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Abstract 

Objectives: Esophageal cancer is a high‑mortality disease. Esophagectomy is the most effective method to treat 
esophageal cancer, accompanied with a high incidence of post‑operation complications. The anastomosis has a close 
connection to many severe post‑operation complications. However, it remains controversial about the choice of 
intrathoracic anastomosis (IA) or cervical anastomosis (CA). The study was conducted to compare the clinical out‑
comes between the two approaches.

Methods: We searched databases for both randomized controlled trials (RCTs) and cohort studies comparing post‑
operation outcomes between IA and CA. Primary outcomes were the incidences of anastomotic leakage and mortal‑
ity. Secondary outcomes were the incidences of anastomotic stenosis, pneumonia and re‑operation.

Results: Twenty studies with a total of 7,479 patients (CA group: n = 3,183; IA group: n = 4296) were included. The 
results indicated that CA group had a higher incidence of anastomotic leakage than IA group (odds ratio [OR] = 2.05, 
95% confidence intervals [CI] = 1.61–2.60,  I2 = 53.31%, P < 0.01). Subgroup analyses showed that CA group had higher 
incidences of type I (OR = 2.19, 95%CI = 1.05–4.57,  I2 = 0.00%, P = 0.04) and type II (OR = 2.75, 95%CI = 1.95–3.88, 
 I2 = 1.80%, P < 0.01) anastomotic leakage than IA group. No difference was found in type III anastomotic leakage 
(OR = 1.23, 95%CI = 0.82–1.86,  I2 = 20.92%, P = 0.31). The 90‑day mortality (OR = 1.66, 95%CI = 1.11–2.47,  I2 = 0.0%, 
P = 0.01) in IA group were lower than that in CA group. No difference was found in in‑hospital mortality (OR = 1.31, 
95%CI = 0.91–1.88,  I2 = 0.00%, P = 0.15) and 30‑day mortality (OR = 1.08, 95%CI = 0.69–1.70,  I2 = 0.00%, P = 0.74).
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Introduction
Esophageal cancer has been reported to be the sixth 
high-mortality and the seventh high-incidence can-
cer in 2020 [1]. For early-staged esophageal cancer, 
esophagectomy could be a preferred treatment strategy. 
However, the complexity of the operation also has a 
high risk to trigger complications [2].

Since esophagectomy was firstly reported in 1913 [3], 
the esophagectomy operation has experienced several 
evolutions. During the surgery, the stomach needs to 
be made into a conduit, and then to be anastomosed 
with the rest of esophagus [2]. The anastomosis can be 
made either in the chest or in the neck, concerning to 
the location of tumor and the preference of surgeon. A 
heated debate of the location of anastomosis has lasted 
for several years. Surgeons prefer intrathoracic anasto-
mosis to cervical anastomosis due to its lower leakage 
rate. Others believe the cervical anastomosis is a better 
choice owing to its lower leak-related mortality. Previ-
ous study compared Ivor-Lewis approach with McKe-
own approach [4], which demonstrated that Ivor-Lewis 
approach was a better option. As Ivor-Lewis is one of 
the esophagectomy approaches with IA and McKeown 
is one of the esophagectomy approaches with CA, IA 
might be better than CA. However, no more detailed 
analysis on anastomotic leakage was done since anas-
tomotic leakage is one of the most important post-
operation complications. Thus, we launch this study to 
compare cervical anastomosis and intrathoracic anas-
tomosis, in terms of the severe complications, espe-
cially anastomotic leakage, and mortality.

Methods
Registration
This research satisfied the preferred reporting items for 
systematic reviews and meta-analysis (PRISMA) [5]. 
The protocol of the systematic review and meta-anal-
ysis was registered in PROSPERO (CRD42022300258).

Eligibility criteria
The study incorporated into the systematic review must 
satisfy PICOS criteria as follow:

P(Patients): Male or Female patients underwent 
esophagectomy.

I(Intervention): Any kinds of esophagectomy with 
cervical anastomosis.

C(Control): Any kinds of esophagectomy with intratho-
racic anastomosis.

O(Outcome): Anastomosis Leak or Mortality must be 
included.

S(Study): RCTs and cohort studies.

