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Abstract
Purpose  The search for the optimal procedure for creation of a safe gastroesophageal intrathoracic anastomosis with a 
lower risk of leakage in totally minimally invasive Ivor–Lewis esophagectomy (TMIIL) is ongoing. In the present study, we 
compared the outcomes of end-to-side (with circular stapler [CS]) and side-to-side (with linear stapler [LS]) techniques for 
intrathoracic anastomosis during TMIIL performed in 2 European high-volume centers for upper gastrointestinal surgery. 
A propensity score method was used to compare the CS and LS groups.
Methods  We retrospectively evaluated patients with lower esophageal cancer or Siewert type 1 or 2 esophagogastric junc-
tion carcinoma who underwent a planned TMIIL esophagectomy, performed from January 2017 to September 2020. The 
anastomosis was created by a semi-mechanical technique using a LS in one center and by a mechanical technique using 
a CS in the other center. General features, operative techniques, pathology data, and short-term outcomes were analyzed. 
Statistical evaluations were performed on the whole cohort, stratifying the analyses by risk strata factors identified with 
the propensity scores, and on a subgroup of patients matched by propensity score. The primary endpoint of the study was 
the rate of anastomotic leakage in the two groups. Secondary endpoints included rates of anastomotic stricture and overall 
postoperative complications.
Results  Considering the whole population, 256 patients were included; of those, 220 received the anastomosis with a circular 
stapler (CS group), and 36 received the anastomosis with a linear stapler (LS group). No significant differences by group in 
terms of sex, age, American Society of Anesthesiologists physical status classification, and type of neoplasm were showed. 
The rate of anastomotic leakage did not differ in the two groups (9.6% CS vs. 5.6% LS, p = 0.438), as well as the rate of 
anastomotic stricture in the 3-month follow-up (0.9% CS vs. 2.8% LS, p = 0.367). The rate of chyle leakage and of pulmo-
nary, cardiac, and infective complications was not significantly different in the groups. After propensity score matching, 72 
patients were included in the analysis. The 2 obtained propensity score matched groups did not differ for any of the clinical 
and pathologic variables considered for the analysis, resulting in well-balanced cohorts. The results obtained on the whole 
population were confirmed in the matched groups.
Conclusions  The results of our study suggest that both techniques for esophagogastric anastomosis during TMIIL are feasible, 
safe, and effective, with comparable rates of postoperative anastomotic leakage and stricture.

Keywords  Minimally invasive Ivor–Lewis esophagectomy · End-to-side intrathoracic anastomosis · Side-to-side 
intrathoracic anastomosis · Anastomotic leakage · Anastomotic stricture

Introduction

Esophageal resection remains an essential step in the curative 
management of patients with locally advanced esophageal can-
cer. Ivor–Lewis esophagectomy is an accepted technique for 
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disease located in the distal esophagus and gastroesophageal 
junction [1, 2]. Compared with an open approach, totally min-
imally invasive (laparoscopy and thoracoscopy) Ivor–Lewis 
(TMIIL) has increased in popularity, resulting in a lower rate 
of postoperative complications (particularly pulmonary infec-
tions), a decreased length of hospital stay, and improved qual-
ity of life [3–6]. Nevertheless, outcomes have sometimes been 
discordant, particularly with respect to the incidence of anasto-
motic leakage (AL), one of the most severe complications [7].

Even though the causes of AL are multifactorial, the long 
proficiency gain curve for minimally invasive esophagec-
tomy is a crucial factor in AL development, especially 
at intrathoracic anastomoses [8]. Indeed, performing an 
intrathoracic gastroesophageal anastomosis in TMIIL is 
technically challenging, and no detailed, standardized tech-
nique has yet been generally accepted. Various techniques 
have been developed and are currently used for the construc-
tion of the esophagogastric anastomosis. These anastomotic 
techniques are basically divided into hand-sewn, mechani-
cal, and semi-mechanical, the last two of which involve the 
use of a stapler. The stapling techniques use either a linear 
or circular stapler, and a circular stapler can be used either in 
combination with an anvil inserted via the mouth or the tho-
rax. The stapling techniques have been extensively reported 
in the literature, in contrast to the hand-sewn anastomosis 
(less commonly adopted) [9, 10]. A common goal of all 
techniques is the creation of a safe anastomosis, reducing 
the risk of leakage and related complications. Neverthe-
less, the ideal manner in which to construct the anastomosis 
remains uncertain, given that no decisive evidence exists to 
recommend one technique over another [9]. Consequently, 
the choice of technique is based on surgeon preference.

