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Introduction

The use of robot-assisted technology in general surgery is 
dramatically increasing. This may be due to the increasing 
worldwide distribution of robotic systems and the associated 
increased experience of surgeons using them. On the 
other hand, the technical development of the systems with 

advanced instrumentation has favored their use in complex 
visceral and thoracic surgical procedures (1). Transthoracic 
e sophagea l  surgery  i s  among the  most  complex 
minimally invasive surgical procedures, and especially 
the reconstruction phase with gastric interposition and 
esophagogastric anastomosis is currently a highly debated 
part of the surgical procedure (2). 
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One possibility to diminish the complexity of a 
minimally invasive procedure is the use of hand-assisted or 
hybrid approaches (3,4). Another more recent approach is 
the division of complex procedures into different modules 
and to perform a step-by-step approach to a complex 
procedure (5). This has been first proposed for trainees in 
open pancreatic surgery, but this idea has also been used in 
laparoscopic and lately in the implementation process of 
robotic technology to complex procedures (6).

In the recent past, a considerable number of reports 
were published on anastomotic techniques and early 
postoperative results of robotic esophageal surgery (2). In 
particular, the techniques for the esophagogastrostomy 
are reported to involve a variety of non-standardized 
techniques. Some surgeons use a robot-assisted manual 
hand-sewn technique or a linear-stapled side to side 
esophagogastrostomy or interestingly more rarely the 
standardized circular stapled esophagogastrostomy, even if 
this technique is among the most commonly performed and 
most standardized technique in open esophageal surgery 
(2,4,7,8). 

Our center was among the contributors to a recently 
published report on standardization of the robotic assisted 
Ivor-Lewis procedure including 7 large German academic 
centers (9). From the initial implementation of robotic 
technology in our department, we followed a strict 
modular approach to finally perform a fully robotic assisted 
transthoracic esophagectomy. The purpose of this paper is 
to present this modular approach to robotic assisted Ivor-
Lewis esophagectomy with a standard circular-stapled 
anastomosis.

Methods

Patients who undergo esophagectomy for esophageal cancer 
in our high-volume center (n>300 upper gastrointestinal 
surgeries per year) are entered into our prospectively 
maintained database. This study includes data from March 
2017 to December 2018. All patients who underwent 
robotic surgery on our modular pathway to robotic 
esophagectomy were included in this present study after 
approval from our institutional review board.

Demographic data, endoscopic findings, and tumor 
histology and stage were recorded. Complications were 
classified according to Dindo-Clavien. 

We defined five different key steps (modules) of the 
complex operation. A step-up was only performed if the 
operating surgeon felt safe to do so and if operative time 

of the previously performed module was comparable to a 
standard open or laparoscopic/thoracoscopic case.

Treatment pathway of patients with resectable esophageal 
cancer 

Treatment of patients with esophageal cancer is undertaken 
in accordance with national and international guidelines 
(10-13): patients with esophageal cancer in our national 
center of excellence undergo routine staging including but 
not limited to endoscopy, endoscopic ultrasound, CT-scans 
(thorax and abdomen) as well as pulmonary function testing 
with spirometry. Additionally, bronchoscopy is performed in 
squamous cell cancer patients to rule out tracheobronchial 
infiltration. 

E a r l y  m u c o s a l  c a r c i n o m a s  m a y  b e  r e s e c t e d 
endoscopically, advanced cT1b and cT2NxM0 cancers 
should be treated surgically. cT3 stage esophageal cancers 
or resectable higher stages, including node positive cT2 
stage, are treated in a multimodal setting with neoadjuvant 
chemotherapy (FLOT) or chemoradiation (CROSS). 
Non resectable cases undergo palliative definitive 
chemoradiation. Restaging after neoadjuvant treatment 
includes gastroscopy and CT-scans. The surgical resection 
is performed 4 to 6 weeks after neoadjuvant treatment as a 
standardized Ivor-Lewis procedure with a high intrathoracic 
esophagogastrostomy after two-field lymphadenectomy (14).  
The standard surgical procedure in our institution is 
a hybrid Ivor-Lewis esophagectomy (abdominal part 
performed laparoscopically, thoracic part performed open). 
Our hybrid procedure has been described before (15). We 
perform an intense preoperative risk scoring and assessment 
before surgery (16,17). This preoperative risk management 
produces an ultra low in-hospital mortality rate after 
esophagectomy of around 1.5% also including high risk 
patients over the last years. If patients are classified as low 
risk patients in this risk assessment, we offer the patients a 
totally minimally invasive procedure. Since 02/2017 we have 
access to a da Vinci XI system that is used for this purpose. 

