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Background: The clinical benefits of totally minimal invasive esophagectomy (TIME) compared to open 
esophagectomy are documented and include reduced morbidity like pulmonary infections, shorter hospital 
stay and an increase in short-term quality of life. However, transition to TIME can be associated with a 
learning curve associated increased morbidity. We report our implementation of TIME using a 2-step 
approach, where the thoracoscopic part was added to the laparoscopic part in carefully selected patients. 
The hypothesis was that the 2-step implementation provides a safe and efficient implementation without 
compromising the outcomes for the patients. The aim of this study was to evaluation the implementation of 
minimal invasive esophagectomy at Aarhus University Hospital, where a 2-step implementation strategy has 
been used.
Methods: In this retrospective observational cohort study a total of 369 patients with esophagus or 
gastroesophageal cancers underwent esophagectomy from September 1st, 2016 to July 31st, 2021 in a single 
high-volume tertiary institution. Totally minimally invasive Ivor Lewis esophagectomy was performed by 
experienced minimal invasive surgeons in 120 of the cases. The study presents the complication rates of the 
TIME patients in the implementation phase.
Results: Anastomotic leakage occurred in 7.5% of the cases and pneumonia occurred in 5.8% of the cases. 
The lymph node count reached 16 or more in 94.3% of the cases and R0-resection was performed in 98.3% 
of the cases. Textbook outcome for esophageal cancer surgery was achieved in 45.8% of the patients.
Conclusions: Hybrid minimal invasive esophagectomy can serve as a step towards totally minimally 
invasive esophagectomy. In our institution, major learning curve associated complications was avoided and a 
high level of cancer control was achieved by a 2-step implementation strategy in carefully selected patients.
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Introduction

In patients with esophageal cancer, radical esophagectomy 
is a key component for curative treatment, and for decades, 
open esophagectomy has been the standard procedure. 

The introduction of minimal invasive surgery, in terms 
of laparoscopy and thoracoscopy, has paved the way for 
surgical treatment of these cancers. Open esophagectomy 
is now increasingly being replaced by minimal invasive 
esophagectomy (MIE), either hybrid minimal invasive 
esophagectomy (HMIE) or totally minimal invasive 
esophagectomy (TMIE) (1). HMIE is usually performed as 
laparoscopic-assisted esophagectomy with the intrathoracic 
anastomosis performed through thoracotomy while TMIE 
includes both laparoscopic and thoracoscopic approach. 
TMIE is associated with reduced postoperative morbidity, 
shorter hospital stay and a better short-term quality of life 
compared to open esophagectomy and HMIE (1-4).

Implementation of TMIE is challenging, has a long 
learning curve and is associated with a considerable learning 
curve-related morbidity (5). In a multicenter study of 
646 patients, it was claimed that as many as 36 patients 
experienced learning curve related anastomosis leakage (5). 

A learning curve associated risk of anastomotic leakage of 
18% before the learning curve was completed and leakage 
rate was reduced to 4% emphasizes the need for a safe 
implementation strategy without compromising the quality 
of the surgery (5). 

The first TMIE in our institution was performed in 
September 2016. Prior to this, HMIE with laparoscopic 
gastric mobilization and intrathoracic anastomosis through 
a right thoracotomy, was the standard procedure for gastric 
pull-up procedures for 10 years, starting in 2006. 

Simultaneously with increasing experience and 
standardization of HMIE, the thoracic surgeons introduced 
video-assisted thoracoscopic surgery (VATS), leading to 
surgical and practical familiarization of the minimal invasive 
procedures of the entire surgical team. In this way, HMIE 
and VATS served as a step towards TMIE. 

The aim of this study was to evaluate the complication 
rate during implementation of TMIE, after 10 years of 
HMIE as standard procedure. The hypothesis of the study 
was that a 2-step implementation strategy and carefully 
selection of the patients provides a safe implementation of 
the TMIE procedure from the HMIE procedure without 
compromising the postoperative outcomes and oncological 
outcome in terms of surgical radicality and number of 
lymph nodes taken out assessed in pathological examination. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-462/rc).