Circular (CS) and linear stapled (LS) are the two most 
commonly used anastomotic techniques [11, 12]. Major 
technical difficulties are related to the hand-suturing of the 
anterior aspect of the anastomosis in LS and the complex-
ity of performing the purse-string suture fixing the anvil in 
CS [13–16]. Dedicated studies directly comparing the CS 
and LS techniques are limited and have discordant results. 
Compared with CS, LS seems to reduce the stricture rate; 
the AL incidence seems not to differ [17–19].

The aim of the present study was to retrospectively com-
pare outcomes of the LS and CS techniques for patients 
undergoing TMIIL esophagectomy for esophageal or esoph-
agogastric junction malignancies at 2 high-volume European 
centers for upper gastrointestinal surgery.

Materials and methods

From January 2017 to September 2020, patients with lower 
esophageal cancer or Siewert type 1 or 2 esophagogas-
tric junction carcinoma who underwent a planned TMIIL 

esophagectomy at 2 surgical centers—the Amsterdam 
University Medical Centers (UMC), Amsterdam, and the 
European Institute of Oncology (IEO), Milan—were ret-
rospectively evaluated. Both institutions are considered 
high-volume centers, performing more than 20 esophagec-
tomies per year (hybrid, minimally invasive or open, both 
Ivor–Lewis and McKeown procedures). The staff surgeons 
in the 2 Centers have an extensive experience in esopha-
geal surgery with more than 500 esophagectomies per-
formed during their working activity. For the group in IEO, 
TMIIL represent 33% of the total number of total or subtotal 
esophagectomies performed with an yearly volume of about 
50 esophagectomies, while TMIIL is the standard approach 
in the Amsterdam UMC that boasts about 90 esophagec-
tomies a year. The centers each used a different technique 
to perform the gastroesophageal intrathoracic anastomosis, 
with the respective technique being the standard at their 
center. The IEO group used a linear stapler to create a side-
to-side semi-mechanical anastomosis, while the Amsterdam 
UMC group used a mechanical technique with circular sta-
pler to perform an endo-to-side anastomosis. All operations 
were performed by senior surgeons experienced in mini-
mally invasive esophagectomy.

Inclusion criteria were lower esophageal cancer or Siew-
ert type 1 or 2 esophagogastric junction carcinoma. Exclu-
sion criteria were conversion to an open approach, if the 
anastomosis was performed differently than it would have 
been with the minimally invasive approach, or use of an 
esophagojejunal or esophagocolic anastomosis or neck 
anastomoses. Moreover, at the IEO, other exclusion crite-
ria were previous major abdominal or thoracic surgery and 
bulky tumors.

Data and outcomes for all patients were considered. The 
data collected included demographic characteristics, comor-
bidities, preoperative staging, neoadjuvant treatment, intra-
operative details, postoperative outcomes and complications, 
length of hospital stay and mortality, readmission rate, and 
short-term oncologic outcome.

The primary endpoint of the study was the rate of anas-
tomotic leakages in the two groups.

The diagnosis of AL was based on CT scan and/or upper 
GI endoscopy which were performed in case of suspicion 
of a leak, based on clinical symptoms, routine laboratory 
tests, and/or chest X-ray. Secondary endpoints included 
anastomotic stricture (AS) within 3 months of surgery, over-
all complication rates, length of stay, and 90-day all-cause 
mortality. AS was defined as a narrowing at the level of the 
esophageal anastomosis, causing clinically significant func-
tional impairment and dysphagia, detected by endoscopy 
and/or barium esophagram performed on demand only in 
symptomatic patient, that required endoscopic dilatation. 
Postoperative complications were graded according to 
both the Esophagectomy Complications Consensus Group 
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(ECCG) and Clavien–Dindo classifications. The compre-
hensive complication index was also calculated. Hospital 
stay was calculated from the date of surgery to the date of 
discharge. Readmission and mortality were recorded for the 
first 90 days after surgery. The study was approved by both 
institutional review boards because no patient-identifying 
information was used.

