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ABSTRACT

Background: Minimally invasive esophagectomy (MIE)
is becoming increasing popular. Since it was introduced,
there has been debate about its safety and efficacy when
compared with open esophagectomies (OE). We sought
to compare the oncologic outcomes of MIE and OE in
this study specifically with regards to margin status and
nodal retrieval.

Methods: Ninety-three patients that underwent MIE (76/
93) or OE (17/93) for esophageal cancer at out institution
between January 2013 and September 2018 were retro-
spectively reviewed. Histological type, pathological tu-
mor grading, clinical tumor staging (cTNM), pathological
tumor staging (pTNM), post-neoadjuvant tumor staging
(ypTNM), and lymph node retrieval were obtained and
compared.

Results: The results show a statistically significant improve-
ment in resection margins (R0) in the MIE group when
compared with the OE group. Other oncologic parameters
including clinical staging, pathologic staging, tumor grade,
neoadjuvant therapy (NAT), and nodal retrieval were not
statistically significantly different between the open and
MIE groups.

Conclusion: The improvement in short-term surgical
outcomes in MIE is well established. This study demon-
strates that MIE can have superior surgical oncologic out-
comes compared to OE, this was specifically an
improved R0 margin rate with MIE compared to OE.

These results further support the use of MIE in the treat-
ment of esophageal cancer.
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INTRODUCTION

With an incidence rate of 4.5/100,000 and an overall 5-
year survival rate of 20%, esophageal cancer continues to
be one of the leading causes of cancer morbidity and mor-
tality in the United States.1 The American Cancer Society
estimates 18,440 new cases and 16,170 esophageal cancer
deaths in 2020. Esophageal cancer accounts for 1% of all
cancers diagnosed in the United States and has a male
preponderance.1 The most common histological type is
Squamous Cell Carcinoma (SCC) worldwide and Adeno-
carcinoma in the United States. Obesity and Barrett’s
esophagus are thought to be the predisposing factors in
the USA. A decrease in smoking has led to a drop in
Squamous Cell cancer.2 Over the last five decades, the
overall survival rate for esophageal cancer patients has
improved from 5% to 20% with localized cancer cases
having a 5-year survival rate of up to 47%.1

As minimally invasive esophagectomy (MIE) is becoming
increasing popular, it is important to establish the differ-
ence in oncologic and surgical outcomes between MIE
and open esophagectomies (OE) to allow for a better evi-
dence-based choice of approach for each patient. Data
assessing the learning curves, oncologic outcomes, and
surgical outcomes of MIE vs OE favor MIE after the learn-
ing curve is surpassed. The aim of this study is to further
explore the differences in oncologic outcomes between
MIE & OE.

Patients with esophageal cancer are often quite sick and
have coexistent medical conditions. The use of MIE tech-
niques can result in decreased pain and possibly a quicker
recovery.3,4 We hypothesize that MIE may have the addi-
tional benefit of improved oncologic measures. We sought
to compare the oncologic outcomes of MIE vs OE of esoph-
ageal cancer patients undergoing esophagectomies with cu-
rative intent at our institution.
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MATERIALS AND METHODS

The study includes 93 patients who underwent esopha-
gectomies for esophageal cancer with curative intent
between January 2013 and September 2018 at Methodist
Health System. The types of esophagectomies were
grouped into MIE (76/93) and OE (17/93). Patients
selected for OE were those with multiple previous ab-
dominal surgeries and/or inability to tolerate laparoscopy.
The MIE group includes laparoscopic transhiatal esopha-
gectomy and robotic assisted transhiatal esophagectomy
(RAMIE). All esophagectomies were transhiatal and per-
formed by one surgeon.

