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KEY POINTS

e Minimally invasive esophagectomy has been described. Regardless of the approach, it is impera-
tive to perform a safe and oncologically sound resection.
e |t is important to have a general awareness of risks and advantages of each approach to

esophagectomy.

e When it comes to the different approaches to esophagectomy, minimally invasive operations are

seen to offer several advantages.

e Several factors can influence the optimal approach; however, the choice of approach largely de-

pends on surgeon comfort and experience.

INTRODUCTION

Esophageal cancer has seen an overall increase in
incidence over the last several decades. This
pattern is more pronounced in the United States
and other Western countries.”? Currently, the inci-
dence of esophageal cancer in the United States
approaches 17,000 per year, with more than
15,000 deaths per year attributed to esophageal
cancer. It is the eighth most common cancer
worldwide, the eighteenth most common in the
United States, and only second to pancreatic can-
cer in case fatality rate.>* The treatment of esoph-
ageal cancer revolves around a complex,
multimodality approach in most instances, with
surgical resection a key component in appropriate

patients. With the use of ever improving multimo-
dality therapy, there has been an improvement in
long-term survival for those with early or locally
advanced disease.® This has partly been due to
newer chemotherapy agents with lower toxicity
profiles, as well as advanced radiotherapy tech-
niques that have developed over the last several
decades. Similarly, as other aspects of esopha-
geal cancer treatment have evolved, so has the
surgical approach to esophagectomy. Historically,
open esophagectomy (OE) by either a transhiatal
or transthoracic route has long been the surgical
approach to resection; however, over the past
several decades, minimally invasive approaches
have become more popular, with a greater move

@ University of Pittsburgh Medical Center, University of Pittsburgh School of Medicine, 200 Lothrop Street,
Suite C-800, Pittsburgh, PA 15213, USA; P Department of Surgery, University of Pittsburgh Medical Center-
Mercy Hospital, UPMC Mercy, 1400 Locust Street, Pittsburgh, PA 15219, USA; ¢ University of Pittsburgh Medical
Center, University of Pittsburgh School of Medicine, 200 Lothrop Street, Suite C-816, Pittsburgh, PA 15213,
USA; ¢ University of Pittsburgh Medical Center, University of Pittsburgh School of Medicine, Shadyside Medical
Building, 5200 Centre Avenue, Suite 715, Pittsburgh, PA 15232, USA

* Corresponding author.
E-mail address: witektd@upmc.edu

Thorac Surg Clin 30 (2020) 269-277
https://doi.org/10.1016/j.thorsurg.2020.04.010
1547-4127/20/© 2020 Elsevier Inc. All rights reserved.

thoracic.theclinics.com


mailto:witektd@upmc.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.thorsurg.2020.04.010&domain=pdf
https://doi.org/10.1016/j.thorsurg.2020.04.010
http://thoracic.theclinics.com/

270

Witek et al

toward transthoracic rather than transhiatal routes
of resection. Regardless of the approach, the goal
should remain the same, that is, performing a safe
operation without compromise of oncologic princi-
ples. Here we discuss the different approaches
and variables that may influence decision making.

OPERATIVE APPROACHES

Generally, esophageal resections can be charac-
terized under 2 broad categorizations: transhiatal
esophagectomy (THE) versus transthoracic
esophagectomy (TTE), and OE versus minimally
invasive esophagectomy (MIE). Within these 2
broad categories, subsets of technique exist.

The most common transthoracic operations,
those using some component of entry into the right
or left lateral chest, include the Ivor Lewis
(abdomen and right chest),® McKeown or 3-hole
(right chest, abdomen, and neck),” and right or
left (Sweet operation) thoracoabdominal (simulta-
neous transcostal abdomen and right or left
chest).? The transhiatal operations are performed
through a laparotomy in conjunction with a cervical
incision.