Methods

The study was carried out as a retrospective observational 
single center cohort study including all patients undergoing 
totally minimally invasive Ivor Lewis esophagectomy due to 
cancer or high-grade dysplasia from September 1st, 2016 to 
August 31st, 2021 in a single high-volume tertiary institution 
(Aarhus University Hospital). Patients undergoing other 
esophagectomy than TMIE was excluded. Data was 
collected from patient files and included patient and tumor 
characteristics, pre-operative neoadjuvant oncologic 
treatment details, intraoperative details, postoperative 
complications, final histopathology and details about length 
of stay (LOS), readmission and mortality. 

Registration of complications within 30 days from 
surgery, or during the in-hospital stay after surgery, 
followed International Consensus on standardization of data 
collection of complications associated with esophagectomy 
proposed by the Esophagectomy Complication Consensus 
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Group (ECCG) (6). The Clavien-Dindo classification was 
used to rank complications (7). The procedure was evaluated 
using the updated nine variables for textbook outcome for 
esophageal cancer surgery, presented by Kalff et al. (8) in 
2021. The nine variables include tumor-negative resection 
margins, ≥20 lymph nodes retrieved, no intraoperative 
complication, no complication of ≥ Clavien-Dindo III, 
no anastomotic leakage, no intensive care unit admission, 
no hospital stay ≥14 days, no in-hospital mortality and no 
readmission related to surgical procedure.

Registration of pneumonia followed the criteria defined 
by the American Thoracic Society and Infectious Diseases 
Society of America as the presence of new lung infiltrate 
plus clinical evidence that the infiltrate is of an infectious 
origin, which include new onset of fever, purulent sputum, 
leukocytosis, and decline in oxygenation (9). 

Operative technique

Prior to surgery, all diagnosed esophageal cancer patients 
were discussed in multidisciplinary team (MDT) meetings. 
Eligible patients for surgery were referred to surgery 
preceded by neoadjuvant chemo(radio)therapy. 

All procedures were performed in collaboration with 
experienced minimal invasive general and thoracic surgeons. 
The general surgeon was the operating surgeon in the 
laparoscopic part with assistance from the thoracic surgeon 
and the thoracic surgeon was the operating surgeon in the 
thoracic part with assistance from the general surgeon. 

Prior to surgery, all patients received a thoracic epidural 
catheter and a double lumen endotracheal tube. The 
laparoscopic part was performed using 5 laparoscopic ports 
with the operating surgeon placed between the patient’s 
leg. When the gastric tube conduit was constructed using 
laparoscopic staplers (Endo GiaTM universal, Covidien, 
Medtronic, Minneapolis, USA), the wounds were closed, 
and the patient was repositioned on the left side in a 
90-degree angle. Single-lung ventilation was established 
and five 12-mm thoracoscopic ports were placed in the right 
side of the thorax with the operating surgeon placed on the 
back side of the patient. The esophagus was mobilized and 
resected using ultrasonic and bipolar energy (Thunderbeat, 
Olympus Medical Systems, Tokyo, Japan) to the desired 
level of resection. Usually, the esophagus was resected 
from cardia to the level of the azygos vein. The thoracic 
duct was not ligated unless iatrogenic injury occurred. The 
azygos vein was spared unless the anastomosis was intended 
cranially to the vein. The resected esophagus was pulled 

out through a mini thoracotomy (12-mm thoracoscopic 
port was extended and a wound protector retractor was 
placed (Alexis wound protector-retractor, Applied Medical, 
California, USA) without using a rib spreader. The anvil 
of the circular stapler (EEATM Circular Stapler with Tri-
StapleTM Technology, Covidien, Medtronic) in the oral part 
of esophagus was secured by purse-string sutures using the 
endoscopic suturing device (Endo StitchTM, Medtronic). 
Intrathoracic anastomosis was performed end-to-side using 
the circular stapler introduced trough the gastric conduit 
tube. The anastomosis was covered with an omentum/
pleural flap. A chest tube was inserted and carefully placed 
parallel to the conduit. The lung was inflated, and two-
lung ventilation was again established. At the end of the 
procedure, pylorus was dilated with a 20-mm balloon and 
a triple lumen nasojejunal tube was placed under flexible 
gastroscopic vision. 

