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Abstract

Objective: Robotic-assisted minimally invasive esophagectomy accounts for a growing
proportion of esophagectomies, potentially due to improved technical capabilities simplifying

the challenging aspects of standard minimally invasive esophagectomy. However, there is limited
evidence directly comparing both operations. The objective is to evaluate the short-term and
long-term outcomes of robotic-assisted minimally invasive esophagectomy in comparison with the
minimally invasive esophagectomy approach for patients with esophageal cancer over a 7-year
period at a high-volume center. The primary end points of this study were overall survival and
disease-free survival. Secondary end points included operation-specific morbidity, lymph node
yield, readmission status, and in-hospital, 30-day, and 90-day mortality.

Methods: Patients who underwent robotic-assisted minimally invasive esophagectomy or
standard minimally invasive esophagectomy over a 7-year period were identified from a
prospectively maintained database. Inclusion criteria were patients with stage | to 111 disease,
operations performed past the learning curve, and no evidence of scleroderma or cirrhosis.

A 1:3 propensity match (robotic-assisted minimally invasive esophagectomy:minimally invasive
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esophagectomy) for multiple clinical covariates was performed to identify the final study cohort.
Perioperative outcomes were compared between the 2 operations.

Results: A total of 734 patients undergoing minimally invasive esophagectomy (n = 630)

or robotic-assisted minimally invasive esophagectomy (n = 104) for esophageal cancer were
identified. After exclusions and matching, a total cohort of 246 patients undergoing robotic-
assisted minimally invasive esophagectomy (n = 65) or minimally invasive esophagectomy (n

= 181) were identified. There was no difference in overall survival (P=.69) or disease-free
survival (P=.70). There were no significant differences in rates of major morbidity: pneumonia
(17% vs 17%, P=.34), chylothorax (8% vs 9%, P=.95), recurrent laryngeal nerve injury (0%
vs 1.5%, P= 1), anastomotic leak (5% vs 4%, P=.49), intraoperative complications (9% vs
8%, P=.73), or complete resection rates (99% vs 96%, P=.68). There was no difference in
in-hospital (P=.89), 30-day (= .66) or 90-day mortality (P = .73) between both cohorts. The
robotic-assisted minimally invasive esophagectomy cohort yielded a higher median lymph node
harvest in comparison with the minimally invasive esophagectomy cohort (32 vs 29, P=.02).

Conclusions: Robotic-assisted minimally invasive esophagectomy may improve
lymphadenectomy in patients undergoing esophagectomy for cancer. Minimally invasive
esophagectomy and robotic-assisted minimally invasive esophagectomy are otherwise associated
with similar mortality, morbidity, and perioperative outcomes. Further prospective study is
required to investigate whether improved lymph node resection may translate to improved
oncologic outcomes.

Graphical Abstract

Page 2

We compared perioperative outcomes between 2 approaches to esophagectomy: RAMIE and MIE.

Keywords
esophageal malignancy; lymphadenectomy; minimally invasive esophagectomy; Robotic-Assisted

Minimally Invasive Esophagectomy

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ekeke et al.

Page 3

Esophageal cancer is the 18th leading cause of cancer and comprises 1% of all new

cancer cases in the United States. The estimated incidence in 2021 by the Surveillance,
Epidemiology, and End Results Cancer Database is that 19,260 people will be diagnosed,
with an estimated 15,530 deaths.! Prompt diagnosis and response to treatment are the
existing challenges for managing patients with esophageal cancer. A total of 20% of
patients present with early-stage disease, whereas 40% of patients present with locoregional
disease.2 Multimodal therapy has been advocated to achieve the highest chance of curative
success in patients with locoregional disease. Despite poor survival (19.9%) at 5 years,

it is important to identify patients with early-stage or locoregional disease and treat
aggressively.! Presently, patients are provided with several treatment options, based on their
comorbidities, frailty index, extent of disease, and performance metrics.