Over the last several decades, minimally inva-
sive approaches to esophageal resection have
evolved. These approaches were developed to
decrease perioperative morbidity, but without
compromising oncologic principles. Initially, mini-
mally invasive approaches were used in a limited
capacity for small, early stage tumors. With ad-
vancements, MIE is often used in advanced can-
cers as well.° MIE includes a large spectrum of
approaches. These range from total thoraco-
scopic and laparoscopic approaches to a variety
of hybrid approaches in which the chest approach
may be done through a minimally invasive tech-
nique, but the abdominal portion remains open,
or vice versa. In recent years, robotic approaches
to esophagectomy are becoming more popular.
Like other MIE approaches, the robot is used
either during the chest or abdominal portion, or
can be used during the entirety of the resection.

There are a few variables that need to be consid-
ered when choosing the approach to surgery for
these patients. Ultimately, when resection is per-
formed for malignancy, preserving oncologic prin-
ciples is key. Regarding robotic resection, the
literature continues to expand. Several studies
have demonstrated the feasibility of a complete
resection.’®'® In the ROBOT trial, which repre-
sents a randomized controlled trial comparing
robotic-assisted MIE (RAMIE) with other traditional
approaches, RO resections were comparable be-
tween RAMIE and OE, as well as median lymph
nodes retrieved.'* No difference in overall survival

was noted between the 2 groups at 40 months,
although longer follow-up will be needed to draw
any significant differences.

OPEN VERSUS MINIMALLY INVASIVE
ESOPHAGECTOMY

Minimally invasive surgical approaches have been
adopted across a wide range of surgical subspe-
cialties. As more physicians became proficient in
minimally invasive techniques, several esophageal
diseases have been treated in this manner over the
past 20 to 30 years; thus, it is no surprise that this
has been extended to esophagectomy. As
mentioned, the esophagectomy was historically
performed in an open fashion, either through the
transhiatal or transthoracic approach. However,
there are now data that show that these can all
be safely performed minimally invasively.® 516
Regardless of the technique or approach used, it
is important for the surgeon to be aware of current
data regarding morbidity, mortality, and out-
comes. Although this area of research is still active
area, there is a growing body of literature outlining
these techniques.

The morbidity of the OE can exceed 50% to
70%, with mortality historically ranging from 8%
to 23%.%'%"7 However, with the advent of high-
volume centers of excellence as well as minimally
invasive approaches, these numbers seem to be
improving. The literature has substantially grown
since the first MIE described by Cuschieri and col-
leagues'® in 1992. There are now several random-
ized trials and meta-analyses that show decreased
overall morbidity (especially respiratory complica-
tions) and shorter hospital stay for MIE, with similar
mortality rates.® 71920 Anastomotic leakage is an
important postoperative morbidity that deserves
extra attention. Multiple studies have failed to
show a significant difference between open and
MIE approaches.>'®'"'° In regards to anasto-
motic technique, stapled anastomosis has been
shown to be superior to handsewn techniques in
several studies.?"?? Although this area of research
is still active, it seems MIE has several advantages
over the traditional open techniques in terms of
short-term morbidity.

TRANSTHORACIC VERSUS TRANSHIATAL
ESOPHAGECTOMY

When examining the different approaches to
esophagectomy, they can broadly be grouped
into either TTE or THE, with TTE being subdivided
into lvor Lewis or McKeown methods. In a random-
ized controlled trial by Omloo and colleagues,®® the
TTE was noted to be superior in several aspects,



but primarily better lymph node harvest. This
finding has been further validated by several other
studies and a large meta-analysis.® %2 Addition-
ally, the TTE has been shown to have a lower anas-
tomotic leak rate when compared with THE.?* In
terms of overall morbidity, THE may be superior.
The study from Omloo and colleagues shows less
overall morbidity and operative time when the
THE approach was used, although this finding has
not been routinely replicated in other studies. In a
large series by Orringer and colleagues,>® THE
was performed with acceptable morbidity, although
anastomotic leak and recurrent laryngeal nerve pa-
ralysis was higher compared with those generally
reported for Ivor Lewis esophagectomy. The mor-
tality rate of the 2 approaches, however, is largely
the same.® 1571726

