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Abstract

The widespread popularity of new surgical technologies
such as laparoscopy, thoracoscopy and robotics has led
many surgeons to treat esophageal diseases with these
methods. The expected benefits of minimally invasive
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surgery (MIS) mainly include reductions of postoperative
complications, length of hospital stay, and pain and
better cosmetic results. All of these benefits could
potentially be of great interest when dealing with the
esophagus due to the potentially severe complications
that can occur after conventional surgery. Moreover,
robotic platforms are expected to reduce many of the
difficulties encountered during advanced laparoscopic
and thoracoscopic procedures such as anastomotic
reconstructions, accurate lymphadenectomies, and
vascular sutures. Almost all esophageal diseases are
approachable in a minimally invasive way, including
diverticula, gastro-esophageal reflux disease, achalasia,
perforations and cancer. Nevertheless, while the limits
of MIS for benign esophageal diseases are mainly
technical issues and costs, oncologic outcomes remain
the cornerstone of any procedure to cure malignancies,
for which the long-term results are critical. Furthermore,
many of the minimally invasive esophageal operations
should be compared to pharmacologic interventions
and advanced pure endoscopic procedures; such a
comparison requires a difficult literature analysis and
leads to some confounding results of clinical trials. This
review aims to examine the evidence for the use of MIS
in both malignancies and more common benign disease
of the esophagus, with a particular emphasis on future
developments and ongoing areas of research.
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Core tip: Minimally invasive surgery for esophageal
diseases is very attractive for reducing potentially
serious complications that can occur after conventional
surgery. However, if the oncologic long-term results
remain the cornerstone of any procedure to treat malig-
nancies, determining the outcomes of surgery for benign
diseases requires a deep analysis of published evidence
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and a comparison with alternative pharmaceutical or
endoscopic treatments.
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INTRODUCTION

For many years, esophageal surgery has been reco-
gnized as very challenging for surgeons and risky for
patients'"®). However, subspecialized training of sur-
geons and a case-load centralization have been shown
to reduce both perioperative mortality and the so-
called “failure to rescue” rates after a life-threatening
complication occurs™?.

This type of surgery is complicated by the deep
location of the esophagus in the neck, the posterior
mediastinum and the upper abdomen. Moreover, the
esophagus crosses all of these sectors very close to
major vascular structures, including the carotids, the
jugular vein and the aorta, while the trachea and the
pericardium have important connections. Furthermore,
the absence of a formal serous layer leads to unsafe
anastomosis with a great risk of leakage.

All of these issues, together with the older age and
comorbidities of many patients affected by esophageal
cancer, could explain the disappointing outcomes
of patients who are candidates for surgery. In this
scenario, the adoption of the concept of a minimally
invasive (endoscopic, thoraco-laparoscopic and robotic)
approach could represent an attractive and valuable
option.

The introduction of the da Vinci® Robot system
to surgical practice added other benefits in terms of
feasibility of the most complex esophageal procedures,
which were previously precluded by pure laparoscopy
and thoracoscopy procedures.

The proven and unquestionable advantages of
minimally invasive surgery (MIS) are mainly repre-
sented by a reduction in pulmonary complications,
wound infections, postoperative pain, and length of
postoperative stay compared to open surgery. A superior
cosmetic result is an additional benefit, especially when
dealing with benign diseases in younger patients.
Another recent field of research has demonstrated the
important role of MIS in decreasing the pro-inflammatory
and immunologic responses to surgery, which is,
hypothetically, related to improved immediate or even
long-term oncologic results®™®.

However, many of the minimally invasive surgical
esophageal procedures failed to reach a consistent
level of evidence-based efficacy to enable their routine
application™'. The evidence-based literature is limited
for many reasons. First, there is an intrinsic and well-
known difficulty in conducting clinical surgical research.
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Second, a relatively low incidence of esophageal dis-
eases (i.e., cancer) compared to stomach and colo-
rectal cancers limits the gain of sufficient experience
in Western countries. Finally, the large spectrum of
new technologies, including laparoscopy, thoracoscopy,
robotics, hybrid procedures and endoscopy, contributes
to unclear and confusing results in clinical trials'”.