Technique description—abdominal phase
Our robotic technique has been adapted and modified from 
colleagues from Mainz and Utrecht (7,18). The laparoscopic 
gastric mobilization (gastrolysis) is the most common 
laparoscopic procedure performed in our department, also 
performed by fellows and surgical trainees. Due to this 
standardization and high performance level, this phase 
of the operation is hard to improve from an oncological 
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standpoint as well as operative speed. Therefore, we often 
maintain this technique even in the robotic era. 

The following steps for the creation of the gastric 
conduit are performed in a standardized fasion: the 
surgery is performed with the patient in French and anti-
Trendelenburg position. Our trocar placement is shown in 
Figure 1. The liver is elevated with a 5 mm cuschieri retractor 
through the right 5 mm trocar, which is fixed to the OR 
table. The scope is inserted through the upper subxiphoidal 
5 mm trocar (45 degrees angled scope, 5 mm Stryker ICG) 
or 8 mm robotic trocar (45 degrees angled scope, 8 mm 
intuitive ICG). The hiatal dissection is performed without 
opening the right pleura whenever possible. We continue 
the procedure with the D2 lymphadenectomy along the 
hepatic ligament, the hepatic artery and the celiac trunk 
which will be extended from the lesser curvature along to 
the splenic artery. The greater curvature is dissected, starting 
from the corpus region beyond the epiploic vessels toward 
the left crus of the diaphragm; here we leave a part of the 
greater omentum at the region just below the spleen for a 
later omentum wrap covering the anastomosis. The stomach 
is dissected on the Crowfoot region, where the tri-stapler 
[Endo Gia (Covidien)—violet, 45 mm] is applied to do the 
first bite for the later gastric sleeve. The gastric conduit is 
completed with at least two additional Endo Gia 60 mm 
violet stapling magazines. Indocyanine green (ICG) can be 
used in combination with the da Vinci Xi and Stryker system 
to identify the gastroepiploic vessels via fluorescence. 

Technique description—thoracic phase
The thoracic phase is when the robotic potential becomes 

evident. The dissection of lymph nodes especially in the 
carina region can be performed extremely radical and 
controlled. Our trocar placement and anastomotic set up 
is shown in Figure 2. The patient is bedded in a left lateral 
semiprone position with the right lung not ventilated. 
The robot is docked from the patient right side resulting 
in a view from the left, comparable to the assistants view 
in an open Ivor Lewis case. Our standardized steps of the 
operation remain unchanged. For dissection, the monopolar 
cautery hook is used, starting the dissection from the 
pulmonary ligament upward along the pericardial layer 
toward the azygos vein, which is stapled with a tri-stapler 
[Endo Gia (Covidien)—gold, 45 mm]. The thoracic duct is 
always dissected and clipped with 2 polymer clips (Grena 
Click'aV®). The subcarinal esophagus is dissected along the 
pericardium as well as from the aortic side. The esophagus 
does not need to be looped in all cases, as the triangulating 
robotic instruments allow for enough traction and counter-
traction. The dissection of the carinal, retrotracheal, and 
paratracheal tissue can be performed extremely radical 
and controlled leaving the vagal and recurrent nerves 
without damage. A monofilament purse string suture is 
then performed robotically, and the gastric conduit is 
brought into the right thorax after opening the hiatus 
into the abdominal cavity. A variation of this technique 
is an esophagogastric anastomosis using the orvil system 
(Covidien). One 12-mm assistant trocar is then removed, 
and this incision is extended to a mini thoracotomy with a 
standardized length of 7cm. An Alexis S Wound Protector/
Retractor (Alexis Laparoscopic System, Applied Medical) is 
inserted. The stapler head is inserted and sutured into the 
esophageal stump using the prepared purse string suture 
using the robotic instruments (Figure 3A,B). The set-up 
can be seen in Figure 2. A second purse string suture may 
be placed. The da Vinci Xi system is then disconnected, 

Figure 1 Abdominal Trocar placement.