Exclusion criteria
The exclusion criteria were listed as following: (1) dupli-
cate studies; (2) studies without comparison between IA 
and CA; (3) non-English literature;

Search
PubMed, Web of Science and ClinicalTrials.gov were 
searched via the following strategy: (esophagectomy 
[MeSH] OR esophagus [MeSH] OR oesophagus [Title/
Abstract] OR esophagus [Title/Abstract] OR oesopha-
geal [Title/Abstract] OR esophageal [Title/Abstract] OR 
oesophagectomy [Title/Abstract] OR esophage* [Title/
Abstract]) AND (anastomosis, surgical [MeSH] OR anas-
tomo*) AND (intrathoracic OR intra-thoracic OR tho-
racic OR Ivor Lewis OR Ivor-Lewis OR transthoracic OR 
trans-thoracic) AND (cervical OR McKeown OR tran-
shiatal OR trans-hiatal) AND ("2001/01/01"[Date—Pub-
lication]: "2022/04/25"[Date—Publication]).

Study selection
The screening of the title and abstract was performed 
independently by two reviewers (Qi-Yue Ge and Yu-Heng 
Wu) using PICOS criteria. In the first stage, two review-
ers selected the studies from  1st January 2001 to  25th 
April 2022 by the title and abstract independently. Then, 
the full texts of the studies selected in the first stage were 
estimated by the two reviewers to determine whether the 
studies meet the inclusion criteria. Any disagreement of 
the inclusion was recorded and discussed in the review 
team. The decision was ultimately made by a third mem-
ber of the review team (Chao Zheng).

Data collection
The data were collected by two reviewers (Qi-Yue Ge, Yu-
Heng Wu) independently using predefined sheet. If any 

Conclusions: IA might be a better anastomotic approach than CA, with a lower incidence of anastomosis leakage 
and no increase in short‑term mortality. Significant heterogeneity and publication bias might limit the reliability of the 
results. More high‑quality studies are needed to verify and update our findings.

Keywords: Esophagectomy, Intrathoracic anastomosis, Cervical anastomosis, Clinical outcomes, Meta‑analysis
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difference exists, the controversial data will be confirmed 
by a third reviewer (Chao Zheng).

Outcome indicators
Main outcomes (anastomotic leak and mortality) and 
secondary outcomes (reoperation, other complications: 
anastomotic stenosis and pneumonia).

Data included
General information (published year, author and pub-
lished journal), participant characteristics of the study 
(age, gender, and neoadjuvant treatment) and in-oper-
ation information (operation time and blood loss in 
operation).

Risk of Bias
The risk of bias of each study was independently evalu-
ated by two reviewers (Qi-Yue Ge and Yu-Heng Wu). 
The RCTs were evaluated by Jaded scale [6] and the 
cohort study were evaluated by NOS [7].

Statistical analysis
According to the PRISMA guidelines, data analyses 
were done by STATA 16.0 software (Stata Corp, College 
Station, TX, USA). The difference of clinical outcomes 
between CA and IA was described by forest plots using 
fixed-effected inverse-variance model and the random 
effect model will be employed according to the hetero-
geneity (if  I2 ≥ 50%). The result would be considered as 
statistically significance if the P value was less than 0.05. 
The comparison was done by pooled ORs with 95% CIs. 
The heterogeneity was assessed by Chi-squared using Q 
statistics and  I2 test. Sensitivity analyses were applied to 
find the source of heterogeneity if necessary  (I2 ≥ 50% 
or P < 0.05). The publication bias was assessed by fun-
nel plots and L’Abbe plots and if necessary, Egger’s test 
would be done.

Results
Study characteristics
Literature search and study selection were shown in 
Fig. 1. A total of 1,208 potential studies were systemati-
cally searched from PubMed, Web of Science and Clini-
calTrials.gov. Twenty of them were finally included after 
screening and exclusions (Fig. 1). The basic characteris-
tics of the included studies were shown in Table 1 and 
7479 patients (CA group: n = 3183; IA group: n = 4296) 
were included. Three RCTs assessed by Jaded scale were 
presented in Table  2. Seventeen cohort studies evalu-
ated by NOS were shown in Table 3.

Primary outcome
Anastomotic leakage
Incidence of anastomotic leakage was reported in all 
20 studies. IA was associated with a lower leak rate 
(OR = 2.05, 95%CI = 1.58–2.65,  I2 = 68.0%, P < 0.01) 
(Fig.  2). The result turned to be same when the stud-
ies were classified in terms of RCT (OR = 3.59, 
95%CI = 1.93–6.68,  I2 = 0.0%, P < 0.01) or cohort study 
(OR = 1.97, 95%CI = 1.61–2.60,  I2 = 53.31%, P < 0.01). 
Funnel plot, L’Abbe plot and sensitivity analysis were 
also presented in Fig.  2. As shown in the sensitiv-
ity analysis, the result remained significant difference 
given any one of these studies was omitted.