Postoperative care

The recovery after surgery took place on a special thoracic 
recovery unit, and the patient was transferred to the 
thoracic ward on the first postoperative day. The patient 
started enteral feeding through the nasojejunal tube on the 
first night after surgery, with increasing dosage until full 
dosage on the third postoperative day. The first 5 days the 
patients were restricted to an oral intake of 200 mL water, 
with increasing volume the following days until oral liquid 
diet was initiated on the 8th postoperative day where the 
chest tube was removed if no change in drainage output. 
The patient was discharged when the intake reaches 75% of 
the calculated required intake for the patient.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the hospital administration of Aarhus 
University Hospital and Central Denmark Region. This 
approval allowed data extraction without informed consent 
according to The Danish Health Care Act Section 42d 
Subsection 2.

Results

A total of 369 patients underwent esophagectomy due 
to cancer or multifocal high-grade dysplasia in the study 
period from September 1st, 2016 to August 31st, 2021. Of 
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those, 120 patients underwent TMIE corresponding to 
32.5% of the cases (see Figure 1).

With the first TMIE performed in September 2016 
the percentage of TMIE has increased from 10% of the 
cases in 2016 to approximately 50% of all gastric pull-up 
esophagectomies performed in 2020 and 2021 until August 
31st (see Figure 2).  

Patient and tumor characteristics are shown in Table 1. 
Conversion did not occur in the abdominal procedure 

but occurred in five patients in the thoracic phase, three 
of them needed additional suturing on the anastomosis 
or stapler line, the remaining two due to visible tumor 
in the resection margin and hereby further dissection to 
obtain macroscopic free margins was performed using open 

surgery. Mean number of retrieved lymph nodes was 29 
lymph nodes and in 113 patients (94.2%) ≥16 lymph nodes 
were retrieved. Tumor-negative resection margins (R0) was 
achieved in 118 (98.3%). In the remaining two patients, 
tumor was present in the anal resection margin. 

Seven patients (5.8%) experienced postoperative 
pneumonia. Anastomotic leakage occurred in 9 patients 
(7.5%) during the study period. Seven out of the nine 
leakages were type I or II leakage (see Table 2). The 90-day 
survival was 99.2%. One patient died 31 days after surgery, 
due to irreversible severe brain damage after resuscitation 
from cardiac arrest. There was no 30-day mortality. 

A total  of  88 (73.3%) pat ients  experienced no 
complications or ≤ Clavien-Dindo grade II complication. 

Esophagectomies in the study period 
(n=369)

Open esophagectomies 
(n=56)

Minimal invasive Ivor Lewis 
esophagectomies (n=313)

Colonic or jejunal 
interposition (n=45)

Open gastric pull up 
(n=11)

Laparoscopic assisted hybrid 
esophagectomies (n=193)

Totally minimal invasive 
esophagectomy (n=120) 

Conversion to open 
surgery (n=5)

Figure 1 Flow chart of all esophagectomies in the study period.
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Figure 3 shows the distribution of complications according 
to the Clavien-Dindo classification among all patients each 
year, except 2016 and 2017 which are combined due to small 
number of patients. The difference from shown percentage 
distribution of complications to 100% represents the 
patients without any complication. 

To evaluate the relevant outcomes beyond anastomotic 
leakages, textbook outcome for esophageal cancer surgery 

was calculated. A total of 55 (45.8%) patients achieved 
textbook outcome for esophageal cancer surgery based on 
the nine variables included in the updated variables from 
2021 (8).

Discussion

This study included all patients from the implementation 
phase of TMIE in a single high-volume center. With 
the first patients undergoing TMIE in fall 2016, the 
implementation was considered succeeded during 2020 and 
2021 where more cases were performed totally minimal 
invasive than hybrid minimal invasive. The study presents a 
safe transition to totally minimally invasive esophagectomy 
without compromising postoperative complications using 
a 2-step implementation procedure in carefully selective 
patients. 

There are some limitations in this study. The results 
presented in this study was retrospective and there was 
no comparison of complication rates due to the lack of 
a control group. The patients undergoing HMIE did 
not serve as control group since these patients are a 
different type of patients with bigger tumors and more 
comorbidity, especially pronounced in the beginning of 
the implementation phase. However, the aim of the study 
was not to compare the complication rates to other type 
of esophagectomies, merely to evaluate the complication 
rates only in patients undergoing TMIE during the 
implementation period. Another major limitation is 
selection bias, where only the most suitable patients were 
offered TMIE especially in the start of the study period. 
The possibility of the complication rates to be affected 
by selection bias is one of the central messages of this 
study, meaning that carefully selection of patients when 
implementing TMIE may be crucial to avoid learning 
curve-related increase of complications. When reporting the 
actual complication rates after TMIE in our institution, the 
distribution of complications in 2020 and 2021 where the 
majority of the patients were offered TMIE probably show 
the true distribution of complications. Since the presented 
implementation strategy took place in a single high-
volume tertiary institution by dedicated esophageal cancer 
specialists with advanced laparoscopic and thoracoscopic 
skills, it might not be the same results in another institution 
with another setup. In addition to that, the importance of 
centralization of advanced upper gastrointestinal cancer 
surgery has been shown in several studies (10-12), and in 
Denmark, the centralization occurred in 2003 to 2006 

