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Introduction

Esophageal cancer continues to increase in incidence 
worldwide (1-4). In the United States in 2013 there were 
17,990 new cases of esophageal cancer and 15,210 deaths (4). 
The average age at the time of diagnosis continues to rise, 
and men and women are both presenting at an advanced age 
at the time of diagnosis, with a peak incidence between 75 
and 79 years of age (1). The long-term survival for patients 
with locally advanced esophageal cancer remains poor 
despite improvements in multi-modality care over the last 
several decades. The current approach to locally advanced 
esophageal cancer includes neoadjuvant chemoradiation 
followed by surgical resection (5). Traditionally, older 
age has been associated with a presumed frailty and there 
is a concern that the elderly may not be able to tolerate 
the complex treatment regimen now recommended for 

esophageal cancer.
Minimally invasive esophagectomy (MIE), including 

robotic assisted techniques, offer several potential 
advantages over traditional open esophagectomy. MIE 
has been found to result in faster recovery time, shorter 
hospitalization, and diminished post-operative pain. Biere 
et al. demonstrated favorable results for MIE in their open 
label controlled trial in which patients were randomized to 
either open esophagectomy or MIE. They reported patients 
undergoing MIE were less likely to have pulmonary 
infections and had shorter hospital stays compared to 
patients undergoing open esophagectomy (6). Additionally, 
retrospective reviews have demonstrated MIE does not 
compromise oncologic principles and is safe compared to 
traditional open esophagectomy for esophageal cancer 
(7-11). Robotic assisted Ivor Lewis esophagectomy (RAIL) 
is a new technique that allows the surgeon a broader three-
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dimensional view of the operative field with the added 
benefit of improved instrument articulation and motion 
over standard thoracoscopy. 

We have previously described the development and 
implementation of RAIL, however, the specific use of this 
technique in the elderly has not been extensively reviewed (12). 
We sought to evaluate outcomes after RAIL across all age 
groups to determine if this approach is safe in the elderly.

Methods

A retrospective review of all consecutive patients undergoing 
RAIL from 2009 to 2013 was conducted after obtaining 
study approval from our Institutional Review Board. All 
patients regardless of age, race, tumor stage or location, or 
receipt of neoadjuvant therapy were included in the cohort. 
Patients were required to have a tissue diagnosis of cancer, 
but were not excluded based upon histologic variant. Basic 
demographics, tumor characteristics, operative details, and 
post-operative outcomes were recorded. 

The patients were analyzed as an entire cohort and then 
divided into three separate cohorts based upon age. Cohorts 
were defined as follows: cohort 1, ≤49 years old; cohort 2, 
50 to 69 years old; and cohort 3, ≥70 years old. A separate 
analysis was performed evaluating outcomes of the elderly, 
defined as patients ≥70 years of age, compared to those 
patients ≤69 years of age. 

Endpoints and statistical analysis

The primary endpoints were median operating room (OR) 
time, estimated blood loss (EBL), intensive care unit (ICU) 
days following surgery, and length of hospitalization (LOH). 
Secondary end-points included peri-operative adverse 
events (AE) less than 30 days following surgery; including 
pneumonia, cardiac arrhythmia, deep vein thrombosis 
(DVT)/pulmonary embolism (PE), wound infection, leak, 
and death.

Statistical analysis was performed using SPSS® version 
21.0 (IBM®, Chicago, IL, USA). Continuous variables were 
compared using the Kruskal Wallis or the ANOVA tests as 
appropriate. patients Chi-square test was used to compare 
categorical variables. All statistical tests were two-sided and an 
α (type I) error <0.05 was considered statistically significant.

Results

We identified 134 patients (106 men, 28 women) who 

underwent RAIL during the study period. The average 
patient age was 66±10 years (Table 1). Adenocarcinoma 
was the predominant histology and was diagnosed in 115 
(86%) patients. Only 14 (10%) patients had squamous 
cell histology and 5 (4%) patients had other histology. 
Neoadjuvant therapy was administered to 102 (76%) 
patients. All patients underwent a complete resection (R0) 
and the median tumor size was 3.0 (range, 0.1-15.1) cm. 
The median OR time was 407 (range, 239-694) minutes 
with a median EBL of 150 (range, 25-600) mL. There were 
5 (4%) leaks and 2 (1.5%) deaths in the entire cohort.