Esophagectomy is a cornerstone of multimodal therapy in selected patients with locally
advanced disease.3 Current approaches include open esophagectomy (OE), minimally
invasive esophagectomy (MIE), and Robotic-Assisted Minimally Invasive Esophagectomy
(RAMIE).4

OE has been associated with a higher incidence of complications, resulting in significant
morbidity and mortality. Postoperative morbidity of OE includes pneumonia (13%),
recurrent laryngeal nerve palsy (6%), and anastomotic leakage (4%), with pulmonary
complications being the most significant factor contributing to postoperative mortality.
Several studies report in-hospital mortality between 1% and 9%, and as high as 29% with
OE.56

Since its inception in the 1990s, the MIE approach has improved on morbidity compared
with OE, while maintaining optimal oncologic outcomes. This approach has been
championed by our group,? resulting in a mortality risk of 1% to 2%, reduced blood

loss, less pain, decreased hospital stay, and decreased overall morbidity. However, there

are significant technical challenges of the conventional MIE.”:8 Although MIE shows
improvements over OE, 2-dimensional views, suboptimal ergonomic positioning, and
restricted range of motion are inherent challenges of the MIE approach contributing to

the long learning curve.® The emergence of the RAMIE approach has significantly improved
these intrinsic technical limitations in MIE through enhanced visualization and dexterity,
tremor filtering, and self-assisting capabilities, while shortening the learning curve.19-14 The
growing popularity of the RAMIE approach has become increasingly widespread because of
these technical modifications while also maintaining sound oncological results, noninferior
perioperative outcomes, and patient safety,15-18

The Robot-assisted minimally invasive thoraco-laparoscopic esophagectomy versus MIE for
resectable esophageal adenocarcinoma trial, an ongoing study, is a randomized controlled
trial that compares patients undergoing RAMIE (n = 109) or MIE (n = 109) for resectable
esophageal adenocarcinoma.1® The study’s primary objective is to study the total number of
resected abdominal and mediastinal lymph nodes specified per lymph node station. There

is otherwise relatively limited literature highlighting the outcome differences between the
RAMIE and MIE approaches.20:21
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We conducted this retrospective study to evaluate the short-term and long-term outcomes of
RAMIE in comparison with the MIE approach for patients with esophageal cancer over a
7-year period at a high-volume center.

MATERIALS AND METHODS

Study Design

Patients

End Points

This retrospective cohort study included patients with esophageal cancer who underwent
MIE and RAMIE. Patients were staged according to the 8t edition of American Joint
Committee on Cancer and the International Union for Cancer control TNM system for
esophageal cancer. This study was approved by the University of Pittsburgh Institutional
Review Board (Number: STUDY2005005S, approved September 30, 2020). Informed
written consent was waived by the Institutional Review Board/Research Ethics Board.

A total of 734 patients with clinical stage T1a-T4, N0-3, MO underwent elective RAMIE (n
= 104) or MIE (n = 630) with curative intent over a 7-year period (2014-2021). Inclusion
and exclusion criteria are displayed in Figure 1. All patients with isolated malignancy of

the gastric cardia were excluded. All operations were performed by experienced esophageal
surgeons past the learning curve of these operations. Greater than 20 RAMIE cases were
performed independently per surgeon for RAMIE data inclusion. We previously described
the technical aspects of the RAMIE.12:22.23 \jideo reference can be viewed in the description
by Okusanya and colleagues.24

The primary end points of this study were overall survival (OS) and disease-free survival
(DFS). OS was calculated from the date of surgery to the date of death or last follow-up.
DFS was calculated from the date of surgery to recurrence, death related to disease, or last
date of follow-up. An anastomotic leak is classified on the basis of evidence of saliva, stool,
bile or positive amylase per chest drainage, radiographic sign of leak (barium esophagram
or computed tomography scan), or endoscopic assessment of dehiscence.25 Anastomotic
leak classifications for this study were used according to the Pittsburgh leak scale: grade

1: radiographic leak only, requiring no intervention; grade 2: leak (<10% of circumference)
requiring cervical or percutaneous drainage; grade 3: disruption of anastomosis (10%-50%
circumference) with perianastomotic abscess and associated pleural or mediastinal collection
thoracoscopic surgery or thoracotomy; and grade 4: gastric tip necrosis with anastomotic
separation (>50% circumference).25

Secondary end points included operation-specific perioperative morbidity (pneumonia, atrial
arrhythmia, chylothorax, recurrent laryngeal nerve paralysis, and anastomotic leakage).
Intraoperative complications, duration of the operation, completeness of resection, lymph
node harvest status, and latency period between induction therapy and surgery were
recorded. Additionally, we recorded 30-day readmission, hospitalization interval, in-hospital
mortality, and mortality at 30 days and 90 days.
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Analysis