Figure 2 Thoracic Trocar placement and anastomotic set-up.
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and the camera is held by hand by the assistant similar 
to conventional thoracoscopy. The surgeon then luxates 
the transected esophagus out of the chest. The conduit is 
completed using an Endo GIA (Covidien) and a various 
amount of stapler loads. The specimen is removed via the 
minithoracotomy. The circular stapled esophagogastric 
anastomosis is then performed as depicted on Figure 2 using 
a circular stapler (25 or 28 mm) inserted through the minor 
curvature of the stomach. The omentum wrap may be used 
to cover the anastomosis and we always perform a quality 
control using ICG (Figure 4).

Follow up
Patients who underwent surgery for esophageal cancer are 
subsequently followed with routine check-ups performed in 
our outpatient clinic. Even if not required by national and 
international guidelines for esophageal cancer, we routinely 
follow a specific scheme for this follow-up program, 
including physical examination, blood samples and tumor 

markers as well as endoscopic evaluations and CT-scans 
at specific time points. During a 5-year follow-up period, 
typically 7 endoscopies and 7 CT scans are performed. 

Data collection and statistical analysis

Data were collected prospectively, including but not 
limited to, patient demographics, operative and oncologic 
parameters, conversions, intraoperative complications, 
postoperative complications, readmissions, length of 
hospital stay, mortality, and reoperations. Our main 
outcome of measure was the definition of modules for 
a safe introduction of a new technology to a complex 
procedure. The incidence of in hospital mortality following 
esophagectomy was also recorded and compared to our 
benchmark population that was not operated using the 
surgical robot. Continuous variables are presented as means 
and range. Categorical data are presented as numbers and 
percentages. The Student t test (for continuous variables) 
and Chi Square test (for nominal or categorical variables) 
were used for all bivariate analyses. All tests were 2-sided, 
with statistical significance set at P≤0.05. Data were 
analyzed by Stata 11.0 (StataCorp., College Station, TX).

Results

As derived from previous reports in other surgical fields, 
the following modules were defined before surgical 
implementation of the new technology. Two prep modules 
were established in our case, as the da Vinci Xi robot 
was at that time a new device in our hospital. The six 
esophageal modules divide the approach to robotic assisted 
esophagectomy into straightforward and manageable steps 
that should not take more than 1–2 hours, depending on 

Figure 3 Robot assisted standard circular anastomosis.

Figure 4 Esophagogastrostomy, ICG quality control. ICG, 
indocyanine green.
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proficiency level. 
Definition of modules and modular approach:
(I) Prep module: simulation, inanimate and animate 

training;
(II) Prep module: simple training procedures with 

increasing difficulty (robotic cholecystectomy, 
fundoplication);

(III) Esophageal module: abdominal phase (gastric 
mobilization);

(IV) E s o p h a g e a l  m o d u l e :  t h o r a c i c  d o c k i n g , 
thoracoscopy, f irst  steps of dissection and 
lymphadenectomy;

(V) Esophageal module: esophageal dissection, division 
of azygos vein;

(VI) Esophageal module: paracarinal lymphadenectomy;
(VII) E s o p h a g e a l  m o d u l e :  h i g h  i n t r a t h o r a c i c 

lymphadenectomy and high intrathorac ic 
esophageal transection;