We focused this review on minimally invasive sur-
gical procedures, including laparoscopy, thoracoscopy
and robotics, for the treatment of the more frequent
esophageal diseases, with an emphasis on clinical
outcomes rather than on the technical details of each
approach. Pure endoscopy, although recognized as the
standard of care in some esophageal impairments and
as important in many others, does not represent the
core focus of article and was treated marginally.

A search of the PubMed, EMBASE and Cochrane data-
bases through March 2015 was conducted, including
important cross-matched manual references. Rando-
mized controlled clinical trials (RCTs) and meta-analyses
were considered a priority. Data arising from English-
written, multicenter, international studies and those with
long-term follow-up and oncologic results were also of
major interest. A few small studies on the feasibility of
the newest procedure were also included.

REFLUX DISEASE AND HIATUS HERNIA

The largest number of medical consultations for eso-
phageal diseases involve symptoms related to hiatus
hernia and gastroesophageal reflux disease (GERD).
Fortunately, most of the affected patients are managed
properly by a medical regiment of proton pump inhibitors
(PPIs) and drugs targeted to dyskinesia. However, a
subgroup of patients requires further invasive appro-
aches, including endoscopy and surgery, while a few with
long-standing disease are at risk of developing cancer.

It is commonly accepted that laparoscopic fundo-
plication (LF) greatly improves GERD symptoms, and it is
considered as the standard operation, although in some
patients symptoms can recur, necessitating a return
to PPI use™. Interestingly, the best surgical results are
achieved in those patients with optimal responses to
medical therapy, which reflects an ongoing health-policy
and cost-efficacy problem®*!, Morbidly obese patients
require peculiar integrated multidisciplinary surgical
approaches and will not be considered further in this
study.

A debate that has lasted for years still exists on the
extent of the stomach wrap (total or partial). The most
common approaches are the classical 360° posterior
fundoplication [laparoscopic Nissen fundoplication
(LNF)], the 270-degree posterior fundoplication [laparos-
copic toupet fundoplication (LTF)], the 180-degree
laparoscopic anterior fundoplication (180-degree LAF)
and the 90-degree anterior laparoscopic anterior
fundoplication (90-degree LAF or Dor fundoplication).
All of these partial fundoplications have been adopted to
avoid the post-operative negative symptoms associated
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with LNF (mainly gas bloating syndrome and dysphagia).

Neither of the two approaches (partial vs total
plication) has been demonstrated to be sufficiently
superior to justify abandoning the other completely.
A recent, updated selective review™ concluded that
LTF is the therapy of choice for normal-weight GERD
patients who qualify for surgery because no better
pharmaceutical, endoluminal or surgical alternatives
exist to date.

The technical option of performing a laparoscopic
180-degree LAF should be validated compared to the
Toupet fundoplication, while the division of the short
gastric vessels is not recommended, nor is the use
of a boogie or a mesh in the vast majority of patients
undergoing surgery™". Interestingly, anti-reflux surgery
is considered to be a field for expert surgeons, although
no consensus exists on the adequate learning curve?,

Most of the benefits of LF for patients suffering
from GERD still persist after long-term follow-up. A
multicenter Scottish trial* included more than 350
patients randomized to medical management and
surgery (or who expressed a preference for one arm
over the other) who were followed for five years using
structured questionnaires. The authors reported that
44% of those who underwent surgery and 82% of
those who had initial medical management were still
taking anti-reflux medications. Differences in the
REFLUX scores significantly favored the surgery group
(mean difference 8.5, 95%CI: 3.9-13.1, P < 0.001, at
five years). Postoperative complications that required
surgical intervention occurred in 3% of patients, while
4% had further reflux-related operations, most often
revision of the wrap.