The following is a description of the transhiatal approach
performed. An OE is started with an upper midline inci-
sion. Ports are placed and the robot is docked (for
robotic) with the patient in steep reverse Trendelenburg.
The usual dissection of the stomach is performed,
although the senior author prefers to approach the greater
curvature dissection first prior to the Pars Flaccida
approach. The esophagus is encircled at the diaphragm
and the left gastric vessels are taken with the stapler.
Transhiatal dissection is then performed up to the mid
chest. At this point, if this were the laparoscopic or robotic
approach, all trocars are removed, the liver retractor is
removed, and a limited upper midline incision is made.
The co-surgeon proceeds with a left anterior sternocleido-
mastoid incision and the transhiatal dissection is then
completed until the esophagus is completely free. A wide
Kocher maneuver is then performed followed by a pylo-
roplasty in the manner of Heineke-Mikulicz. The esopha-
gus is transected in the neck. The proximal stomach is
stapled and the staple line is oversewed. The esophago-
gastric anastomosis is created using a stapled technique

with oversewing of the enterotomies. Feeding jejunos-
tomy is placed in all patients.

The study protocol was approved by the hospital’s institu-
tional review board and the need for informed consent
from patients was waived due to the retrospective nature
of the study.

The pre-operative workup for patients included a com-
puted tomography scan and esophagogastroduodeno-
scopy. Positron emission tomography and upper gastro-
intestinal series were obtained in selected patients. The
clinical (cTNM), pathologic (pTNM), and post-neoadjuvant
(ypTNM) staging of both squamous cell carcinoma and ade-
nocarcinoma was based on the American Joint Committee
on Cancer 8th edition guidelines for staging cancers of the
esophagus and esophagogastric junction.

The variables evaluated in this study were resection mar-
gin (R0), tumor grade, clinical tumor staging, pathologic
tumor staging, neoadjuvant therapy, post neoadjuvant tu-
mor staging, and lymph node retrieval. Surgical variables
evaluated were length of stay (LOS), estimated blood loss
(EBL), complications classified using the Clavien-Dindo
score, and mortality rates.

RESULTS

There were 82 male patients (82/93 88.2%) and 11 female
patients (11/93 11.8%) with a mean age of 63 years old
(39 – 87 p = 0.64). 76 patients (81.7%) underwent MIE and
17 (18.3%) underwent OE. Of the MIE group, 53 patients
(69.7%) underwent RAMIE and 23 (30.3%) underwent lap-
aroscopic transhiatal esophagectomy.

Seventy-three patients (78.5%) received NAT and 20
(21.5%) proceeded with surgery without NAT. Sixty

Figure 1. Distribution of Tumor Grading.

Figure 2. Distribution of Clinical Tumor Staging.
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patients (78.9%) received NAT in the MIE group and 13
patients (76.5%) received NAT in the OE group (p =
0.822). No statistically significant difference was appreci-
ated in the histological type (adenocarcinoma vs SCC)
between the MIE and OE groups (p = 0.73).

Significantly improved R0 was observed in the MIE group
when compared to the OE group (92% vs 70.6%, p = 0.013).
The most commonly positive margin was the radial margin
in those that were R1 (45%). The average number of lymph
nodes retrieved in MIE (13.43, range 2 – 30) and OE (12.29,
range 3 – 26) was not significantly different between the
two groups (p = 0.529). There was no statistical difference
in the tumor grade (p = 0.12) (Figure 1), cTNM (p = 0.90)
(Figure 2), or pTNM (p = 0.91) (Figure 3) between the MIE
and OE groups. Tables 1 & 2 summarize the above-men-
tioned results.

In terms of operative safety profiles, the only statistically sig-
nificant difference (p-value: 0.00008) was the average EBL
between the MIE and OE groups where the MIE group had
an average EBL of 220.9 mL (range 75 – 700) and the OE
group had an average EBL of 618.8 mL (range 100 – 5000).
The complications rate in the MIE group was 67.1% (51/76)
and 88.2% (15/17) in the OE group with most complications
being a Clavien-Dindo 1 or 2 (70.6% and 60.0% respec-
tively). The complication rate in the R1 group was 45.5% (5/
11) and 74.4% (61/82) in the R0 group with most complica-
tions being a Clavien-Dindo 1 or 2 (100% and 65.6% respec-
tively). There were 2 mortalities in the MIE group and 1
mortality in the OE group. The mortalities occurred on post-
operative days 4, 11, and 27 and were due to the patients’
family wishes to withdraw care after postoperative compli-
cations. All mortalities were from the R0 group. There was
no statistically significant difference between other surgical
parameters. Table 3 summarizes the surgical outcomes of

the MIE and OE groups and Table 4 summarizes the surgical
outcomes of the R1 and R0 groups.