(VIII) Esophageal module: esophagogastric anastomosis.
A total of 70 patients (9 females) fulfilled inclusion 

criteria to our study. On our modular pathway, we 
completed a total of 30 cases in prep module 2, mainly 
cholecystectomies (n=6) and benign esophageal cases (n=19). 
This resulted in a good proficiency level for two esophageal 
surgeons to feel comfortable with the robotic technology 
and to safely perform benign esophageal cases with an 
acceptable OR time. A total of 41 patients underwent upper 
gastrointestinal cancer surgery. Two patients underwent 
(transhiatal extended) gastrectomy, 39 patients underwent 
Ivor Lewis esophagectomy, using the robot for the 
abdominal and/or the thoracic phase. Of these patients, 38 
underwent neoadjuvant treatment (92.7%) due to clinically 
advanced cT3 cancer. Esophageal adenocarcinoma was 
present in 34 cases. Mean length of stay was 16 days (range, 
12–52 days). All patients underwent an R0 resection. One 
patient died due to pulmonary dysfunction and severe 
ARDS on the ICU (in-hospital mortality 1/41=2.4%). 
This patient underwent surgery in the first set of 10 
patients and therefore had an open reconstruction phase 
(esophageal modules 1–3 were performed in this patient). 
Mean OR time of the first 10 cases was 7:25 hours (range, 
6:21–10:40 hours), mean OR time of the last 10 cases was 
6:43 hours (range, 5:16–8:06 hours). This difference was 
not statistically significant. The detailed demographic and 
oncologic information of all patients with esophageal cancer 
can be found in Tables 1-3. There were no intraoperative 
complications and no unplanned conversions to open 
surgery. Two surgeons were able to sequentially train and 

perform a completely robotic transthoracic esophagectomy 
using this modular approach. A total of 10 cases per surgeon 
were necessary to complete all modules in one case.

Discussion

The modular step up approach allowed us to introduce 
a complex new device to clinical practice without quality 
compromises in 41 patients with esophageal cancer. Using 
this approach and having two robotic daVinci Xi consoles 
in our OR setup allowed for a significant reduction of 
the learning curve that we faced with new devices or 
techniques in the past. Even if there was a tendency of a 
reduction of 43 min of OR time to the end of this series, 
there was no significant difference when comparing the 
first set of robotic assisted surgeries to the last set in our 
cohort. This shows how effective the modular approach 
is and how minimal the effect of the learning curve is for 
the patient. One Dindo-Clavien V complication in the 
postoperative course was likely unrelated to the robotic 
approach as the entire reconstruction phase was performed 
open in this early patient set (first 10 cases). Nevertheless, a 
critical discussion of reasons for every severe complication 
is the routine in our M&M conference. It is too early to 
statistically compare the complication rate in this early case 
series with our standardized hybrid approach (laparoscopic 
gastrolysis—open transthoracic esophagectomy), but for the 
moment the mortality in this present series does not seem 
to differ significantly from mortality in our benchmark 
population (1.5%). 

Some points of criticism regarding this used new 
technology need to be addressed in this manuscript. When 
introducing a new technology as few compromises as 
possible should be present. The robotic technology allows 
for excellent triangulation and allows for probably even 
more precise surgery than in an open or laparoscopic/
thoracoscopic case, especially in narrow anatomic regions. 
Nevertheless, the robotic instrumentarium is currently very 
limited, especially regarding sealing devices for fast and 
accurate dissection. Hopefully more precise devices will 
be developed, maybe the upcoming new robotic platforms 
will also provide better instruments. This limitation leads 
to a compromise: we and most other robotic esophageal 
surgeons use monopolar energy for the most part in the 
thoracic phase, whereas we do not do this in an open/
thoracoscopic case (4,7,18).

Grimminger et al. reported recently results after 
their first 25 robotic assisted esophageal resections after 
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Table 1 Demographics

Variable Value

Patients 39

Age 63.7 [46–79]

Sex, n (%)

Male 30 (76.92)

Female 9 (23.08)

BMI 25.04 (18–33.9)

Esophageal cancer, n (%)

AdenoCa 34 (87.18)

SquamousCa 5 (12.82)

CROSS, n (%) 25 (64.10)

FLOT, n (%) 11 (28.21)

No therapy, n (%) 3 (7.69)

Hospital stay (d) 19.33 [12–52]

OR time (h) 07:08 (05:16–10:40)

The data are shown as n (%) or mean (range). AdenoCa, ade-
nocarcinoma; SquamousCa, squamous cell carcinoma; FLOT, 
chemotherapy; CROSS, chemoradiation.