The patients were divided into three cohorts by age 
for comparison (Table 1). Ten patients were ≤49 years old 
(8 men, 2 women), 67 patients were 50 to 69 years old 
(53 men, 14 women) and 57 patients were ≥70 years of 
age (45 men, 12 women). The only statistically significant 
difference among the cohorts at baseline was the receipt of 
neoadjuvant therapy. Only 65% of patients ≥70 years old 
received neoadjuvant therapy compared to 90% of patients 
≤49 years old and 84% of patients 50 to 69 years of age 
(P=0.03).

There was no significant differences between the three 
cohorts with respect to median or time, ICU days, or LOH 
(P=0.65, P=0.85, P=0.42, respectively, Table 2). There 
was, however, a significant difference in median EBL 
between the three age groups; patients aged 50 to 69 had 
the lowest amount of blood loss [100 (range, 25-400) mL] 
while patients ≤49 and ≥70 had a median EBL of 150 mL 
(range, 50-600 and 50-400 mL, respectively; P=0.004). Re-
admission rates were low at 5.2% and did not vary amongst 
age groups. There were 0 (0%) in the ≤49, 4 (5.6%) in the 
50-69, and 3 (5.7%) in the ≥70 age group P=0.52.

The rate of overall complication after surgery was not 
significantly different among the three cohorts (Table 3). 
Patients ≥70 years old had a higher absolute rate of overall 
complications (35%), although the difference in overall 
complication rate was not significant (P=0.13). Cardiac 
arrhythmias were the most frequent complication and were 
seen in 17 (12.7%) patients. Additionally, there was no 
significant difference in rate of pneumonia (P=0.43), wound 
infection (P=0.51), DVT or PE (P=0.91), leak (P=0.40), or 
death (P=0.91) among the three cohorts. Excluding cardiac 
arrhythmia, the overall rate of complications remained 
low and there was still no statistically significant difference 
between the three cohorts (≤49 years old 10%, 50 to 69 
years old 18%, ≥70 years old 23%; P=0.58).

A separate analysis was done to compare the elderly 
(≥70 years old) to the non-elderly (≤69 years old). The only 
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Table 1 Pre-surgical patient, tumor and treatment characteristics

Characteristics
All patients  

(N=134), n (%)

≤49 years  

(N=10), n [%]

50-69 years  

(N=67), n (%)

≥70 years  

(N=57), n (%)
P value

Mean age (±SD) 66.4±10.1 43.1 62.3 75.3

Mean BMI (±SD) (kg/m2) 27.6±4.8 27.6±4.5 27.6±5.1 27.7±4.6 0.98

Sex 0.99

Male 106 (79.1) 8 [80] 53 (79.1) 45 (78.9)

Female 28 (20.9) 2 [20] 14 (20.9) 12 (21.1)

Race 0.50

Caucasian 126 (94.0) 10 [100] 64 (95.5) 52 (91.2)

Black 6 (4.5) 0 [0] 3 (4.5) 3 (5.3)

Other 2 (1.5) 0 [0] 0 (0) 2 (3.5)

Tumor location 0.16

Cervical 1 (0.7) 0 [0] 0 (0) 1 (1.8)

Upper & mid-thoracic 6 (4.5) 1 [10] 5 (7.5) 0 (0)

Lower thoracic  

& GE junction

109 (81.3) 6 [60] 53 (79.1) 50 (87.8)

Unknown 18 (13.4) 3 [30] 9 (13.4) 6 (10.5)

Tumor histology 0.56

Adenocarcinoma 115 (85.8) 9 [90] 57 (85.1) 49 (86.0)

Squamous 14 (10.4) 0 [0] 7 (10.4) 7 (12.3)

Other 5 (3.7) 1 [10] 3 (4.5) 1 (1.8)

Median clinical tumor  

size (range) (cm) 

3.0 (0.1-15.1) 3.0 (2.0-10.0) 3.0 (0.7-10.0) 2.6 (0.1-9.0) 0.95

Clinical T stage 0.63

1 38 (28.4) 2 [20] 17 (25.3) 19 (33.3)

2 17 (12.7) 1 [10] 9 (13.4) 7 (12.3)

3 67 (50.0) 7 [70] 36 (53.7) 24 (42.1)

4 1 (0.7) 0 [0] 1 (1.5) 0 (0)

Unknown 11 (8.2) 0 [0] 4 (6.0) 7 (12.3)

Clinical N stage 0.19

0 55 (41.0) 3 [30] 24 (35.8) 28 (49.1)

1 56 (41.8) 6 [60] 33 (49.3) 17 (29.8)

2 6 (4.5) 1 [10] 3 (4.5) 2 (3.5)

3 0 (0) 0 [0] 0 (0) 0 (0)

Unknown 17 (12.7) 0 [0] 7 (10.4) 10 (17.5)