DISCUSSION

This study found MIE to have significantly improved R0
when compared to OE, while maintaining non-inferiority
in other oncologic measures. While some studies have
reported statistically significant improvement in lymph
node harvest in MIE when compared with OE,5–7 no stud-
ies have reported statistically significant improvement in
R0 in MIE when compared with OE.8–10 This would sug-
gest that MIE had superior oncologic outcomes compared

Figure 3. Distribution of Pathologic Tumor Staging.
Table 1.

Summary of Results and Respective p-Values

Variable Open (n = 17) MIE (n = 76) p Value

Pathologic grade 0.128

0 0 (0%) 13 (17%)

1 0 (0%) 7 (9%)

2 8 (47%) 33 (43%)

3 9 (53%) 22 (29%)

4 0 (0%) 1 (1%)

Clinical staging 0.902

X 1 (6%) 0 (0%)

0 0 (0%) 2 (3%)

1 3 (18%) 8 (11%)

2 0 (0%) 6 (8%)

2A 0 (0%) 1 (1%)

2B 1 (6%) 8 (11%)

3 12 (71%) 47 (63%)

4A 0 (0%) 3 (4%)

Pathologic staging 0.913

1 5 (29%) 26 (34%)

1A 0 (0%) 4 (5%)

1B 0 (0%) 7 (9%)

1C 1 (6%) 2 (3%)

2 4 (24%) 10 (13%)

2B 1 (6%) 2 (3%)

3A 1 (6%) 6 (8%)

3B 4 (24%) 15 (20%)

4A 1 (6%) 4 (5%)

R0 Resection 12 (70%) 70 (92%) 0.013

Lymph node retrieval 12.29 13.43 0.529

MIE, minimally invasive esophagectomy.
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to OE. The differences in surgical outcomes between the
MIE, OE, R1, and R0 groups were statistically insignificant
except for the average EBLs of the MIE and OE groups
where the OE group had a higher average EBL. No statisti-
cally significant difference in mortality rates was noted.

The surgical management of esophageal cancer is inher-
ently fraught with dangers as these patients tend to be
quite sick and have other comorbidities on presentation.
The mainstay of treatment of esophageal cancer is esoph-
ageal resection. The advent of neoadjuvant therapy has
significantly improved oncologic long-term outcomes for
patients. The well-established Ivor Lewis esophagectomy
technique was first described in 1946.11 Since then, surgi-
cal techniques have evolved most notably whenCuscheiri
et al. first described the minimally invasive esophagectomy

technique in 1992.12 Eleven years later, the first robotic
assisted minimally invasive esophagectomy was performed
in 2003 by Kernstine et al.13

Ever since the introduction of MIE and RAMIE, there has
been debate about their safety and efficacy. On the one
hand, the incredible magnification enabled by RAMIE
coupled with a stable 3D view offers surgeons unprece-
dented clarity and has enabled the identification of new
previously undescribed structures such as the “meso-
esophagus”, a distinct fascial layer surrounding the esoph-
ageal blood supply and lymphatics.14,15 Additionally, the
precision and accuracy of RAMIE decreases injuries to the
vagal branches of the right and left main bronchus which
improves postoperative pulmonary outcomes.16,17