Anastomotic techniques and perioperative 
protocols

Linear anastomoses were performed at the IEO as previ-
ously described [20]. Briefly, after a 45-mm linear stapler 
is used to transect the esophagus above the level of the azy-
gos vein, a corner of that suture is removed. Two full-thick-
ness (adventitia to mucosa) stitches are placed anteriorly 
and posteriorly in the esophageal wall to prevent esopha-
geal mucosal retraction (technique described by Irino et al. 
[21]). A small gastrotomy is made on the anterior wall of 
the gastric tube approximately 5 cm away from the top of 
the conduit. The esophagogastric side-to-side anastomosis 
is performed using a 30-mm linear stapler with a medium-
thick cartridge. The enterotomies are closed with hand-sewn 
sutures using both a corner stitch made with monofilament 
absorbable suture and a running self-gripping barbed suture. 
Care is taken to accurately include the esophageal mucosa 
in every pass of the suture. A leak test is performed with 
methylene blue. An omental wrap is performed (Fig. 1).

At the Amsterdam UMC, circular anastomoses were per-
formed. After using a diathermic hook to transect the esoph-
agus, the anvil is secured with a purse-string suture made 
using the Endo Stitch (Medtronic, Minneapolis, MN, USA). 
The circular stapler of diameter of 29 mm is introduced into 
the gastric tube, with the tip of the stapler emerging at the 
mesenteric side of the gastric tube, after which the two sta-
pler parts are aligned and the stapler is fired. A linear stapler 
is then used to close the open end of the gastric tube. The 
anastomosis is oversewn with 2 sutures, and the tip of the 
gastric tube is fixated to the pleural flap, so that the weight is 
taken off the circular anastomosis. Finally, an omentoplasty 
is wrapped around the anastomosis [22] (Fig. 2).

With respect to perioperative care, similar ERAS proto-
cols [23] were routinely applied in both centers.

Statistical analysis

Descriptive statistics with frequencies and median values 
with interquartile ranges are presented to describe base-
line tumor characteristics and treatments in the LS and CS 
cohorts. Other categorical variables are reported as frequen-
cies with percentages, and continuous variables as medians 
with interquartile range (25th–75th percentiles). Differences 
between the two cohorts were evaluated using chi-squared 
tests for categorical variables and Wilcoxon rank tests 
for continuous variables. To make a comparison between 
treatment groups, we calculated a propensity score using 

Fig. 1   Execution of side-to-side 
linear stapled esophagogas-
tric anastomosis. a, b After 
transecting the esophagus at 
the level of the azygos vein 
and removing a corner of the 
staple line on the esophageal 
stump (a), the naso-gastric tube 
is pushed through this small 
esophagotomy to accurately 
identify the opening (b). Place-
ment of two stitches anteriorly 
and posteriorly in the esopha-
geal wall (b). c Completion 
of the gastric tube by dividing 
the bridge between the conduit 
and the specimen. d Perform-
ing a small gastrostomy on 
the anterior wall of the gastric 
tube. e Introduction of a 30-mm 
linear stapler into the esopha-
geal stump and gastric conduit, 
removing the naso-gastric tube 
and closure of the stapler. f 
Closure of the enterotomies by 
hand-sewn sutures
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multivariate logistic models. One-to-one basis matching was 
based on nearest-neighbor criteria.

Statistical analyses were performed on the whole cohort, 
stratifying the analyses by risk strata identified with the pro-
pensity scores, and for the subgroup of patients matched 
by propensity score. The first analysis can count on a large 
sample size that allows a greater statistical power, whereas 
the second has the advantage of 2 balanced cohorts in terms 
of confounding factors.

Statistical analyses were performed using the SAS sta-
tistical software (version 9.4 for Windows) and R (version 
3.4.3). Two-sided p values are also presented.

Results

From January 2017 to September 2020, 256 patients at the 
two centers underwent TMIIL esophagectomy for lower 
esophageal or gastroesophageal junction cancer. Of those 
256 patients, 220 at Amsterdam UMC received a mechani-
cal anastomosis with a circular stapler (CS group), and 36 
at IEO received a semi-mechanical anastomosis with a lin-
ear stapler (LS group). After propensity score matching, 
these numbers were reduced to 36 patients in each group. 

Data from the prospectively maintained database at both 
Centers were retrospectively analyzed. Table 1 presents the 
baseline characteristics of the whole cohort. No significant 
differences between the groups in terms of sex, age, Ameri-
can Society of Anesthesiologists physical status classifi-
cation, and neoplasm types were identified. Median body 
mass index was in the healthy range (23 kg/m2) in the LS 
group, while in the CS group, it fell into the overweight 
range (26 kg/m2) (p = 0.002). Different preoperative thera-
pies were used in the two groups. Most patients in the IEO 
group with adenocarcinoma were treated with chemotherapy 
(11 chemotherapy vs. 7 chemoradiotherapy); those in the 
Amsterdam UMC group were mostly treated with chemora-
diotherapy (156 chemoradiotherapy vs. 15 chemotherapy). 
In both groups, all patients with squamous cell carcinoma 
received chemoradiotherapy, with the exception of 1 psy-
chiatric case in the IEO group and 2 stage I cases in the 
Amsterdam UMC group.