To ensure that both the treatment and control groups were balanced before analyses,

a propensity score match was used. A propensity score is the probability of use of

an intervention compared with nonuse.26 Baseline variables comprising the logistic
regression model included age, body mass index, clinical tumor stage, clinical T category,
Eastern Cooperative Oncology Group Performance Status, Charlson Comorbidity index,
gastroesophageal reflux disease, American Society of Anesthesiology score, clinical N
category, neoadjuvant treatment, drug use, gender, family history, and smoking status
(Tables 1 and 2). The propensity score was then used to perform a 3:1 match with the

MIE and RAMIE groups. A greedy matching algorithm was used to find the best possible
matches, and the matching caliper was set at 0.2 of the standard deviation of the logit of the
PS.27.28 Standardized mean differences are shown in Tables 1 and 2. Values less than 0.1 are
indicative of a good balance between the 2 groups.

We described the participant characteristics in each of the groups using descriptive statistics
(proportions, median, and range). Continuous variables were analyzed using Wilcoxon
signed-rank test, and categorical variables were analyzed using chi-square or Fisher exact
tests. SAS version 9.2 (SAS Institute, Inc) was used for the analyses.

RESULTS

A total of 734 patients with operable esophageal malignancy were included in the match,
identifying a final study cohort of 246 patients after matching (RAMIE, n = 65; MIE, n =
181). Clinical and demographic variables are presented in Tables 1 and 2.

There was no statistical significance for OS (£ =.69) or DFS (£ =.70) (Figures 2 and 3).
The probability of OS at 5 years was 50% and 40% for RAMIE and MIE, respectively. At
5 years, the probability of DFS was 55% and 25% for RAMIE and MIE, respectively. The
median survival after resection was 14.1 months for the overall cohort, 16.4 months for the
RAMIE cohort, and 13.8 months for the MIE cohort (P =.49).

Postoperative morbidity was comparable, with no significant difference among rates of
pneumonia (MIE 16.6% vs RAMIE 17.0%, P=.34), atrial arrhythmia (P =.19), chylothorax
(P=.95), recurrent laryngeal nerve paralysis (P= 1), and intraoperative complications (#
=.73). Anastomotic leak rate was 15.9%, with grade 1 and 2 leaks at 11.8% (P = .14) and
grade 3 and higher at 4.1% (P = .49) for the combined approaches (Table E1). Specifically,
grade 3 (or greater) anastomotic leakage for each cohort was 3.9% for MIE versus 4.6% for
RAMIE (P=.49). There was no statistical difference in in-hospital (3.3%, £ =.89), 30-day
(2.6%, P=.66) or 90-day mortality (2.6%, P=.73), or length of stay (8 days, 2= .31)2°
(Table 3).

Operative times were comparable (P = .86), and estimated blood loss was 200 mL in both
cohorts (P=.19). The latency period between neoadjuvant therapy and surgery was 6.5 and
6 weeks (P =.35) for MIE and RAMIE, respectively. The median intensive care unit length
of stay was 3 days for the MIE cohort and 2 days for the RAMIE cohort (P = .86).
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RO resection was achieved in 162 patients (96.4%) in the MIE cohort in comparison with
64 patients (98.5%) in the RAMIE cohort (P=.68) (Table 4). The McKeown approach was
performed in 3 patients in the MIE cohort, and all patients in the RAMIE cohort underwent
the Ivor Lewis approach. Open abdominal conversion was performed in 9 patients in the
MIE cohort and 3 patients in the RAMIE cohort (P=.74). Open thoracic conversion was
performed in 6 patients in the MIE cohort and 3 patients in the RAMIE cohort (P = .87).

Tumor type was comparable (P=.75) (Tables 1 and 2), but the number of harvested lymph
nodes was statistically different between the 2 cohorts, with a higher median lymph node
yield in the RAMIE cohort (32 lymph nodes) than in the MIE cohort (29 lymph nodes) (P=
.02) (Table 4).

DISCUSSION

In this study, we compared perioperative and survival outcomes in propensity-matched
RAMIE (n = 65) and MIE (n = 181) cohorts. We concluded that perioperative morbidity,
DFS, and OS are comparable between RAMIE and MIE.