Table 1 Patient and tumor characteristics

Patient characteristics Values

Gender, n (%)

Male 100 (83.3)

Female 20 (16.7)

Age (years), mean [range] 68 [39–84] 

BMI (kg/m2), mean ± SD 26.2±5.2 

Tumor location, n (%)

Esophagus 31 (25.8)

Gastroesophageal junction 89 (74.2)

Histology, n (%)

Adenocarcinoma 94 (78.3)

Squamous cell carcinoma 19 (15.8)

Other 7 (5.8)

cTNM—T-disease, n (%)

T1 4 (3.3)

T2 17 (14.2)

T3 94 (78.3)

T4 1 (0.8)

Unknown (entire cTNM is missing) 4 (3.3)

Neoadjuvant therapy, n (%)

Completed 65 (54.2)

Interrupted 15 (12.5)

No neoadjuvant therapy 39 (32.2)

Unknown 1 (0.8)

Type of neoadjuvant therapy, n (%)

Chemotherapy 27 (33.8)

Chemoradiotherapy 52 (65.0)

Unknown 1 (1.2)

BMI, body mass index; SD, standard deviation; cTNM, clinical 
TNM staging; TNM, tumor, node, metastasis.
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Table 2 Selected complications within 30 days of surgery or within in-hospital stay after surgery

Complications N (%)

Pulmonary, n (%)

Pneumonia 7 (5.8)

Pleural effusion requiring additional drainage procedure 16 (13.3)

Pneumothorax requiring treatment 4 (3.3)

Atelectasis mucous plugging requiring treatment 5 (4.2)

Cardiac, n (%)

Cardiac arrest 1 (0.8)

Dysrhythmia atrial requiring treatment 20 (16.7)

Gastrointestinal, n (%)

Esophagoenteric leak from anastomosis or staple line 9 (7.5)

Type I—local defect requiring no change in therapy or treated medically or with dietary modification 1

Type II—localized defect requiring interventional but not surgical therapy, for example interventional 
radiology drain or stent

6

Type III—Localized defect requiring surgical therapy 2

Conduit necrosis/failure† 2 (1.7)

Need for dilatation of pylorus 13 (10.8)

Thromboembolic, n (%)

Stroke 1 (0.8)

Neurologic/psychiatric, n (%)

Recurrent nerve injury 1 (0.8)

Acute delirium 4 (3.3)

Infection, n (%)

Wound infection requiring opening wound or antibiotics 9 (7.5)

Other, n (%)

Chyle leak‡ 1 (0.8)
†, conduit necrosis: type II, focal necrosis identified endoscopically and not associated with free anastomotic or conduit leak; ‡, type IIA 
chyle leak, output <1 L/day, treated with total parenteral nutrition in 10 days.

where the numbers of centres treating esophageal cancer 
was reduced from 26 centres to just four centres. This 
improved the quality of care with lower anastomotic leakage 
and lower 30- and 90-day mortality (13). 

This study showed a low rate of anastomotic leakage 
during the implementation period starting from September 
2016. The highest rate was in 2019 where 10.7% of the 
patients who underwent TMIE experienced anastomotic 
leakage. A leakage rate above this level, did not occur in any 
year of the implementation period in contradiction to the 

findings in the Dutch multicenter center study including 
646 patients, where learning curve associated leakage 
reached 18.8% during the implementation period (14). 
In our center, postoperative computer tomographic (CT) 
scan was not performed routinely, hereby, only patients 
with clinical suspicion of anastomotic leakages had CT 
scan performed, and silent leaks may have been overlooked. 
However, these would probably have been without any 
clinical relevance. The majority of the patients in this 
study with anastomotic leakage was endoscopic managed 
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using a stent, however, two of the nine patients required 
surgical treatment. This is in accordance with data from 
the Society of Thoracic Surgeons National Database and 
Online Esodata database showing that a significant lower 
number of anastomotic leakages after minimally invasive 
esophagectomy required surgical treatment compared to 
anastomotic leakages after open esophagectomy (1,4). 