All prognostic factors were well balanced in the matched 
subgroup (Table 2).

Table 3 provides an overview of the operative data. 
Median estimated intraoperative blood loss was 200 mL 
in the CS group (range: 40–850 mL) and 100 mL in the LS 
group (range: 50–1000 mL), p = 0.0009. All patients in the 

Fig. 2   Execution of end-to-side 
circular stapled esophago-
gastric anastomosis. a After 
transecting the esophagus at 
the level of the azygos vein, 
performing the purse-string 
using the Endo Stitch TM. b, 
c Securing the anvil with the 
purse-string suture performed. d 
Introduction the circular stapler 
(29 mm diameter) in the gastric 
tube, with the tip of the stapler 
coming out at the mesenteric 
side of the gastric tube. The two 
stapler parts are aligned and 
the stapler is fired. e Closing 
the open end of the gastric tube 
with a linear stapler
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whole cohort received extended mediastinal lymphadenec-
tomy, except a minority of patients in the LS group that 
received a standard mediastinal dissection (p = 0.0001). 
No intraoperative mortality was observed in either group.

Tables 4 and 5 show postoperative complications and 
short-term outcomes respectively. Length of hospital stay, 
90-day mortality, rate of readmission within 30 days, and 
postoperative complications were not statistically different 
between the groups. According to the ECCG classifica-
tion, 23 cases of AL were recorded in the series, 21 in the 
CS group (9.6%), and 2 in the LS group (5.6%), without 
significant statistical heterogeneity (p = 0.438). Of the 
21 patients experiencing AL in the CS group, 9 required 
a wash-and-drain re-intervention after an endoluminal 
vacuum therapy device had been positioned endoscopi-
cally, 11 received only endoscopic treatment (6, with a 
self-expandable esophageal stent and radiologic position-
ing of a drain; 5, with the use of an endoluminal vacuum 
therapy device), and 1 was managed conservatively. Both 
cases of AL in the LS group were treated endoscopically 
with a self-expandable esophageal stent after a 1-week 
course of treatment with an endoluminal vacuum therapy 
device. Length of hospital stay in cases with leakages was 
similar (on average, 39 days [CS] vs. 40 days [LS]). The 
rate of anastomotic stricture (AS) at the 3-month follow-up 
did not differ significantly (LS: 2.8% [n = 1] vs. CS: 0.9% 
[n = 2], p = 0.367). All cases of AS were diagnosed and 
treated with endoscopic dilation. None of those patients 
had experienced an AL. Chyle leak developed in 26 
patients (11.8%) in the CS group and in 5 patients (13.9%) 
in the LS group (p = 0.786).

Other complications were also not statistically different 
in the two groups.

Using the comprehensive complication index, median 
values for complications were 26.2 in the CS group and 
27.9 in the LS group (both ranging from 20.9 to 100, 
p = 0.527, Table 6).

Median hospital stay was 13  days in the LS group 
(7–64 days) and 10 days in the CS group (6–125 days), 
p = 0.076. The readmission rate was 10.3% (n = 4) in the 
IEO group and 14.8% (n = 34) in the Amsterdam UMC 
group (p = 0.538). In the Amsterdam UMC group, 3 
patients died within 30 days of surgery. No statistical dif-
ference in the 90-day mortality rate was found (CS, 2.3%; 
LS, 2.8%).

Results derived on the whole cohort, stratifying the 
analyses by risk strata factors identified with the propensity 
scores, were confirmed also by the analysis on the 2 matched 
subgroups (Table 7).