Our conclusion does not widely vary from previous comparative studies of RAMIE and
MIE. Zhang and colleagues®® performed a propensity score-matched analysis between
MIE and RAMIE and demonstrated comparable early outcomes between the 2 approaches.
The group matched for demographics, American Society of Anesthesiology score, tumor
location and size, and pathological stage. Sarkaria and colleagues3! compared OE (n = 164)
and RAMIE (n = 64), and concluded there was equivalent RO resection (97.2% vs 96.9%),
but reduced morbidity. Reduced blood loss (250 vs 350 mL, £<.001), pulmonary sequalae
(14% vs 34%, P=.014), infectious complication (17.2% vs 38%, P=.029), and intensive
care unit admissions (P = .03) were found in the RAMIE arm. Mortality was unchanged

at 30 or 90 days between the 2 groups. van der Sluis and colleagues?! compared OE (n
=56) and RAMIE (n = 56), showing favorable outcomes for RAMIE in comparison with
OE, particularly significantly reduced blood loss (400 vs 568 mL, A< .001) and a lower
percentage of pulmonary complications (32% vs 58%, P = .005), infectious complications
(4% vs 14%, P=.09), and cardiac complications (22% vs 47%, P =.006). In addition, a
lower mean postoperative pain (visual analog scale, 1.86 vs 2.62; P< .001) was reported.
Short- and long-term oncological outcomes were comparable at a medium follow-up of 40
months, as well as 30-day and 90-day mortality. Quality of life studies have also shown
improved patient-reported outcomes and quality of life metrics (Functional Assessment of
Cancer Therapy-Esophageal and Esophageal Cancer Subscale scores) and less pain severity
with the RAMIE approach in comparison with OE.32

Our study revealed a significant improvement in lymph node harvest in the RAMIE arm.

A median of 32 lymph nodes were harvested in the RAMIE cohort in comparison with

a median of 29 removed lymph nodes in the MIE cohort (P=.02). The potential role of
increased lymph node harvest as an indicator of locoregional tumor control and OS is largely
undetermined. Our group identified improved survival in increased lymph node yield (>15
nodes, n = 537) in patients with a pathological complete response after induction therapy
and esophagectomy.33 Peyre and colleagues34 concluded that the lymph node yield was
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an independent predictor of survival in a study of 2302 patients after esophagectomy for
esophageal malignancy. Furthermore, a meta-analysis by Visser and colleagues3® including
26 studies in a pooled analysis demonstrated a benefit of increased lymph node yield on

OS (hazard ratio, 0.81; 95% confidence interval, 0.74-0.87; £<.01) and DFS (hazard ratio,
0.72; 95% confidence interval, 0.62-0.84; P< .01). The Robot-assisted minimally invasive
thoraco-laparoscopic esophagectomy versus MIE for resectable esophageal adenocarcinoma
trial is an ongoing randomized trial that will compare MIE and RAMIE for operable
esophageal malignancy. The authors postulate a higher lymph node harvest in the RAMIE
approach in comparison with the MIE approach, but this has yet to be confirmed.1® Weksler
and Sullivan36 showed similar median survival and 90-day survival but higher lymph node
yield in the RAMIE cohort in comparison with the MIE cohort in an unmatched study.
Espinoza-Mercado and colleagues®’ performed a 1:1 propensity match with RAMIE, MIE,
and OE, and showed no statistically significance in OS and 30-day or 90-day mortality
among the 3 cohorts. Lymph node yield was higher in the minimally invasive approaches
when compared with OE, but similar between MIE and RAMIE (6 nodes and RAMIE: 17
nodes, P=.18).

The propensity-matched study by van der Werf and colleagues®® showed no difference in
3-year survival after comparing patients with less than versus greater than 15 harvested
lymph nodes (n = 992 for each cohort). Furthermore, after retrieval of at least 10, 20, or

30 lymph nodes, there was no improvement in survival compared with patients with fewer
lymph nodes. However, increased lymph node harvest (=15 lymph nodes) was associated
with more accurate pathological staging. Several of these studies did not specify the surgical
approach.