Pneumonia rate was low (5.8%) during the study period, 
this may be due to a restrictive definition from the American 
Thoracic Society and Infectious Diseases Society of America 
used in the ECCG definition. In a large database evaluation 
of 6,022 esophageal cancer patients, the pneumonia rate 
was 12.8% when using ECCG definitions (1). Defining and 
reporting pneumonia rates are two very different things, 
hence, the comparison of pneumonia rate in studies and 
trials should be done with caution. However, two different 
definitions were used in two randomized controlled trials on 
minimal invasive esophagectomy with pneumonia rates on 
12.8% and 12%, respectively (15,16) suggesting that the 
pneumonia rate after minimal invasive esophagectomy is 
approximately 12%. Numbers of retrieved lymph nodes 
was ≥16 in 94% of the patients. This cut off number was 
set according to national and international guidelines 
for lymph nodes harvest and accurate staging during 
esophagectomy (17). 

This study displays a strategy for implementing TMIE, 
and the study comments only on the implementation 
of laparoscopic and thoracoscopic assisted Ivor Lewis 
esophagectomy and not robotic assisted esophagectomy or 
other minimally invasive techniques. This study suggests a 
2-step approach where the thoracoscopy is added when the 
laparoscopic part is mastered and the thoracic surgeons are 
trained in thoracoscopic lung surgery, other set-ups where 
the thoracoscopic part is the first minimal invasive technique 
to be mastered followed by the laparoscopic part can possibly 

provide a similar safe implementation with no reduction of 
the quality of the surgery and without compromising the 
locoregional control of the cancer disease. The reduction in 
pulmonary complication after transition to minimally invasive 
esophagectomy compared to open esophagectomy can be 
seen after both HMIE (15) and TMIE (16). Nonetheless, the 
MIRO trial compared laparoscopic-assisted HMIE to open 
esophagectomy and showed significantly less pulmonary 
complication after hybrid esophagectomy suggesting that the 
minimal invasive abdominal phase attribute to this reduction 
and proves the benefit of laparoscopic-assisted HMIE as 
the first step for surgeons performing open esophagectomy 
aiming to implement TMIE. 

Prior to implementation of TMIE, the esophageal 
cancer team consisting of general- and thoracic surgeons 
with advanced laparoscopic and thoracoscopic skills and 
dedicated surgical nurses visited a high volume minimally 
invasive esophageal cancer center in Helsinki, Finland. Here 
the team was introduced to the procedures and challenging 
aspects before introducing TMIE. Approximately 500 
esophagectomies was performed by the surgical team of 
two general surgeons and two thoracic surgeons in the 
10 years prior to implementation of TMIE in 2016. The 
first patients offered TMIE was carefully selected and 
only patients with small tumors in the gastroesophageal 
junction and no comorbidity met the criteria for TMIE 
in the beginning of the implementation. Only a few cases 
suitable for TMIE was offered TMIE in the beginning, 
and as the implementation went on without any increase 
of postoperative complications including leakage, more 
patients with bigger tumors and more comorbidity was 
offered TMIE. Now TMIE is the standard offer for all 
patients with tumors in distal esophagus or gastrointestinal 
junction regardless of their comorbidity. If patients are 
offered open Ivor Lewis esophagectomy or HMIE, it is 
usually due to frozen section on specific lymph nodes before 
proceeding the operation e.g., lymph node near the adrenal 
gland or lower paratracheal lymph nodes.  

Surgical simulation training was not used in our 
institution, though it is widely used to improve operative 
performance and practice complex procedures in a 
realistic artificial setting, and for esophageal and foregut 
surgery, a few simulators are designed (18-21) where the 
procedures can be trained and the quality of the surgery 
can be measured. Surgical simulation training can have 
significant effect on operative performance (22) and may 
have beneficially effect on implementation of complex 
procedures like TMIE. 
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Conclusions

HMIE can serve as a step towards totally minimally invasive 
esophagectomy. We found that learning curve associated 
complications was minimized and a high level of cancer 
control was achieved by a 2-step implementation strategy in 
carefully selected patients.
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