Few rigorous articles have been published on the
robotic approach to GERD and most of those compared
it to open or laparoscopic techniques. Globally, the
updated surgical approach to GERD has led to a hard
scientific comparison among medical therapies, the
endoscopic approach and surgery using an open,
laparoscopic or robotic route. Unfortunately, these types
of studies are very difficult (if not utopian) to design and
conduct”’,

One of the largest analyses was that published by
owen'*!, which included more than 12000 patients
from an American national database. The group was
retrospectively divided into those who received open
fundoplication (OF), LF, and robot-assisted fundoplication
(RLF). Interestingly, RLF matched favorably with OF in
terms of morbidity (5.6% vs 11%; P < 0.05), length
of stay (LOS) (6.1 £ 7.2 d vs 3.0 £ 3.5 d; P < 0.05),
intensive care unit (ICU) admissions (11.5% vs 23.1%;
P < 0.05), and cost (United States $10644 + 6041 vs
United States $12766 + 13982; P < 0.05), although LF
remained superior to RLF when considering the 30-d re-
admission rate (1.8% vs 3.6%; P < 0.05) and the cost
(United States $7968 + 6969 vs United States $10644
+ 6041; P < 0.05).

A meta-analysis™ of 221 patients from six selected
RCTs comparing LF and RLF found similar results, with
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RLF having a longer duration of surgery, higher costs
and similar patient outcomes.

According to the current literature, it is very hard
to consider robotic procedures as cost-effective (as
compared to standard laparoscopy) when dealing
with simple routine operations, such esophago-gastric
junction and functional surgery™®*”,

Hiatus hernia has several epidemiologic, anatomic
and pathophysiological correlations with GERD and
its correction is often by LF. Moreover, some patients
suffering from hiatus hernias experience gastric volvulus
with life threatening complications or become highly
symptomatic, which justifies a surgical repair. However,
the early minimally invasive approaches could lead
to an increased incidence of recurrence compared to
traditional open surgery™® ', Currently, laparoscopic
mesh crural reinforcement and Collis gastroplasty
in selected cases have achieved excellent functional
results, with a recurrence rate of less than 20%*%",

From a comprehensive point of view, laparoscopic
surgery for GERD and hiatal hernia is considered as a
standard of care in most hospitals worldwide. The high
grade of effectiveness, together with the proven lower
mortality and morbidity, are reasons for abandoning
open surgery on a routine basis™®>**.

ESOPHAGEAL DIVERTICULA

Esophageal diverticula are rare pathologies. The exact
incidence is unknown because patients are often asymp-
tomatic, and diagnosis is mostly incidental. Confirmation
is based on a barium esophagogram and a thorough
endoscopy to exclude the presence of concomitant
malignancies®**), Many cases are acquired pulsion
diverticula, caused by an impaired motility that results
in higher intraluminal pressure and mucosa herniation
through the muscular wall*>?%,

Zenker's diverticulum (ZD) is the most common type
in the esophagus (70%). It usually begins in the upper
third, with an estimated prevalence of 0.01%-0.11%""
and some age, geographic and gender-related differen-
ces™”.

The choice of treatment for ZD for many years has
been an open surgical diverticulectomy with cricopha-
ringeal myotomy, while an endoscopic myotomy with a
rigid or flexible endoscope is a recent emerging option
that can be achieved with multiple techniques®®*?.
Current literature is mostly based on retrospective studies
with heterogeneous results, and the gold standard
of treatment is not yet established™. However, the
endoscopic staple-assisted esophago-diverticulostomy is
often considered the first choice of treatment™>"..

Endoscopic repair of ZD is safe and effective,
allowing a shorter operative time, a reduction of hospital
stay, and a quicker resumption of oral intake™>"), In
the available literature, the endoscopic repair has a
morbidity rate of up to 4% and a mortality rate lower
than 1%. The mean recurrence rate is approximately 6%
(0%-22%)1®,
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The traditional surgical techniques consist of a
stapled or manual diverticulectomy for larger diverticula
associated with a myotomy; a myotomy alone for
small diverticula (less than 1 cm); and a myotomy with
suspension or inversion for moderate-sized diverticula
(1-4 cm)P**%, Despite proven efficacy, open surgery is
associated with a high rate of complications (ranging
from 3% to 19% depending on the technique), such
as pharyngeo-cutaneous fistula, mediastinitis, larynx
muscles paralysis, recurrence and death (1.6% )",

The prevalence of epiphrenic diverticula (ED) is appro-
ximately 0.015%, and patients are usually elderly men.
ED are usually localized in the terminal esophagus and
tend to project into the right thoracic cavity, accounting
for less than 20% of esophageal diverticula®“*®. The
remaining 10% of diverticula of the esophagus are
located in the mediastinal space.