Study Limitations

Although partially mitigated through propensity matching, our study is subject to the
limitations of a retrospective analysis, which include time and selection bias, and
nonprospective or nonrandomized data collection. Furthermore, our study was conducted in
a high-volume academic center of excellence with significant experience in these operations,
the results of which may or may not be translatable to other clinical practice settings.

CONCLUSIONS

Our study suggests that RAMIE may improve lymph node retrieval over MIE in

patients undergoing esophagectomy for cancer (Figure 4). The morbidity, mortality, and
perioperative outcomes otherwise appear to be comparable. Additional studies are needed
to determine any putative impact on cancer-specific survival and recurrence rates potentially
due to improved lymphadenectomy in these operations.
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CENTRAL MESSAGE

Robotic-assisted MIE (RAMIE) yields a higher lymph node harvest than conventional
MIE with comparable morbidity and mortality rates.

PERSPECTIVE

Minimally invasive techniques for esophagectomy have been adopted to reduce
associated morbidity in comparison with the open approach. The technical challenges
of the traditional MIE are diminished with RAMIE, but comparative outcomes are
limited. The RAMIE approach has been shown to be safe with comparable short-term
and long-term outcomes compared with the conventional MIE approach.
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2014-2021 | 104 patients that underwent RAMIE | | 630 patients that underwent MIE

23 patients with clinical evidence
of metastatic disease
9 patients with evidence of cirrhosis
2 patients underwent bipolar exclusions
4 patients aged older than 87 years
4 patients underwent a hybrid procedure

3 patients with clinical evidence of
metastatic disease
1 patient with evidence of cirrhosis <
17 cases performed by surgeons on the
learning curve

Y
Before matching | 83 patients that underwent RAMIE | | 588 patients that underwent MIE
\ Match (1:3) \
- 65 patients included in the RAMIE 181 patients included in the MIE
After matching : .
comparison arm » comparison arm

FIGURE 1.
Methodology approach for the propensity match. RAMI/E, Robotic-Assisted Minimally

Invasive Esophagectomy; M/E, minimally invasive esophagectomy.
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Overall Survival after Esophagectomy
(RAMIE vs MIE)

—

o

o
1

~
&)
1

Survival Percentage
(62
o
1

25 4
P-Value = .69
0 L ] T T ] |
0 1 2 3 4
Years
Number at risk

MIE 173 100 43 27 12
RAMIE 64 36 19 10 0

95% ClI 95% Cl

— MIE — RAMIE

FIGURE 2.
OS was comparable between the 2 surgical approaches (P =.69). RAMIE, Robotic-

Assisted Minimally Invasive Esophagectomy; M/E, minimally invasive esophagectomy; CJ,
confidence interval.
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Disease Free Survival after Esophagectomy
(RAMIE vs MIE)

—

o

o
1

~
(61
1

Survival Percentage
a1
o
1

25 1
P-Value = .70
o L T T T T T
0 1 2 3 4
Years
Number at risk

MIE 159 93 40 24 12
RAMIE 63 35 17 10 0

95% ClI 95% ClI

— MIE — RAMIE

FIGURE 3.
DFS was comparable between the 2 surgical approaches (P=.70). RAMIE, Robotic-

Assisted Minimally Invasive Esophagectomy; M/E, minimally invasive esophagectomy; CJ,
confidence interval.
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Comparison of Robotic Assisted Minimally Invasive Esophagectomy vs. Minimally Invasive

Esophagectomy: A Propensity Matched Study from a Single High-Volume Institution

Study Population Results Conclusion
Before matching
RAMIE MIE Primary Endpoint: RAMIE results in higher lymph
n =105 n =602 There was no statistical significance node yield, in

for overall comparison to MIE.
survival or disease-free survival.

Secondary Endpoint:

There was no significant difference in perioperative
morbidity rates (pneumonia, atrial arrythmia,
chylothorax, recurrent laryngeal nerve paralysis,
grade 3 anastomotic leakage, or 30-day readmission).

There was significantly higher
lymph node harvest in
the RAMIE-cohort (P = .02).

After matching
RAMIE
n =65

FIGURE 4.
The increased lymph node yield harvest in the RAMIE cohort in comparison with the MIE

cohort. RAMIE, Robotic-Assisted Minimally Invasive Esophagectomy; M/E, minimally
invasive esophagectomy.
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