On the other hand, the steep learning curve associated
with MIE and RAMIE continues to be a source of concern
as duration of surgery, EBL, and oncologic outcomes
appear to be negatively affected during the initial learning
phase.18–20 However, once the learning curve is surpassed,
surgical outcomes are consistently better in MIE and
RAMIE when compared with OE.21,22 Oncologic outcomes
appear to be at least equivalent with a few studies showing
improved oncologic outcomes with MIE and RAMIE.23

The ROBOT trial reported a lower percentage of overall sur-
gery-related and cardiopulmonary complications in the
RAMIE group with lower postoperative pain, better short-

Table 3.
Summary of the Surgical Outcomes of Both Study Groups

Surgical Parameter MIE (n = 76) OE (n = 17) p-Value

Average LOS 10.8 days (range 6 – 48) 13.4 days (range 4 – 31) 0.134

Average EBL 220.9 mL (range 75 – 700) 618.8 mL (range 100 – 5000) 0.00008

Mortality 2 patients* 1 patient* 0.492

Complications 51 (67.1%) 15 (88.2%)

Clavien-Dindo Score 0.247

1 21 (41.2%) 2 (13.2%)

2 15 (29.4%) 2 (3.9%)

3a 2 (3.9%) 1 (6.7%)

3b 3 (5.9%) 1 (6.7%)

4a 8 (15.7%) 3 (20.0%)

4b 0 (0%) 0 (0%)

5 2 (3.9%) 1 (6.7%)

*Mortalities were due to patients’ family wishes to withdraw care after postoperative complications.MIE, minimally invasive esophagec-
tomy; OE, open esophagectomy; LOS, length of stay; EBL, estimated blood loss.

Table 2.
Summary of R1 Margin Location Distribution

R1 Margin
Open
(n = 5)

MIE
(n = 6)

Total
(n = 11)

Radial 1 (20%) 4 (66%) 5 (45%)

Distal 2 (40%) 1 (17%) 3 (27%)

Radial & Distal 1 (20%) 1 (17%) 2 (18%)

Radial, Distal, & Proximal 1 (20%) 0 (0%) 1 (9%)

MIE, minimally invasive esophagectomy.
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term quality of life, and better short-term postoperative func-
tional recovery without compromising oncologic outcomes
when compared with OE.7 Wang et al. performed a retro-
spective pair matched comparative study between MIE and
OE for esophageal SCC. A total of 97 patients undergoing
MIE were compared with patients undergoing OE during
the same period. Significantly less bleeding and shorter LOS
were observed in MIE as compared to OE, but resection
margins and tumor stages were similar.24 The uncompro-
mised oncologic outcomes with MIE were confirmed in this
study while simultaneously demonstrating improved resec-
tion margins. These results are most likely due to the
increased magnification and precision offered by MIE.

The current literature shows MIE to be at least equivalent
to OE in terms of oncologic outcomes and superior in
terms of surgical outcomes. This study is the first of its
kind to show an improved R0 rate with MIE compared to
OE. This would suggest that MIE is better than OE with
regards to surgical oncologic outcomes. The results of this
study reinforce the currently reported MIE oncologic out-
comes while showing improved resection margins.
Consequently, this study supports the use of MIE in the
treatment of esophageal cancer. It is important to note
that learning curves must be considered as they can signif-
icantly affect surgical and oncologic outcomes. Having
said that, MIE continues to have at least equivalent or
improved surgical and oncologic outcomes as compared

to OE when the learning curve is surpassed, and tech-
nique mastery is achieved.

There are a few limitations to this study. First, this is a sin-
gle institution, retrospective, non-randomized study look-
ing at the practice of one surgeon. The sample size is
limited with disproportionate MIE versus OE groups and
disproportionate pathologic stage groups making it diffi-
cult to make a generalized statement. A randomized con-
trol trial with a larger sample size is recommended for
future studies.

CONCLUSION

The improvement in short-term surgical outcomes in MIE
is well established. The current literature shows oncologic
outcomes to be mostly equivalent between MIE and OE.
This study shows that MIE appears to have significantly
improved resection margins when compared with OE.
These results support the use of MIE in the treatment of
esophageal cancer.
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