Table 1   Baseline characteristics of the patients: whole cohort

BMI, body mass index; ASA PSC, American Society of Anesthesiolo-
gists physical status classification; CRT​, chemoradiotherapy; cTNM, 
clinical TNM; pTNM, pathological TNM; ypTNM, post-neoadjuvant 
therapy TNM

Characteristic Anastomosis stapling 
technique

p valuea

Circular Linear

Patients (n) 220 36
Age (years) 0.497

  Median 66 65
  Range 36–89 29–83

Sex (n [%]) 0.153
  Male 176 (80) 25 (69.4)
  Female 44 (20) 11 (30.6)

BMI (kg/m2) 0.002
  Median 26 23
  Range 18–46.6 15.9–31.5

Tumor location (n [%]) 0.062
  Lower esophagus 172 (78.2) 23 (63.9)
  Esophagogastric junction 48 (21.8) 13 (36.1)

Charlson comorbidity index 0.221
  Median 5 4
  Range 2–10 2–7

ASA PSC 0.764
  Median 2 2
  Range (n [%]) 1–3 1–3

Pathology type (n [%]) 0.619
  Adenocarcinoma 178 (80.9) 29 (80.5)
  Squamous cell carcinoma 40 (18.2) 6 (16.7)
  Others 2 (0.9) 1 (2.8)

Preoperative therapy (n [%])  < 0.0001
  Perioperative chemotherapy 16 (7.3) 10 (27.8)
  Neoadjuvant CRT​ 188 (85.4) 12 (33.3)
  None 16 (7.3) 14 (38.9)

cTNM stage (n [%])  < 0.0001
  I 11 (5) 7 (19.4)
  II 22 (10) 11 (30.6)
  III 175 (79.5) 17 (47.2)
  IV 12 (5.5) 1 (2.8)

pTNM stage (n [%]) 16 14 0.38112
  0 5 (31.2) 3 (21.4)
  I 2 (12.5) 4 (28.7)
  II 8 (50) 3 (21.4)
  III 1 (6.3) 3 (21.4)
  IV 0 1 (7.1)

ypTNM stage (n [%]) 204 22  < 0.0001
  0 1 (0.5) 6 (27.3)
  I 78 (38.2) 2 (9)
  II 26 (12.8) 6 (27.3)
  III 78 (38.2) 7 (31.8)
  IV 21 (10.3) 1 (4.6)

a By Wilcoxon rank test or chi-squared test
Table 1   (continued)
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Discussion

Ivor–Lewis esophagectomy is a complex surgical pro-
cedure, with associated high rates of postoperative 
complications and morbidities. In recent years, TMIIL 
has been gradually gaining favor among surgeons and 
was recommended as the preferred approach in several 
international registry analyses, given that it minimizes 
surgical trauma, reduces postoperative complications 
(particularly pulmonary infections and blood loss), and 
possibly even improves long-term survival [3–5, 24–27]. 
Nevertheless, AL remains a severe complication associ-
ated with esophagectomy, leading to significant morbid-
ity, prolonged hospital stay, considerable use of healthcare 
resources, and increased risk of mortality [28]. Identifica-
tion of risk factors for AL is of critical importance for pre-
vention and treatment, as well as for pre- and postoperative 
optimization. Some of the risk factors are modifiable and, 
consequently, may guide a patient-tailored management 
of pre-, peri-, and postoperative strategies. Nevertheless, 
no overall agreement has been reached on which of them 
are the most decisive in AL development, leading to the 
lack of reliable predictive models and tools for a stand-
ardized preoperative risk assessment. Occurrence of an 
anastomotic leak depends on several factors all included in 
the multidisciplinary perioperative management of these 
patients, including nutritional surgical and anesthesiologi-
cal factors. Most of these variables have been standardized 
in high-volume centers taking care of these patients; the 
technique for minimally invasive esophagogastric anasto-
mosis has also been standardized within the single high-
volume centers even if comparative evidence concerning 
the effect of the various techniques on the development 
of AL (or other anastomotic complications) is still scant. 
A range of options is currently available for intrathoracic 
anastomosis reconstruction: manual, mechanical, and 
semi-mechanical. None of those options can be consid-
ered a reference “standard.” In order to try to improve the 
knowledge about the results of different anastomotic tech-
niques for esophagogastric anastomosis, we compared the 
series of totally minimally invasive Ivor–Lewis performed 
in 2 high-volume European centers, each of them using a 
different but standardized clinical pathway, and using a 
different technique. Standardization of the perioperative 
management may reduce the influence of nonsurgical fac-
tors and differences in anastomotic technique may become 
more important to explain different results.