As mentioned elsewhere in this article, there are
a myriad of surgical approaches to the esopha-
gectomy, and the majority of these can be per-
formed minimally invasively. When comparing the
different types of minimally invasive approaches,
the transthoracic approaches are subdivided into
Ivor Lewis (MIE chest) and McKeown (MIE neck).
Although the transhiatal approach can be per-
formed laparoscopically, it is often cited as having
poor visibility, often leading to inadequate lymph
node dissection and difficulty with hemostasis.?’
Thus, many high-volume centers have transitioned
to the transthoracic MIE. The literature comparing
the MIE chest and MIE neck is scant. However, a
study performed by Luketich and colleagues®
showed decreased recurrent laryngeal nerve injury
and pharyngeal dysfunction in the MIE chest
group, with the remaining parameters being
similar. Last, robotic approaches have been
increasingly used for esophagectomy. Although
there is a relative paucity of data regarding its use-
fulness, several studies show promising results.
Early reports have shown RAMIE to offer out-
comes similar to other traditional MIE ap-
proaches.'"?8:2° Additionally, it is theorized that
some areas of the dissection, especially the medi-
astinum, may be more effectively performed with
the robotic platform, given is superior optics,
depth of field, and multiple degrees of freedom. "
However, although promising, this approach
needs to be further vetted.

LOCATION

Esophageal cancer may arise anywhere along the
esophagus. Squamous cell cancers more
commonly occurs in the proximal and middle
esophagus, and adenocarcinomas arise in the
mid to distal esophagus. To achieve complete
(RO) resections, more proximal tumors traditionally

Approaches for Esophagectomy

require a cervical anastomosis. This goal can be
accomplished through either a 3-hole McKeown
or transhiatal approach. Either approach can also
be accomplished using minimally invasive tech-
niques. As described elsewhere in this article, cer-
vical anastomosis does have a higher incidence of
recurrent laryngeal nerve injury, anastomotic leak,
and pharyngoesophageal swallowing dysfunction.

When resecting middle to distal esophageal
cancers, any esophagectomy technique and
approach, open or minimally invasive, can gener-
ally be used and performed. We generally recom-
mend an Ivor Lewis approach because it
minimizes the risks associated with cervical anas-
tomosis and provides a superior en bloc lymph
node resection. Whether it be open or minimally
invasive often depends on the surgeon’s experi-
ence and preference.

PATHOLOGY
Barrett's Esophagus and Malignancy

Historically, Barrett’'s esophagus (BE) with high-
grade dysplasia was an indication for esophageal
resection. Today, high-grade dysplasia is
frequently treated with endoscopic mucosal
resection and ablation of the BE. Indications for
esophagectomy in the setting of BE may include
multifocal high-grade dysplasia, long segment
BE, and a younger patient who may prefer to avoid
routine BE surveillance with endoscopic biopsies.
Shared decision making between the surgeon and
patient would dictate the management in these
cases, and a THE with avoidance of the chest
and possible pulmonary complications may be
offered. Regardless, we prefer to offer a minimally
invasive Ivor Lewis approach in these cases to
minimize risks of a cervical anastomosis and of
laparotomy, including intraoperative cardiac
compression, higher splenectomy rate, and long-
term risk of ventral hernia.

For locally or regionally advanced esophageal
malignancies, the goal is an RO resection and
adequate lymph node harvest for pathologic stag-
ing. Histology itself does not directly dictate the
approach, but rather the likelihood of a sound onco-
logic resection. Stage of cancer may impact the
surgeon’s selection of approach. Fig. 1 summa-
rizes preferred surgical approaches for esophagec-
tomy in the setting of esophageal malignancy.

Benign Disease

Although less common, occasionally an esopha-
gectomy is warranted for benign disease.
Diagnoses include severe refractory reflux dis-
ease, end-stage achalasia, severe esophageal
dysmotility, and/or stricture. The approach to
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Fig. 1. Surgical approaches to esophagectomy in setting of esophageal malignancy. 2 Choicce of MIE is always
preferred, but should be based on experience and comfort level of the surgeon. An open approach should be
highly considered if the surgeon is not familiar or experienced with minimally invasive approaches. Strong consid-
eration should be given to minimally invasive approaches for frail patients. Otherwise, a transhiatal or nonoper-

ative approach should be considered.