Neoadjuvant treatment 102 (76.1) 9 [90] 56 (83.6) 37 (64.9) 0.03*

*, denotes significant P value; SD, standard deviation; GE, gastroesophageal.
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difference in baseline demographics between the two cohorts 
was once again receipt of neoadjuvant therapy (P=0.01) 
(Table 4). Median EBL was higher in the elderly cohort, 
but not statistically significant [100 (range, 25-600) vs. 150 
(range, 50-400) mL; P<0.4]. There was also a trend toward 
longer LOH in the elderly [9 (range, 4-25) vs. 11 (range, 
6-38) days; P=0.23 (Table 5)]. AE and mortality were not 
significantly different, although there was a trend towards 
increased AE (20.8% vs. 35.1%, P=0.06) in the cohort of 
patients ≥70 years of age, again with cardiac arrhythmia 
being the most common. There was a higher rate of cardiac 
arrhythmias in the patients who were ≥70 years old; 7 (9.1%) 
in the ≤ 69 group and 10 (17.5%) in the ≥70 cohort (P=0.15). 
The overall AE rate excluding cardiac arrhythmias was 13 
(16.9%) in the ≤69 cohort vs. 13 (22.8%) in the ≥70 cohort 
P=0.39 (Table 6). Additionally, patients that developed a 
cardiac arrhythmia had a median length of hospitalization of 
1.5 days longer than those who did not, 9 (range, 4-38) and 
10.5 (range, 7-28) days respectively (P=0.07). 

Discussion

We report our series of 134 RAIL cases comparing outcomes 

by increasing age. While the AE rates were higher amongst 
the ≥70 population, this was predominated by cardiac 
arrhythmias and was not statistically significant. When 
accounting for these arrhythmias, overall AE rates were 
no different between cohorts. Additionally, there were no 
significant differences in operative outcomes and LOH 
between the elderly vs. younger cohorts.

Surgical resection is an integral part of the treatment 
algorithm for early stage and locally advanced esophageal 
cancer. Unfortunately, the morbidity associated with 
esophagectomy can be high and is estimated in the literature 
to be between 25% and 50% (2,13,14). Pulmonary and 
cardiovascular complications such as atelectasis, pneumonia, 
and atrial fibrillation, in addition to wound infection, 
anastomotic leak, and chylothorax are among the most 
commonly seen post-operative complications and may 
increase the risk of mortality (13,15). As life expectancy 
increases, the average age at time of diagnosis is expected 
to continue to increase. This trend may have a significant 
impact on the treatment algorithm for elderly patients 
if age alone is determined to be an operative risk factor. 
Given that treatment regimens now call for multi-modality 
approaches including chemoradiation prior to surgery, the 

Table 2 Comparison of surgical and hospital outcomes between age cohorts

Outcomes ≤49 years (N=10) 50-69 years (N=67) ≥70 years (N=57) P value

Median OR time [range] [minutes] 412 [328-573] 400 [239-694] 411 [293-621] 0.65

Median EBL [range] [cc] 150 [50-600] 100 [25-400] 150 [50-400] 0.004*

Median ICU stay [range] [days] 1.5 [1-13] 1 [0-23] 2 [0-30] 0.85

Median length of hospitalization [range] [days] 9.5 [7-21] 9 [4-35] 11 [6-38] 0.42

*, denotes significant P value; OR, operating room; EBL, estimated blood loss; ICU, intensive care unit.

Table 3 Comparison of perioperative complications between age cohorts

Complication ≤49 years (N=10), n (%) 50-69 years (N=67), n (%) ≥70 years (N=57), n (%) P value

Pneumonia 0 (0) 3 (4.5) 5 (8.8) 0.43

Cardiac/arrhythmia 0 (0) 7 (10.4) 10 (17.5) 0.23

DVT/PE 0 (0) 1 (1.5) 1 (1.8) 0.91

Wound Infection 0 (0) 0 (0) 1 (1.8) 0.51

Leak 1 (10.0) 3 (4.5) 1 (1.8) 0.40

Death 0 (0) 1 (1.5) 1 (1.8) 0.91

Overall rate 1 (10.0) 15 (22.4) 20 (35.1) 0.13

Overall rate (excluding atrial fibrillation) 1 (10.0) 12 (17.9) 13 (22.8) 0.58

Patients who had a complication in addition to atrial fibrillation were counted in the overall rate (excluding atrial fibrillation) category.  