Because of the high morbidity and mortality rates,
treatment of ED is recommended only for selected
patients with severe symptoms and a high risk of ab-
ingestis pneumonia, rather than being based on the
dimension of the diverticular sac itself“*****”,

Surgical treatments of ED include diverticulectomy,
myotomy and fundoplication (often partial) due to the
higher recurrence rates of diverticulectomy alone™®.
The procedures could be achieved by a traditional
thoracotomy, a thoracoscopy, or a laparoscopic and
robotic-assisted transhiatal technique. The minimally
invasive approach is generally preferred for its lower
morbidity and mortality rates and a similar success rate
(83%-100%)""",

Fumagalli Romario et a/*® reported on 30 patients
treated with a laparoscopic transhiatal diverticulectomy
with only a suture leak (3%) and no recurrence after
a median follow-up of 52 mo, while Zaninotto et
al*® reported on 17 laparoscopic diverticulectomies
(associated with myotomy and anti-reflux procedures)
and 7 that used a combined laparoscopic-thoracotomic
approach. The latter study found 4 leakages (16.6%)
and good functional outcomes in all patients.

Unfortunately, most of the studies published are
single, monocentric case studies without robust statistical
calculations.

ACHALASIA

Achalasia is the most common primary motility disorder
of the esophagus and, after GERD, is the second most
common functional disorder of the esophagus requiring
operative treatment. Most people are diagnosed between
the ages of 25 and 60. It initially presents with a difficulty
in swallowing that progressively becomes chronic and is
not resolved by conventional interventions®™".

A number of medical and endoscopic treatments,
including dilatation and myotomy™>>*!, are available for
achalasia with promising results, but a surgical Heller
myotomy (HM) with fundoplication has been reco-
gnized as having excellent long-term outcomes and
is considered as the standard to which others options
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should be compared™®>®,

The goal of myotomy is to improve esophageal
emptying by dividing the esophageal and gastric muscle
fibers that contribute to the lower esophageal sphincter
mechanism. The original operation was developed by
Heller™ in 1913 and consisted of anterior and posterior
esophageal myotomies. Because this approach resulted
in excessive gastroesophageal reflux, it later was
modified to involve a single myotomy, which still is the
mainstay of surgical treatment.

In the early 1990s, Shimi et af*® and Pellegrini et
al®y were the first to describe the use of minimally
invasive techniques for the treatment of achalasia.
Laparoscopic HM (LHM) has been shown not only to be
feasible but also to decrease hospital stay and costs®™”.
The use of LHM spread rapidly, motivating a change in
the treatment algorithm for esophageal achalasia®®.
The standard technique includes both myotomy and
fundoplication, while the Dor partial anterior plasty
has been shown to be superior to the Nissen total
plication®®. Most of the patients affected had consistent
symptom relief within a few weeks of the operation,
with clinical improvements maintained after several
years®,

Similar to many esophageal procedures, the surgical
treatment of achalasia with robotic assistance has been
studied™. The first study on a robotic HM (RHM) with a
Toupet fundoplication was published by Melvin et a/** in
2001. Since then, several larger studies on the use of a
RHM have been published™® !,

Interestingly, esophageal perforations represent
a life-threatening complication but have rarely been
studied™®’®: the studies that do exist have included
immediate repairs with good outcomes. In a meta-
analysis of the efficacy of robotic abdominal surgery
that included 3 studies relevant to RHM, the authors
reported the risk of perforation to be lower with robotic
assistance’. It should be noted, however, that the
lower perforation rate of RHM may be subject to bias,
as most authors compare their results with laparoscopic
myotomy cases performed earlier in their learning
curve.