esophagectomy should be dictated by the disease
process. Patients with achalasia or esophageal
dysmotility may require a cervical anastomosis to
remove all the diseased esophagus. In those un-
dergoing resections for reflux, an Ivor Lewis
approach is preferred to avoid complications
associated with neck anastomosis. Many patients
undergoing esophagectomy for benign pathology
have previously undergone one or several prior
foregut operations. These may include an antire-
flux or paraesophageal hernia repair or a modified
Heller myotomy. Previous procedures may influ-
ence the approach as a completely minimally inva-
sive approach may be impeded by significant scar
tissue. In addition, the gastric conduit may no
longer be an option after several complex reoper-
ations.®° Esophagectomy after prior reflux studies
has been shown to be associated with greater
perioperative morbidity, anastomotic leak, and
need for reoperation®'; however, Chang and col-
leagues®° did not report a difference in occurrence
of anastomotic leak. Fig. 2 summarizes preferred
surgical approaches for esophagectomy in the
setting of benign disease.

LYMPH NODE RESECTION

Although the extent of lymphadenectomy has
been an area of controversy for years, several

studies have demonstrated that long-term survival
may be directly related to this parameter.®?
Hulscher and colleagues®® have shown an
improved lymph node resection through a trans-
thoracic approach, and suggested a survival
advantage with improved lyphadencectomy. This
outcome is likely from better exposure and
improved node dissection in the mediastinum.
With regard to open versus minimally invasive
transthoracic approach, Luketich and colleagues®
reported a comparable number of median lymph
nodes removed. Other larger studies have re-
ported similar findings.**** Ye and colleagues®®
have reported an increased extent of lymphade-
nectomy in higher stage squamous cell carci-
noma. As far as RAMIE approaches, several
series have demonstrated an improved lymph
node resection compared with an open
approach.14'28'36’38

ONCOLOGIC OUTCOMES

For OE, studies have not routinely shown signifi-
cant differences in long-term survival between
transhiatal and transthoracic approches.>%%° In
a large randomized study by Hulscher and col-
leagues®? comparing TTE and THE, RO resection
was similar. Significantly more lymph nodes were
resected in the TTE arm. The recurrence rate and
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Fig. 2. Surgical approaches to esophagectomy in setting of benign disease. @ Patients with multiple failed anti-
reflux surgeries that are not amendable to redo fundoplication or Roux-en-Y. b Choice of MIE is always preferred,
but should be based on experience and comfort level of the surgeon. An open approach should be highly consid-
ered if the surgeon is not familiar or experienced with minimally invasive approaches. Strong consideration
should be given to minimally invasive approaches for frail patients. © If unable to perform a minimally invasive
procedure, a transhiatal approach would be preferred to avoid morbidity associated with a thoracotomy.

median disease-free survival were similar. There
was a trend toward a better 5-year survival in
the TTE group, but it was not statistically
significant.

Many series have shown MIE to be oncologically
comparable with OE.*' In a meta-analysis per-
formed by Gottlieb-Vedi and colleagues,*? long-
term survival after MIE was similar and potentially
even be better than OE. As far as adequacy of
resection, in one of the largest series to date on
MIE, Luketich and colleagues® reported an RO
resection in 98% of patients.® Lymph node resec-
tion, as mentioned elsewhere in this article, is
similar to open approach.®33* In patients who un-
derwent neoadjuvant therapy, MIE approaches
are equivalent to open approaches in regard to
perioperative outcomes.*®

There are few data on long-term cancer sur-
vival after RAMIE. As far as adequacy of resec-
tion, Puntambekar and associates** reported a
97.6% RO resection with a hybrid robotic-
assisted 3-hole esophagectomy. As for the
Ivor Lewis RAMIE, several series have reported
a complete resection from 90% to 100%.'0-'3
Although the ROBOT trial, a randomized
controlled trial comparing a robotic versus a
traditional approach, did not focus on survival
outcomes, several oncologic outcomes were
extrapolated. RO resections were comparable

between RAMIE and OE (93% vs 96%;
P = .35). At median follow-up of 40 months,
overall survival and disease-free survival were
not statistically significantly different between
the RAMIE and OE arms.' Recurrence rates
in this series were also consistent with pub-
lished data on OE.*® As mentioned elsewhere
in this article, several studies have reported
an improved lymph node resection compared
with an open approach.#2836:37:46 |ncreased
lymph node resection may potentially offer
some benefit in regard to overall cancer sur-
vival, although further studies would need to
be completed to confirm any oncologic
advantage.