In this retrospective 2-center study, the main clinical 
outcomes after end-to-side CS and side-to-side LS esoph-
agogastric anastomosis during TMIIL were compared, 
with a particular focus on the rates of AL and AS. Each 
technique has its own pros and cons. The linear stapler is 

Table 2   Patient and disease characteristics: subgroup of patients 
matched by propensity score

BMI, body mass index; ASA PSC, American Society of Anesthesiolo-
gists physical status classification; CRT​, chemoradiotherapy; cTNM, 
clinical TNM; pTNM, pathological TNM; ypTNM, post-neoadjuvant 
therapy TNM
a By Wilcoxon rank test or chi-squared test

Characteristic Anastomosis stapling 
technique

p valuea

Circular Linear

Patients (n) 36 36
Age (years) 0.762

  Median 63 65
  Range 59–70 29–83

Sex (n [%]) 0.800
  Male 24 (66.7) 25 (69.4)
  Female 12 (33.3) 11 (30.6)

BMI (kg/m2) 0.160
  Median 24 23
  Range 22–29 15.9–31.5

Tumor location (n [%])
  Lower esophagus 20 (55.6) 23 (63.9)
  Esophagogastric junction 16 (44.4) 13 (36.1)

Charlson comorbidity index 0.319
  Median 5 4
  Range 4–6 2–7

ASA PSC 0.261
  Median 2 2
  Range (n [%]) 1–3 1–3

Pathology type (n [%]) 0.953
  Adenocarcinoma 28 (77.8) 29 (80.5)
  Squamous cell carcinoma 7 (19.4) 6 (16.7)
  Others 1 (2.8) 1 (2.8)

Preoperative therapy (n [%]) 0.687
  Perioperative chemotherapy 13 (33.1) 10 (27.8)
  Neoadjuvant CRT​ 12 (33.3) 12 (33.3)
  None 11 (30.6) 14 (38.9)

cTNM stage (n [%]) 0.994
  I 7 (19.4) 7 (19.4)
  II 12 (33.3) 11 (30.6)
  III 16 (44.5) 17 (47.2)
  IV 1 (2.8) 1 (2.8)

pTNM stage (n [%]) 11 14 0.457
  0 3 (27.3) 3 (21.4)
  I 1 (9.1) 4 (28.7)
  II 6 (54.5) 3 (21.4)
  III 1 (9.1) 3 (21.4)
  IV 0 1 (7.1)

ypTNM stage (n [%]) 25 22
  0 0 6 (27.3)
  I 8 (32) 2 (9)
  II 3 (12) 6 (27.3)
  III 10 (40) 7 (31.8)
  IV 4 (16) 1 (4.6)
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easy to insert into the esophageal stump and allows for the 
creation of an enlarged anastomotic caliber. However, the 
technique requires experience with hand-sewn suturing to 
complete the anterior anastomotic wall. Furthermore, the 
need for longer visceral segments to achieve alignment 
for the anastomosis is a major limitation, making the LS 
technique poorly adapted for creating an anastomosis at 
the apex of the thoracic cavity. And in case of the need for 
a redo anastomosis, LS necessitates a longer esophageal 
resection.

The CS technique avoids manual suturing, although the 
construction and tying of the purse-string suture to fix the 
anvil is technically demanding. Moreover, the caliber of the 
anastomosis is smaller.

In our trial, the incidence of leakages in LS group (5.6%) 
was not statistically different from the incidence in the CS 
group (9.6%, p = 0.438). The lower incidence of anastomotic 
leaks in the LS group may be explained by the low number 
of included cases in comparison to the more stable number 
of leaks in the CS group. An incidence of anastomotic leaks 
around 10% both for LS and CS is the incidence reported by 
the authors at IEO center in a group of 50 patients submit-
ted to TMIIL (unpublished results), a percentage that can 
be considered stable and expected when compared to the 
literature. Beyond that, it should be considered that patients 
treated at Amsterdam UMC were treated with chemoradio-
therapy whereas patients treated at IEO received chemo-
therapy. This difference may represent a reason for a higher 
(though not statistically significant) incidence of anastomotic 
leaks in CS group [7]. Notwithstanding the unbalanced sam-
ple (36 patients at the IEO and 220 patients at Amsterdam 
UMC), the outcomes accord with those reported in several 
other studies that compared the two anastomotic techniques 
(summarized in Table 8). The literature survey indicates 
an AL incidence ranging from 0 to 15.6% in the LS group 
and from 1.5 to 15.3% in the CS group, without a statisti-
cally significant difference, except in Yanni et al. [31], who 
reported a reduction of the AL incidence in the LS group 
(4.1% vs. 15.3%). In contrast, the data for AS were discord-
ant, with the range varying from 0 to 9.1% in LS group and 
from 9.4 to 31.2% in the CS group, and a significantly higher 

incidence being reported in the CS group in some studies 
[17–19]. In our study, the incidence of AS was not signifi-
cantly different in the two groups (LS, 2.8% vs. CS, 0.9%).