Another retrospective multicenter trial suggested
decreased esophageal mucosal perforations with the use
of a robot (0% vs 16% with conventional laparoscopy;
P < 0.05) with similar patient outcomes and equal
operative times, after an appropriate learning curve’®”.
Huffmann et a’* reported a lower rate of esophageal
perforations and better quality of life with RHM compared
to LHM as well.

From a robust comparative perspective, Shaligram
et al”® analyzed 2683 patients suffering from achalasia
who were treated by open Heller myotomy (OM), LHM,
or RHM. No differences in mortality, morbidity, ICU
admission, LOS, or 30-d re-admission were observed
in the three groups. However, the overall hospital costs
decreased in the LHM group (United States $7441 +
7897 vs United States $9415 + 5515; P = 0.0028).
Interestingly, when comparing OM and RHM, the authors
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found significantly lower morbidity (9.08% vs 4.02%;
P = 0.02), ICU admission rate (14.01% vs 3.36%, P
= 0.0002), and LOS (4.42 + 5.25d vs 2.42 + 2.69 d;
P = 0.0001) in the RHM group. The authors concluded
that the RHM group had also a slight improvement in
perioperative outcomes compared to the LHM, at the
price of increased costs.

Another large review”" of LHM vs RHM, which
including only 6 RCTs (of low quality), also reported com-
parable outcomes and increased costs for the robotic
technique.

The Society of American Gastrointestinal and Endo-
scopic Surgeons’ guidelines'” state that compared with
laparoscopy, robotic assistance for the treatment of
esophageal achalasia decreases the rate of intraoperative
mucosal perforations, but no clear differences in post-
operative morbidity, symptom relief, or long-term out-
comes have been confirmed to date. Further studies are
needed to better establish the role of RHM.

ESOPHAGEAL PERFORATION

Esophageal perforation (EP) is an uncommon situation,
although its incidence has increased over the last 20
years. The most common cause is iatrogenic (60% of
cases are caused by an endoscopic procedure)”®””,
Otherwise, EP can occurs spontaneously after vomiting
or in cases Boerhaave syndrome or a diseased eso-
phagus (i.e., diverticula, Barrett's esophagus, infective
esophagitis, cancer)”®. Other rare causes are blunt or
penetrating trauma to the epigastrium and ingestion of
foreign bodies or caustics. The mortality rate is as high
as 60%7°®! and is mainly secondary to the onset of a
septic shock and the presence of comorbidities®.

The ideal management of EP is not yet standardized,
and no technique has shown a real superiority over the
others. Nevertheless, the number of patients treated
aggressively with surgery has been lower over the last
several years'™, while many patients (approximately
25% of EP cases) are being managed non-operatively.
Early total parenteral nutrition and antibiotic therapy,
in those patients without signs of sepsis, can lead to
a medical management success rate of more than
80%"®.

Endoscopic stenting, associated with or without
a percutaneous or surgical thoracic drainage, has a
success rate up to 90% in patients with EP due to
benign perforations of less than 5 cm or an anastomotic
leak with a minimal contamination if treated within 24
h of the perforation®®¢., Endoscopic closure of the leak
with clips or suture is also effective!®”,

Nevertheless, the surgical approach to EP is still
appropriate in case of severe acute sepsis, extended
leaks or failure of endoscopic/percutaneous treatments.
A feeding jejunostomy is often recommended®. Surgi-
cal drainage of the contaminated space, debridement
with primary repair, esophageal diversion with delayed
repair and esophagectomy with immediate or delayed
repair have all been used for several years, with high
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morbidity and mortality rates”®#885,

Open surgery is widely consider the standard, even
though some case studies have reported on the feasibility
and safety of laparoscopic®®®*/thoracoscopic® primary
repair of EP associated with or without stent placement™
in hemodynamically stable patients. Again, most of the
published studies are monocentric case studies and
anecdotal reports with short-term follow-up.

Pleural percutaneous drainage alone may achieve
acceptable mortality rates in appropriately selected
patients with cervical EP***”, although it is usually asso-
ciated with thoracoscopy or laparoscopy for complete
surgical debridement®®,

BENIGN AND MALIGNANT TUMORS

Both benign and malignant tumors arising in the eso-
phageal tract are candidates for a minimally invasive
approach, although the widespread adoption of mini-
mally invasive techniques has been limited by many
challenging technical issues. In addition, the oncologic
outcomes remain the foundation of any procedure
to cure malignancies, rather than the feasibility itself.
Obviously, any laparoscopic or robotic procedure should
follow the standards of oncologic surgery, including
sufficient margins of resection and extended proper
lymphadenectomy™.