QUALITY OF LIFE

Improved quality of life after esophagectomy can
be a predictor of long-term survival.*”*® Global
health, social, and emotional functioning improve
more frequently after MIE compared with OE.*°
In a randomized study from the Netherlands, MIE
was associated with better quality of life at
1 year after resection.’® In the ROBOT trial,
compared with OE, the RAMIE arm had improved
functional recovery at 14 days, less postoperative
pain, and overall better quality of life based on
assessment tools.'* Other studies also reported
less pain after RAMIE.*6:5"
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EXPERIENCE AND APPROACH SELECTION

A large influence on surgical approach to esopha-
gectomy is based on experience and comfort
level. For many surgeons, their surgical approach
is dictated by how they were trained. Historically,
during the era of open surgery, surgeons would
decide between an Ivor Lewis, McKeown, or tran-
shiatal approach based on their experience with
each. This circumstance also was and remains
prevalent with minimally invasive techniques.
Many surgeons still choose to do an OE, which
may often be due to their lack of experience with
minimally invasive surgery. Standard MIE requires
advanced skill in thoracoscopy and laparoscopy,
which not all surgeons may have been exposed
to in training. This is also the case in RAMIE.
Although robotic surgery has been present for
more than a decade, its use as an alternative
approach to esophagectomy is still relatively a
younger adaptation.

Previous studies have evaluated the learning
curve in regards to MIE. Guo and colleagues®? re-
ported that 30 cases were needed to gain profi-
ciency, with even lower morbidity at 60 cases.
Other studies reported similar findings.*® Although
earlier studies focused on parameters directly
related to the surgery, specifically operative time,
more recent studies evaluated the effects of the
learning curve on anastomotic leakage, mortality,
and survival. Van Workum and colleagues®* re-
ported that 10% of leaks were attributed to the
learning curve phase. Several studies also identi-
fied increased mortality associated with learning
curve.®>% These findings stress the importance
of rigid structured training and proctorship when
first endeavoring in MIE.

When it comes robotics, some investigators
argue that the learning curve is decreased
compared with standard minimally invasive
approach owing to the sophistication of the ro-
botic technology.'"®” Several studies have
attempted to define proficiency in robotic esopha-
gectomies. Hernandez and cowrokers®® reported
near proficiency around 20 cases, at which point
operative time was significantly decreased. Other
studies also noted that proficiency was can be
achieved early on.***° It is important to note, how-
ever, that obtaining proficiency has many vari-
ables, including previous experience in
esophagectomy and robotic surgery. Also, the
extent of the robotic portion of the esophagectomy
may vary between studies. In a study by Sarkaria
and colleagues'® regarding learning curve in
completely robotic RAMIE, significant decrease
in operative times were noted between 30 and
45 cases with the nadir between cases 40 and

45. Conversion rates decreased from 13 in the first
50 to 2 in the next 50 cases. The study ensured a
dedicated operating room team that included 2
constant attending surgeons and specific anes-
thesiologists. In a more recent study, van der Sluis
and colleagues®® concluded that proficiency in
completely RAMIE consisted of 70 procedures.
This study was also performed under structured
proctoring. Zhang and colleagues®' reported a
learning curve of 26 cases to gain proficiency for
robotic-assisted esophageal dissection and 14
for stomach mobilization. This study was per-
formed by a single surgical team that had vast
experience in open and thoracolaparoscopic
esophagectomy.

SUMMARY

Esophagectomy is a complex operation, and
several different approaches have been historical-
ly described. The major approaches include tran-
shiatal or transthoracic, with the latter being
primarily subdivided into the Ivor Lewis,
McKeown, and thoracoabdominal operations. All
of these procedures can be performed minimally
invasively, and with or without robotic assistance.
Although minimally invasive operations may offer
several advantages in the perioperative period,
the decision to perform an open or minimally oper-
ation must be tempered primarily by surgeon com-
fort and experience with any given approach.
Regardless of which approach is chosen, it is
paramount to focus primarily on a safe and onco-
logically sound resection.
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