DVT, deep vein thrombosis; PE, pulmonary embolus. 
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age of a patient has been called into question further as 
a potential risk factor for poor outcomes after treatment 
for esophageal cancer. The data to support this theory, 
however, is controversial. 

Age has been demonstrated in several studies to 
correlate with higher rates of morbidity and mortality as 
well as worse survival (16-20). In their study of 474 patients 
undergoing esophagectomy between 2002 and 2011, Tapias 
et al. demonstrated an increased risk of morbidity and 
mortality in the elderly. The overall major complication 

Table 4 Pre-surgical patient, tumor and treatment characteristics 
elderly versus non-elderly

Characteristics
≤69 years  

(N=77), n (%)

≥70 years 

(N=57), n (%)
P value

Mean age (±SD) 60±8.1 75±3.6 <0.001*

Mean BMI (±SD) 

(kg/m2)

28±5 28±4.6 0.96

Sex 0.97

Male 61 (79.2) 45 (78.9)

Female 16 (20.8) 12 (21.1)

Race 0.23

Caucasian 74 (96.1) 52 (91.2)

Black 3 (3.9) 3 (5.3)

Other 0 (0) 2 (3.5)

Tumor location 0.07

Cervical 0 (0) 1 (1.8)

Upper &  

mid-thoracic

6 (7.8) 0 (0)

Lower thoracic  

& GE junction

59 (76.6) 50 (87.7)

Unknown 12 (15.6) 6 (10.5)

Tumor histology 0.51

Adenocarcinoma 66 (85.7) 49 (86.0)

Squamous 7 (9.1) 7 (12.3)

Other 4 (5.2) 1 (1.8)

Median clinical 

tumor size  

(range) (cm)

3 (0.7-10) 2.6 (0.1-9) 0.44

Clinical T stage 0.30

1 19 (24.7) 19 (33.3)

2 10 (13.0) 7 (12.3)

3 43 (55.8) 24 (42.1)

4 1 (1.3) 0 (0)

Unknown 4 (5.2) 7 (12.3)

Clinical N stage 0.07

0 27 (35.1) 28 (49.1)

1 39 (50.6) 17 (29.8)

2 4 (5.2) 2 (3.5)

Unknown 7 (9.1) 10 (17.5)

Neoadjuvant 

treatment

65 (84.4) 37 (64.9) 0.01*

*, denotes significant P value; SD, standard deviation; GE, 

gastroesophageal.

Table 5 Comparison of surgical and hospital outcomes between 
elderly versus non-elderly

Outcomes ≤69 years ≥70 years P value

Median OR time  

[range] [minutes]

400  

[239-694]

411  

[293-621]

0.67

Median EBL [range] [cc] 100 [25-600] 150 [50-400] 0.4

Median ICU stay  

[range] [days]

1 [0-23] 2 [0-30] 0.62

Median length of 

hospitalization  

[range] [days] 

9 [4-25] 11 [6-38] 0.23

OR, operating room; EBL, estimated blood loss; ICU, intensive 

care unit.

Table 6 Comparison of perioperative complications between 
the elderly versus non-elderly

Complication
≤69 years 

(N=77), n (%)

≥70 years 

(N=57), n (%)
P value

Pneumonia 3 (3.9) 5 (8.8) 0.24

Cardiac arrhythmia 7 (9.1) 10 (17.5) 0.15

DVT/PE 1 (1.3) 1 (1.8) 0.83

Wound infection 0 (0) 1 (1.8) 0.24

Leak 4 (5.2) 1 (1.8) 0.30

Death 1 (1.3) 1 (1.8) 0.83

Overall rate 16 (20.8) 20 (35.1) 0.06

Overall rate (excluding 

atrial fibrillation)

13 (16.9) 13 (22.8) 0.39

Patients who had a complication in addition to atrial fibrillation 

were counted in the overall rate (excluding atrial fibrillation) 

category. DVT, deep vein thrombosis; PE, pulmonary 

embolus. 
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rate was highest in the cohort over the age of 80 at 62.5% 
compared 47.6% for those 70 to 79 years of age, and 37.2% 
for patients less than 70 years old (P=0.016). Mortality was 
also significantly different, 0.6% for patients less than 70, 
3.2% for those 70 to 79 years old, and 6.3% for the patients 
over age 80 (P=0.032). The majority of these cases were 
performed using an open Ivor Lewis technique (45.7%) 
and only 8% were MIE (19). Similarly, in an analysis of the 
Society of Thoracic Surgeons General Thoracic Database 
by Wright et al. in which 2,315 esophagectomy cases 
were reviewed, the authors found that age, cardiovascular 
disease, diabetes, and smoking were independent risk 
factors on multivariate analysis for increase morbidity and 
mortality (16).