The need for a surgeon with advanced skills, the
availability of instruments and the high case volume
together have limited the use of MIS for esophageal
neoplasms to few subspecialized centers.

Benign lesions are rare, representing only 20% of
all esophageal neoplasms at autopsy, with more than
70% being leiomyoma™. Nevertheless, the anatomic
location in the esophageal tract, together with the well-
known challenges of esophageal reconstructions, lead to
potential life-threatening complications after surgery. A
minimally invasive surgical approach would be of crucial
interest to limit the risks of perioperative deaths and the
length of hospital stay.

Most studies have included a limited number of
anecdotal experiences!'®*'%* with excellent results from
a thoracoscopic or laparoscopic transhiatal enucleation
for esophageal leiomyomas. However, the optimal
approach should be tailored for each patient according
to the location and size of the tumort'®”. For example,
Palanivelu et a'®, in one of the largest single-center
studies (18 cases), reported that leiomyomas are
frequently located in the middle and lower third of the
esophagus. The author suggested that the proximal
ones should be best approached by a right thoracos-
copy and the distal ones through an abdominal route.
Nevertheless, a laparoscopic transhiatal operation is
also feasible to manage benign lesions of the thoracic
esophagus %),

Many of the published studies include very few
patients, and those comparing laparoscopic/thora-
coscopic procedures with open traditional approaches
have poor statistical relevance. However, most studies
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have reported superior results of MIS in terms of
reductions of perioperative complications and length of
hospital stay™®%%,

The robotic approach was also described as a
procedure very suitable for managing benign esophageal
masses that require careful dissection in deep, narrow
spaces. Obviously, all these experiences were reported
as case studies performed by skillful subspecialized
SL‘lI,_geOI,]s[m,l10—113].

The different interventions for esophageal benign
diseases range from a simple enucleation achieved
through a thoracic or an abdominal route to a formal
Ivor-Lewis partial esophagectomy. Interestingly, Khalaileh
et a**! reported favorable results of robotic approaches
compared to the corresponding open or traditional laparo-
scopic/thoracoscopic operations (overall complications
of 0%, 10% and 13%, respectively). Unfortunately, that
retrospective review included fewer than 100 patients in
each group, with scarce homogeneity of characteristics
and very different approaches.

Cancer of the esophagus is relatively rare in Europe,
North America and other developed countries, although
it represents a major concern in Eastern Asia, Eastern
and Southern Africa, and, generally speaking, in less
developed regions (Figure 1). In Eastern Asia, the
incidence is almost double than in rest of the world (more
than 10 per 100000 per year)™*, with some differences
in the histopathological features (adenocarcinoma
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and squamous). The oncologic outcomes are still dis-
appointing, with a 5-years survival rate of less than
40%"**!, New adjuvant regiments have been proven
to significantly increase the survival after curative
surgery, with few or no detrimental perioperative com-
plications!**>*¢!,

From a comprehensive point of view, the fundamental
esophageal cancer cure is always resective surgery with
regional lymphadenectomy and (neo) adjuvant chemo or
radiochemotherapy. Conversely, many technical debates
still exist regarding the opportunity of performing a partial
or a total esophagectomy, with or without a transthoracic
approach**’,

In brief, the three-field esophagectomy (McKeown
procedure) has been the treatment of choice for eso-
phageal cancer for many years and includes abdominal,
thoracic and cervical incisions. The two-field partial
esophagectomy with an esophagogastric intrathoracic
anastomosis (Ivor-Lewis procedure) has gained popularity
in recent years due to comparable oncologic results with
the McKeown operation and minor complications. The
transhiatal esophagectomy, which avoids the thoracotomy
(Orringer procedure), probably offers inferior oncologic
outcomes™?,