Literature comparing the various surgical techniques for 
Ivor–Lewis esophagectomy is scarce and reports mostly the 
outcomes of the open approach. Our study and two recent 
trials [30, 32] are the only reports dealing with the mini-
mally invasive approach, in which the anastomosis is prob-
ably more difficult to perform. Nevertheless, outcomes in 
our trial are comparable to those reported for open surgery, 
in contrast with the presumed higher AL incidence found 
with the mini-invasive approach [33] That observation is 
probably consistent with the experiences completed before 
arriving at a single standardized technique for each surgical 
center [34]. The details for performing this anastomosis are 
an important determinant of good results, and standardiza-
tion of the technique is of the utmost importance.

We compared two different techniques that had each 
been adopted at one center as the reference technique. Our 
comparison is different from others reported in the litera-
ture, where, in single-center studies, the two techniques 
were used at the surgeon’s discretion without a reference 
standard technique. Achieving dexterity in the performance 
of a minimally invasive intrathoracic anastomosis requires 
a long learning process (as demonstrated by Van Workum 
et al. [35]). Not uncommonly, surgeons change or modify 
their initial technique until they identify the most suitable 
one—that is, the one in which they have reached a certain 
degree of experience and technical confidence [34]. Becom-
ing familiar with a surgical technique, rather than putative 
differences in its performance, seems to be a major determi-
nant of the learning curve. Some studies have emphasized 
the benefit of structured training and mentorship programs 
for minimally invasive surgery [36]. In our study, the 2 par-
ticipating centers have reached a high level of proficiency 
in their respective anastomotic techniques [20, 37], ensuring 
minimization of learning-associated bias (a major confound-
ing factor in esophagogastric anastomosis studies). As in our 
study, the multicenter trial by Schröder et al. [30

Table 3   Intraoperative data: 
whole cohort

a By Wilcoxon rank test

Parameter Anastomosis stapling technique p valuea

Circular (n = 220) Linear (n = 36)

Estimated blood loss (mL) 0.0009
  Median 200 100
  Range 40–850 50–1000

Lymphadenectomy type (n [%]) 0.0001
  Standard mediastinal dissection 0 8 (22.2)
  Extended mediastinal dissection 220 (100) 28 (77.8)
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Limitations

The limitations of the present study are its retrospective, 
non-randomized character and the different number of 
patients in the two groups. In part, that difference stems from 
the fact that, at the IEO, many patients are still treated with 

a hybrid technique, which is considered elective in the case 
of bulky tumors or a long operative time in the abdominal 
phase of the operation. At the Amsterdam UMC, all patients 
are generally treated with a minimally invasive technique. 
The sample size is low and this implies low statistical power. 
We used Fisher exact test and propensity score strata in the 

Table 4   Postoperative 
complications: whole cohort

ARDS, acute respiratory distress syndrome; CPR, cardiopulmonary resuscitation; CHF, congestive heart 
failure
a By Multivariable logistic models stratified by propensity score
b Requiring additional drainage procedure
c Requiring treatment
d Requiring reintubation
e Requiring delay in discharge
f Requiring reinsertion of catheter or delay in discharge

Parameter Anastomosis stapling technique p valuea

Circular (n = 220) Linear (n = 36)

Patients Clavien–Dindo 
class (n [%])

Patients Clavien–Dindo 
class (n [%])

Anastomotic complications (n [%])
  Anastomotic leakage 21 (9.6) 2 (5.6) 0.2363
    Type I 1 II 0
    Type II 11 IIIa: 11 (100) 2 IIIa: 2 (100)
    Type III 9 IIIb: 9 (100) 0
  Anastomotic stricture 2 (0.9) IIIa 1 (2.8) IIIa 0.8790

Chyle leak (n [%]) 26 (11.8) 5 (13.9) 0.2994
  Type (n [grade A/B])
    I 22 (19/3) II 0
    II 4 (3/1) II 3 (3/0) II
    III 0 2 (1/1) IIIb

Pulmonary complications (n [%]) 49 (22.3) 7 (19.4) 0.2383
  Pneumonia 29 (13.2) II 4 (11.1) II
  Pleural effusionb 10 (4.5) IIIa 2 (5.6) IIIa
  ARDS 2 (0.9) IVa 1 (2.8) V
  Pneumothoraxc 3 (1.4) IIIa: 2 (67)