Several other studies, however, have found that when 
adjusted for comorbid conditions, age itself is not a 
predictor of post-operative morbidity (2,21-26). In a review 
of 685 patients undergoing esophagectomy between 1994 
and 2012 at a single institution cancer center, McLoughlin 
et al. found that the only significant predictor of overall 
survival and disease free survival on multivariate analysis 
was neoadjuvant therapy. Age was not found to be a 
significant predictor of adverse outcomes (P=0.66) (2). 
Pultrum et al. also concluded in their analysis of 234 
patients that comorbid conditions, not age, were predictors 
of complications, and they found no difference in rates of 
in-hospital mortality or overall number of complications. 
Additionally, the presence of a comorbid condition, not age, 
was an independent prognostic factor for survival (21). 

Age and comorbid status may have an impact on 
outcomes after open esophagectomy, however, MIE may 
provide a reduction in the risk of complications to this 
patient population. Outcomes after MIE have been well-
studied and found to be equivalent in safety and efficacy 
when compared with open procedures while providing 
shorter hospitalization, reduction in pain and need for 
narcotic medication, and a faster return to normal activity. 
In an early analysis of fifty patients undergoing RAIL at 
our institution, we found that lymph node yield (20.6±9.3) 
and percentage of microscopically negative margins (100%) 
indicated equivalence of robotic to open approach (1).  
In their 3-year results of robotic-assisted transhiatal 
esophagectomy, Dunn et al., achieved a similar lymph node 
yield [20 (range, 3-38)] and a 94.7% R0 resection rate (27). 
A study by Sihag et al. evaluated perioperative outcomes 
in 38 patients undergoing Ivor-Lewis MIE (combination 
of laparoscopy and thoracoscopy) compared to 76 patients 
undergoing open Ivor Lewis esophagectomy. They found 

no difference in adequacy of oncologic outcomes: median 
number of lymph nodes, resection margins, and 60-day 
mortality. The MIE group, however, had a significantly 
reduced risk of developing pulmonary complications and 
were also found to have reduced length of ICU and hospital 
stay (15). 

The robotic approach does require technical expertise 
by the operating surgeon and an OR team familiar with 
the intricacies of using the robot such as set-up, docking, 
and instrument exchange. Efficacy and feasibility of robotic 
surgery for complex esophageal surgery has been evaluated 
and found to offer enhanced three-dimensional visualization 
and advanced articulation with wrist-like motion. The 
potential draw-back to adoption of this technique is the 
steep learning curve required to achieve proficiency 
(27-30). In our experience, there was a significant reduction 
in operative time after completing twenty cases (514 vs. 
397 minutes, P<0.005). During our initial evaluation of 
outcomes after our first 52 cases, we reported one case of 
anastomotic leak, no deaths and the overall complication 
rate was low at (26.9%). However, once the learning curve 
was reached (after 29 cases) the overall morbidity decreased, 
[n=10 (34%) vs. 4 (19%); P=0.07]. Additionally, there were 
no conversions to open thoracotomy and all patients in the 
series received an R0 resection (29).

Age alone has not been definitively proven to contribute 
to worse outcomes for open esophagectomy, and MIE 
has demonstrated reduction in post-operative pulmonary 
complications and shorter hospitalization, however, the 
impact of age on MIE, specifically RAIL, has not been 
thoroughly evaluated. The purpose of this study was to 
demonstrate that RAIL is a safe and reasonable operative 
approach in elderly patients with esophageal cancer. We 
acknowledge the limitations of this study that include the 
retrospective nature of the review. This cohort includes 
all consecutive patients undergoing RAIL at a single 
institution where all procedures were performed by a single 
surgeon thereby minimizing selection bias or variation 
in operative technique or learning curve as a factor in 
analyzing outcome data. 

Conclusions

In our series of 134 patients, we were able to demonstrate 
that RAIL is a safe surgical technique for use in elderly 
patients. This represents the largest series to date with the 
RAIL technique and we demonstrated that elderly patients 
undergoing RAIL do not experience longer operative times, 
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length of time in an ICU or the hospital overall, nor have 
they been shown to suffer increased risk of complication 
or death. When separating the study groups into those 
greater than 70 and those less than 70 years old, there 
were trends toward significant differences in LOH and AE 
although this was related to the increasing incidence of 
cardiac arrhythmias in patients who are older than 70. Close 
monitoring and vigilant post-operative care are required to 
ensure safe outcomes after esophagectomy for all patients 
regardless of age.
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