In the recent literature, many groups of esophageal
surgeons have reported trends in reducing the use of
the three-field McKeown total esophagectomy in favor of
the two-field Ivor-Lewis partial esophagectomy (except
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for cases of cancer arising in the upper third of the
esophagus). The significant reduction of perioperative
complications, including leaks, recurrent laryngeal nerve
injuries, alteration of swallowing and pharyngeal transit,
is the major benefit of the limited approach™***%,

Despite the different surgical techniques proposed,
patients are expected to have a high incidence of
complication of up to 60%. Most are pulmonary com-
plications, with an increase in the postoperative stay,
costs and mortality!,

To improve such those disappointing figures, many
minimally invasive approaches had been developed,
replacing conventional operations with laparoscopy, thora-
coscopy or hybrid routes (with open surgery combined),
with excellent results™**2**%%,

The minimally invasive esophagectomy (MIE) is
expected to reduce pulmonary impairment, intrao-
perative bleeding, wound infections and, consequently,
length of hospital stay and mortality. Increases in the
operative time and of the base costs are the principal
concerns™?,

One recent multicenter (selected hospitals with
specific credentials) prospective phase II trialt***
evaluated the feasibility of MIE in patients with high-
grade dysplasia or esophageal cancer with a rigorous
protocol. According to the authors’ results, surgery was
completed in 95 of the 104 patients (91.3%), with a
30-d mortality rate of 2.1%. The major complications
were anastomotic leak (8.6%), acute respiratory distress
syndrome (5.7%), pneumonitis (3.8%), and atrial
fibrillation (2.9%). The 3-year overall survival rate was
58.4% and a locoregional recurrence occurred in only 7
patients (6.7%).

However, the rapid worldwide use of MIS for eso-
phageal cancer has not been followed by a rigorous
scientific analysis of results, and the issue of cost-
effectiveness is still unresolved™'*), Therefore, large-
scale multicenter trials are still lacking, and few studies
have had sufficient follow-up to judge the long-term
oncologic results.

Aside from the intrinsic difficulty in conducing sur-
gical clinical trials, the challenging learning curve and
the numerous technical variables (including the patient’s
position - prone vs supine or the transoral anvil intro-
duction vs the transthoracic route during an Ivor-Lewis
esophagectomy) have jeopardized the results!**®!,

One large retrospective cohort study also confirmed
the superiority of MIE in terms of postoperative pulmo-
nary complications (13% in the thoraco-laparoscopic
MIE group, 38% in the thoracoscopic MIE group, and
39% in the open group)! *.

Nevertheless, to date, only one prospective, multi-
center RCT that including 56 patients and compared
open transthoracic oesophagectomy with the minimally
invasive approach has been published*”). The authors
reported that 29% of patients in the open group had
pulmonary infections in the first 2 wk compared to
five (9%) in the minimally invasive group (P = 0.005),
while 19 (34%) and 7 (12%) patients in the two groups
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had in-hospital pulmonary infections, respectively (P
= 0.005)"*”). Another trial to evaluate the benefits
of laparoscopic gastric mobilization during Ivor-Lewis
intervention is still ongoing™*®.

Conversely, Hanna et al"*, who selected thirty of
the best published papers concerning MIE and open
approaches for cancer (including only 1 RCT), found
that in most studies a suboptimal lymphadenectomy
was described (with the average number of nodes
retrieved below 23 considered as the standard) and
included a superficial description of the complications
that occurred. However, the disease-free survival and
the overall survival rates were similar to those achieved
by open surgery™*.

In recent years, robotic-assisted MIE (RAMIE) has
been introduced for the treatment of esophagogastric
malignancies. The robotic platform would reduce the
complexity of the laparoscopic-thoracoscopic maneuvers
using endo-wrist arm technology (articulation of the
instruments with 7 degrees of freedom). The deeper
high-definition 3D vision, the motion scaling and the
tremor filtration are other potential advantages of a
robotic approach during esophageal dissection, allowing
the execution of an extended lymphadenectomy and
hand-sewn visceral anastomoses™®. Another intriguing
advantage of robotic surgery is the reduction of the
learning curve (20 procedures in one study™"), as
compared to standard MIE, which increases the number
of surgeons who can gain adequate and specific pro-
ficiency.