Table 2 Pathological tumor staging

Variable n (%)

Patients 39

R0 39 (100.00)

T0 5 (12.82)

T1a 3 (7.69)

T1b 7 (17.95)

T2 6 (15.38)

T3 17 (43.59)

T4a 1 (2.56)

N0 20 (51.28)

N1 7 (17.95)

N2 6 (15.38)

N3 6 (15.38)

M0 38 (97.44)

M1 1 (2.56)

Table 3 Dindo-Clavien stratification

Variable n (%)

Patients 39

0 6 (15.38)

I 4 (10.26)

II 0 (0.00)

IIIa 19 (48.72)

IIIb 6 (15.38)

IVa 3 (7.69)

IVb 0 (0.00)

V 1 (2.56)

implementing the robotic system to their hospital (19). 
In concordance with our report they conclude that the 
introduction of the robot can be done without quality 
compromises when compared to hybrid or laparoscopic/
thoracoscopic cases. No modular approach is reported 
in this paper, but a learning curve cutoff of 16 cases is 
reported for one surgeon. It is interesting to compare this 
when looking at our data, as no clear learning curve exists 
when looking at OR time using our modular approach. 
As mentioned in our results section, 20 out of our 41 
robotic cases were performed just in stepwise modules by 
two surgeons, with increasing complexity but without a 
dramatically increased OR time when compared to our 
standard approach. So when looking at cases needed to gain 
proficiency in totally minimally invasive esophagectomy, 
our approach seems to be comparable or even more 
effective (n=10) than in the previously reported series, 
where learning curve cutoffs up to 40 cases in terms of 
OR time are reported (20,21). Overall, the OR time in our 
collective is comparable to other reports using the same 
approach. When compared to our standard technique in 
our benchmark population, we face an increase of around 
60 min at this time.

When looking at in-hospital mortality we are luckily 
facing an extremely low rate in our cohort. As reported 
earlier, the mortality in the present series was 1/41=2.4% 
and 1.5% in the benchmark population at our institution. 
Mortality in smaller centers has been reported to be still 
higher than 10% in recent series (22,23). We recently 
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performed an analysis of the nationwide inpatient sample 
in the United States and found an overall mortality rate of 
7.7% for the period of 1998–2011 (16). Birkmeyer even 
reported mortality rates exceeding 20% for smaller centers 
in 2002 (24). On the other hand, high volume centers such 
as ours are able to drop this rate even below 1%, also using 
minimally invasive techniques (25). We reported this very 
strong effect of hospital volume on in-hospital mortality 
analyzing more than 24,000 cases too (23). 

The use of the presented technique reveals the robotic 
advantages. The precise dissection is one fact, in addition 
the reconstruction is not changed compared to open and 
compared to most robotic approaches by using a “robotic 
hand-sewed” method. This allows for a maximum of 
standardization in minimally invasive esophagectomy which 
has already been stated by our coworkers (18). A modular 
approach has been described for other specialties but also 
for open surgery and during the transition to laparoscopic 
and thoracoscopic general surgery (5,26-29). Especially 
complex open general surgery procedures in hepatobiliary 
and pancreatic surgery belong to the first reports (30). 
Giulianotti performed the first robotic Whipple procedure 
in 2001 and recently the University of Chicago reported 
their step-by-step approach (5). Similar reports exist for 
colorectal and thoracic surgery, and Urology. We believe 
that our first description of such an approach to upper 
gastrointestinal surgery—definitely belonging to the most 
complex surgeries performed—will help to implement 
robotic technology to this field and guide future coworkers.

Conclusions

To our knowledge, no modular approach for complex 
robotic assisted esophageal cancer surgery has been 
previously reported. Our main goal was to minimize 
the learning curve and to present an innovative way to 
successfully do so. The effects of minimally invasive 
esophageal resection for patients have already been clearly 
described before and were again confirmed by our study.
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