IVa: 1 (33)
0

  Respiratory failured 5 (2.3) IVa 0
Cardiac complications (n [%]) 43 (20) 4 (11.1) 0.5971

  Cardiac arrest requiring CPR 2 (0.9) IVa, V 0
  CHFc 5 (2.3) II 0
  Pericarditisc 3 (1.4) II 0
  Atrial dysrhythmiac 33 (15) II 4 (11.1) II

Gastrointestinal complications (n [%]) 3 (1.4) 2 (5.6) 0.5120
  Delayed conduit emptyinge 2 (0.9) IIIa 2 (5.6) I/II
  Pancreatitis 1 (0.5) IVa 0

Urologic complications (n [%]) 4 (1.8) 1 (2.8) 0.9482
  Urinary retentionf 2 (0.9) II 1 (2.8) I
  Urinary tract infection 2 (0.9) II 0

Wound to diaphragm (n [%]) 4 (1.8) 0 0.96531
  Acute diaphragmatic hernia 4 (1.8) IIIb: 3 (75)

IVa: 1 (25)
0
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whole cohort and in the matched subgroup in order to take 
into account of unbalances between the two groups and 
issues due to low frequencies.

Conclusions

Both techniques, LS and CS, for the performance of a 
minimally invasive esophagogastric anastomosis are safe 
and effective, producing comparably good clinical results. 
Details of the surgeries as derived from the surgeons’ experi-
ence have to be followed to achieve these results.

Table 5   Short-term outcomes: 
whole cohort

a By Wilcoxon rank test, chi-squared or Fisher exact test

Parameter Anastomosis stapling technique p valuea

Circular (n = 220) Linear (n = 36)

Length of hospital stay (days) 0.076
  Median 10 13
  Range 6–125 7–64

Mortality (n [%])
  30-day 3 (1.4) 0
  90-day 5 (2.3) 1 (2.8) 0.852

Readmission within 30 days (n [%]) 33 (14.8) 4 (10) 0.538

Table 6   Complications by comprehensive complication index (CCI): 
whole cohort

a By chi-squared test

CCI score group Patients with complications by anasto-
mosis stapling technique (n [%])

p valuea

Circular (n = 107) Linear (n = 20)

20.9 51 (47.66) 8 (40) 0.527
 > 20.9 to ≤ 30 15 (14.02) 6 (30)
 > 30 to ≤ 40 21 (19.63) 4 (20)
 > 40 to ≤ 50 9 (8.41) 1 (5)
 > 50 to ≤ 60 7 (6.54) 0 (0)
 > 60 4 (3.74) 1 (5)

Table 7   Intraoperative data, 
postoperative complications, 
and short-term outcomes: 
subgroup of patients matched 
by propensity score

1 p value Wilcoxon rank test and Fisher exact tests
2 p value from logistic model stratifying by propensity score

Parameter Anastomosis stapling technique p value

Circular (n = 36) Linear (n = 36)

Estimated blood loss (mL) 0.0201

  Median 200 100
  Range 65–250 50–1000

Lymphadenectomy type (n [%]) 0.0051

  Standard mediastinal dissection 0 8 (22.2)
  Extended mediastinal dissection 36 (100) 28 (77.8)

Anastomotic complications 0.0022

  Anastomotic leakage 6 (16.7%) 2 (5.6%) 0.1522

  Anastomotic stricture 1 (2.8%) 1 (2.8%) 1.0002

Chyle leak 2 (5.6%) 5 (13.9%) 0.2492

Pulmonary complications 12 (33.3) 6 (16.7%) 0.1192

Cardiac complications 8 (22.2%) 4 (11.1%) 0.2262

Gastrointestinal complications 3 (8.33%) 2 (5.6%) 0.6522

Urologic complications 1 (2.8%) 1 (2.8%) 1.0002

Wound/diaphragm 1 (2.8%) 0 (0%) 0.99752

Length of hospital stay (in days), median 
[range]

10 (8–25) 13 (9–17) 0.6702

  30-day mortality, n (%) 0 0 12

  90-day mortality, n (%) 1 (2.8%) 1 (2.8%) 12

Readmission within 30 days 6 (16.7%) 4 (11.1%) 0.7351
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Leakages at this anastomotic site do not depend directly 
on the anastomotic technique, but are determined by many 
factors such as peri- and intraoperative care, whose influence 
depends on the experience of the surgical center.
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