Anastomotic leakage classified by Esophagectomy 
Complications Consensus Group (ECCG) classification 
was reported in 5 studies. The forest plots indicated that 
patients undergoing cervical anastomosis are more likely 
to suffer from type I (OR = 2.19, 95%CI = 1.05–4.57, 
 I2 = 0.00%, P = 0.04) or type II (OR = 2.75, 95%CI = 1.96–
3.86,  I2 = 1.80%, P < 0.01) anastomotic leakage. How-
ever, no significant difference was found in type III 
anastomotic leakage (OR = 1.23, 95%CI = 0.82–1.86, 
 I2 = 20.92%, P = 0.31) (Fig. 3).

Fig. 1 Flow chart of selection for included studies
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Mortality
Mortality was reported in 15 studies. 12 of them reported 
the in-hospital mortality which demonstrated that no 
significant difference exists between two approaches 
(OR = 1.31, 95%CI = 0.91–1.88,  I2 = 0.00%, P = 0.15). The 
30-day mortality reported in 8 studies was also of no sig-
nificant difference between two approaches (OR = 1.08, 
95%CI = 0.69–1.70,  I2 = 0.00%, P = 0.74). The 90-day 
mortality rate reported in 6 studies showed that 90-day 
mortality in IA was significantly lower than that in CA 
(OR = 1.66, 95%CI = 1.11–2.47,  I2 = 0.00%, P = 0.01) 
(Fig. 4).

Secondary outcome
Anastomotic stenosis
Incidence of anastomotic stenosis was reported in 6 stud-
ies. The results indicated that patients who underwent 

intrathoracic anastomosis were less likely to suffer from 
anastomotic stenosis than that in cervical anastomosis 
(OR = 2.83, 95%CI = 1.07–7.44,  I2 = 83.50%, P = 0.04). 
(Fig. 5). Heterogeneity may exist among studies.

Pneumonia
Incidence of pneumonia was reported in 11 studies. The 
result showed that no significant difference was found 
between cervical anastomosis and intrathoracic anas-
tomosis (OR = 1.18, 95%CI = 0.97–1.43,  I2 = 0.00%, 
P = 0.09) (Fig. 6).

Reoperation
Reoperation rate was reported in 4 studies. IA had a lower 
reoperation rate than CA (OR = 1.81, 95%CI = 1.12–2.92, 
 I2 = 0.00%, P = 0.02) (Fig. 7).

Table 2 The Jadad scale

Study Random Blinding Lost/Exit Total

0 1 2 0 1 2 0 1

Walther et al., 2003  +  +  + 2

Okuyama et al., 2007  +  +  + 1

Workum et al., 2021  +  +  + 3

Table 3 The Newcastle–Ottawa scale

Study Selection Comparability Exposure Quality score

1 2 3 4 1 1 2 3

Schilling et al., 2001 ★ ☆ ☆ ★ ★☆ ★ ★ ★ 6

Blewett et al., 2001 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Homesh et al., 2006 ★ ★ ☆ ★ ★☆ ★ ★ ☆ 6

Egberts et al., 2008 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Kawoosa et al., 2011 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Klink et al., 2012 ★ ★ ☆ ★ ★★ ★ ★ ★ 8

Zhai et al., 2015 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Huang et al., 2015 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Workum et al., 2016 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Liu et al., 2017 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Gooszen rt al, 2018 ★ ★ ☆ ★ ★★ ★ ★ ★ 8

Shao et al., 2018 ★ ★ ☆ ★ ★★ ★ ★ ★ 8

Schroder et al., 2019 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Chidi et al., 2020 ★ ☆ ☆ ★ ★☆ ★ ★ ★ 6

Workun et al., 2020 ★ ★ ☆ ★ ★★ ★ ★ ★ 8

Jezerskyte et al., 2020 ★ ★ ☆ ★ ★☆ ★ ★ ★ 7

Takahashi et al., 2021 ★ ☆ ☆ ★ ★☆ ★ ★ ★ 6
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Fig. 2 Comparison of the anastomotic leakage. a, b Comparison of the anastomotic leakage between CA and IA; c Funnel plot for anastomotic 
leakage; d L’Abbe plot for anastomotic leakage; e Sensitivity analysis for anastomotic leakage
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Discussion
The systematic review and meta-analysis focused on 
two anastomotic approaches: IA and CA. Based on the 
clinical outcomes, IA was a better approach than CA. 
Patients who have undergone IA were less likely to have 
anastomotic leakage and anastomotic stenosis and had 
a lower reoperation rate and 90-day mortality rate than 
CA from the forest plots. While no significant difference 

was found in pneumonia, in-hospital mortality and 
30-day mortality. Anastomotic approaches were usu-
ally determined by tumor locations. Accordingly, upper-
third esophageal cancer will more likely be handled 
by the CA approach due to its special location, but the 
operation approach for the middle-third or lower-third 
esophageal cancer is usually decided by surgeons. As the 
primary outcome reported, patients with IA had a lower 