In the published literature, studies on all three types
of esophageal resections (total esophagectomy, partial
transthoracic and partial transhiatal resection) using a
full robotic or a hybrid approach are available (Figure 2).

For example, Boone et aft***! reported on 47 robotic
three-field total esophagectomies with a pulmonary
morbidity of 44% and a postoperative mortality of
6%, which were highly comparable with the results of
historical open outcomes in terms of safety and short-
terms results.

As in standard MIE, the robot-assisted Ivor-Lewis
transthoracic esophageal resection has replaced the
three-field approach in most cases!'**"**!, The perio-
perative outcomes and the oncologic parameters
reported were highly sufficient to judge the technique
to be as safe as traditional MIE and the conventional
open approach™**"®, From a purely technical point of
view, the transthoracic surgical step could be achieved
throughout a standard supine or semi-lateral position,
while recently some authors™”! have reported excellent
results using the prone position (only a 6% rate of
pulmonary complications).

Another peculiar issue of RAMIE is represented by
the possibility of performing a hand-sewn intrathoracic
esophagogastric anastomosis, which is virtually impo-
ssible or very time-consuming for even very skilled
laparoscopists due to tremor and anti-ergonomic posi-
tions. However, only two paperst****! have specifically
addressed the use of RAMIE with a hand-sewn intratho-
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Table 1 Recommended approaches to esophageal procedures

Type of procedure Open surgery Laparoscopic surgery Robotic Level of evidence'
Total esophagectomy (McKeown) Standard Accepted Developing LE3
Partial esophagectomy (Ivor-Lewis) Standard Accepted Developing LE2
Transhiatal esophagectomy (Orringer) Standard Accepted Developing LE3
Anti-reflux surgery Abandoned Standard Developing LE1
Heller myotomy Abandoned Standard Developing LE1
Local excision Standard Accepted Developing LE4
Others Standard Accepted Developing LE4

'Oxford Centre for Evidence-Based Medicine. Levels of Evidence Working Group. "The Oxford 2011 Levels of

Evidence". http:/ /www.cebm.net/index.aspx?0=5653

LEET]
1145 chc

Figure 2 da Vinci® docking during the thoracic step of a completely robotic
esophagectomy at the Division of Oncologic Surgery and Robotics, Careggi
Hospital.

racic anastomosis. The authors reported few leakages
or cases of stenosis and no significant prolonging of the
operative time.

Finally, even a transhiatal esophagectomy is feasible
robotically, at the price of a higher complications rate
reported in one of the very few anecdotal reports (35%
of patients with temporary laryngeal nerve paresis and
25% of patients with self-limiting cervical leaks)™*”.

In conclusion, although the first cases of RAMIE
were described in the early 2000s"****!, rigorous, well-
designed, large comparative studies are still lacking,
and none of the existing studies have demonstrated the
tangible benefits of robotics over thoraco-laparoscopy
or open surgery"**'*?, Interestingly, a monocentric trial
specifically targeted to RAMIE was recently launched™*.,

CONCLUSION

Most of the surgical operations for the treatment of benign
and malignant esophageal diseases are suitable for a
minimally invasive approach, with the goal of reducing
the wide spectrum of perioperative complications.
Thoracoscopy, laparoscopy, hybrid procedures and
robotic assistance have been shown to favorably impact
pulmonary morbidity and length of hospital stay in
many recent papers. However, most of these minimally
invasive esophageal procedures were achieved in a
limited number of subspecialized centers worldwide and
were performed by surgeons with significant experience
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in esophageal surgery, advanced laparoscopy and
robotics. Interestingly, the hypothesized learning curve
for gaining sufficient confidence was more than 30 cases
for major operations™*****],

In addition, more of the published techniques, although
very promising in terms of outcomes and results, are
not yet completely validated. An authors’ comprehensive
opinion of future developments in MIS for esophageal
disease is reported in Table 1.

Centralization of the more challenging procedures
and rigorous scientific approaches are needed before
conventional open surgery can be abandoned completely.
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