Fig. 3 Subgroup analysis of anastomotic leakage. a Comparison of the type I anastomotic leakage between CA and IA; b Funnel plot for type 
I anastomotic leakage; c Comparison of the type II anastomotic leakage between CA and IA; d Funnel plot for type II anastomotic leakage; e 
Comparison of the type III anastomotic leakage between CA and IA; f Funnel plot for type III anastomotic leakage
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anastomotic leakage rate. The result was in line with the 
current high-quality RCT which paid attention to the dif-
ference between the two approaches in minimal invasive 
esophagectomy [8]. The previous systematic review also 

mentioned that CA had a higher anastomotic leakage 
rate than IA [4]. Higher tension and worse vascular sup-
ply were the key risk factors of anastomotic leakage in the 
previous studies [9–11]. Compared to CA, the conduit of 

Fig. 4 Comparison of the mortality. a Comparison of the in‑hospital mortality between CA and IA; b Funnel plot for in‑hospital mortality; c 
Comparison of the 30‑day mortality between CA and IA; d Funnel plot for 30‑day mortality; e Comparison of the 90‑day mortality between CA and 
IA; f Funnel Plot for 90‑day mortality
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Fig. 5 Comparison of the anastomotic stenosis. a Comparison of the anastomotic stenosis between CA and IA; b Funnel plot for anastomotic 
stenosis; c L’Abbe plot for anastomotic stenosis

Fig. 6 Comparison of the pneumonia. a Comparison of the pneumonia between CA and IA; b Funnel plot for pneumonia
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IA was shorter, which implied a lower tension and bet-
ter vascular supply and thus facilitating the healing of 
anastomosis.

Anastomotic stenosis is also a common post-operation 
complication of esophagectomy. The incidence of anasto-
motic stenosis was also lower in the IA group, which may 
associate with the less blood supply of anastomosis con-
cerning the previous results [9–11].

A detailed comparison was performed to explain the 
similar short-term mortality rates between the two 
approaches. The anastomotic leakage was divided into 
3 types by ECCG classification [12]. IA has a lower type 
I and type II anastomotic leakage rate than CA while 
no significant difference was found in type III between 
the two approaches. Type III anastomotic leakage was 
defined as a localized defect requiring surgical therapy 
by ECCG classification, which meant that patients suf-
fering from type III anastomotic leakage are more likely 
to be life-threatening, compared to type I and type II 
anastomotic leakage. Therefore, no significant difference 
was found in 30-day and in-hospital mortality though a 
higher anastomotic leak rate was found in CA.

A study in 2015 proposed that 90-day mortality follow-
ing esophagectomy might have a close connection to the 
readmission rate and a high risk of early mortality was 
found in patients admitted within 30 days [13]. As the 
result showed, CA had higher 90-day mortality than IA, 
which may be due to its high incidence of anastomotic 
leakage and anastomotic stenosis and high reoperation 
rate. Thus, compared to CA, IA is a better anastomotic 
approach.

In line with the previous studies, our study shows a 
similar result in the incidence of anastomotic leakage, 
anastomotic stenosis, pneumonia and 30-day mortal-
ity. However, different to the previous study, our study 
is to investigate the more detailed differences between 
IA and CA through subgroup analysis. Moreover, our 
study enhances the level of evidence by involving a novel 

RCT (van Workum et al. [8]) published in 2021. Finally, 
our study has a large sample size which includes relevant 
studies over 20 years, making it more comprehensive and 
reliable.

However, this meta-analysis also contains some limita-
tions. Firstly, the studies included do not share the same 
outcomes. Then, the insufficiency of data restricts a fur-
ther subgroup analysis of the tumor location selection. 
As the site of anastomosis has a connection to the loca-
tion of the tumor, the result might be more accurate if the 
tumor location could be fixed. Furthermore, the variance 
between the collection criteria concerning each study 
and its connection towards the anastomotic leakage were 
lacking in our study. Finally, most of the included stud-
ies are cohort studies, which leads to an expected hetero-
geneity of data. More high-quality studies are needed to 
verify and update our findings. Future study will focus 
on the long-term outcomes between IA and CA and the 
connection between anastomotic technique and anasto-
motic leakage.

Conclusion
In conclusion, based on the meta-analysis, IA might be 
a better anastomotic approach than CA. A lower inci-
dence of anastomotic leakage and anastomotic stenosis 
was found in IA group and no increase in short-term 
mortality was indicated. Although heterogeneity and 
publication bias might limit the reliability of the results, 
surgeons should make a more cautious judgement of 
the operation approaches.
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