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Abstract
Thoracic esophagectomy is a particularly invasive and complicated surgical proce-
dure, with a reconstruction of the gastrointestinal tract, such as the stomach, jeju-
num, or colon. The posterior mediastinal, retrosternal, and subcutaneous routes are 
the three possible esophageal reconstruction routes. Each route has advantages and 
disadvantages, and the optimal reconstruction route after esophagectomy remains 
controversial. Additionally, the best anastomotic techniques after esophagectomy 
in terms of location (Ivor Lewis or McKeown) and suturing (manual or mechanical) 
are debatable. Our meta- analysis investigating postoperative complications after 
esophagectomy between the posterior mediastinal and retrosternal routes re-
vealed that the posterior mediastinal route was associated with a significantly lower 
anastomotic leakage rate than the retrosternal route (odds ratio = 0.78, 95% confi-
dence interval: 0.70– 0.87, p < 0.0001). Conversely, pulmonary complications (odds 
ratio = 0.80, 95% confidence interval: 0.58– 1.11, p = 0.19) and mortality between the 
posterior mediastinal and retrosternal routes (odds ratio = 0.79, 95% confidence in-
terval: 0.56– 1.12, p = 0.19) were not significantly different. However, the incidence of 
pneumonia may be lower when using the retrosternal route rather than the posterior 
mediastinal route for performing minimally invasive esophagectomy. The McKeown 
procedure is oncologically necessary for tumors located above the carina to dissect 
upper mediastinal and cervical lymph nodes; however, the Ivor Lewis procedure of-
fers perioperative and oncological safety for tumors located under the carina. An 
individualized treatment strategy for selecting the optimal reconstruction procedure 
can be proposed in future studies based on oncological and patient risk factors con-
sidering mid-  to long- term quality of life.
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1  |  INTRODUC TION

Esophageal cancer is the sixth leading cause of cancer- related mortal-
ity worldwide because of its high malignant potential and poor prog-
nosis.1 Esophagectomy remains the most effective treatment option, 
although chemoradiotherapy may effectively treat esophageal cancer. 
The vast majority of esophageal cancers in the Asia- Pacific region, 
including Japan, are squamous cell carcinomas (SCCs) located in the 
upper to lower portions of the thoracic segment of the esophagus.2 
Subtotal esophagectomy, two- or three- field lymphadenectomy, and 
reconstruction using organs, such as a gastric tube, whole stomach, 
colon, or jejunum, are common surgical treatments for thoracic esoph-
ageal SCC.2,3 Despite advances in extended lymph node dissection 
and perioperative management of esophagectomy, these procedures 
remain highly invasive and are associated with severe morbidities, such 
as anastomotic leaks, pulmonary complications, and cardiac events.4

Transthoracic esophagectomy can be performed via intratho-
racic or cervical anastomosis. In East Asia, thoracic esophageal SCC 
is predominant, for which the McKeown procedure (cervical anas-
tomosis) is typically used; conversely, in western countries, esoph-
agogastric junctional adenocarcinoma is predominant, for which the 
Ivor Lewis procedure (intrathoracic anastomosis) is typically used.5 
Regional preferences differ depending on the predominant tumor 
location; thus, the superior procedure (Ivor Lewis vs. McKeown) re-
mains controversial.

The posterior mediastinal, retrosternal, and subcutaneous routes 
are the three possible esophageal reconstruction routes. Each route 
has advantages and disadvantages, and the optimal reconstruction 
route after esophagectomy remains controversial.6 The first- choice 
route for reconstruction after esophagectomy in clinical practice de-
pends on institutional policy or surgeon preference.7 However, the 
final reconstruction route might differ depending on the tumor stage 
and patient comorbidities.7 The retrosternal route is often selected 
for patients who are at high risk of postoperative local recurrence 
because irradiating the posterior mediastinum is easier. Conversely, 
the posterior mediastinal route is frequently selected for patients 
with a history of cardiac surgery because constructing the retroster-
nal route through the front of the heart is difficult.

Recently, the stomach has been the most common first choice 
for esophageal replacement, with the jejunum or colonic interposi-
tion being the conduit of choice when the stomach is not available.8 
The use of the jejunum or colon depends on institutional policy or 
surgeon preference, and the superior organ (jejunum vs. colon) re-
mains controversial.

Currently, the mainstream anastomotic techniques include man-
ual suturing, circular stapling, side- to- side linear stapling (also known 
as Collard and T- sharp anastomoses), and triangulating stapling.9 
Because of the lack of large- scale randomized controlled trials 
(RCTs), there is no conclusive evidence regarding these anastomotic 
techniques. Thus, the anastomotic technique is currently not stan-
dardized and depends on institutional policy or surgeon preference.

This review describes the optimal reconstruction procedures after 
esophagectomy, considering the reconstructed routes; reconstructed 

organs; anastomotic technique in terms of location and suturing; and 
short- term outcomes, such as postoperative complications, mortality, 
or postoperative quality of life (QOL).

2  |  CURRENT STATUS OF 
RECONSTRUC TION AF TER 
ESOPHAGEC TOMY IN JAPAN

The latest National Clinical Database (NCD), which is a nationwide, 
web- based, data entry system in Japan, reported 4916 and 6111 es-
ophagectomies with a 90- day mortality rate of 3.2% in 2011 and 
1.5% in 2020, respectively.10 NCD revealed the increasing incidence 
of esophagectomy and decreasing mortality in Japan. The incidence 
of endoscopic surgery, such as thoracoscopic esophagectomy, was 
31.0% in 2011, which increased to 71.3% in 2020, indicating the rap-
idly increasing incidence of endoscopic surgery in esophagectomy.10 
Since 2018 when robotic esophagectomy was covered by health in-
surance, its use has spread rapidly, and robotic esophagectomy will 
likely account for most endoscopic surgeries during esophagectomy 
in the future.

The comprehensive registry of esophageal cancer in Japan re-
ported 5172 reconstruction cases after esophagectomy in 2015, 
in which the retrosternal route was the most common in 2383 
(46.1%) cases, followed by the posterior mediastinal route in 1977 
(38.2%) cases, accounting for 85% of the two routes.2 Additionally, 
319 (6.2%) and 317 (6.1%) reconstructions were performed via the 
subcutaneous and intrathoracic routes, respectively. Of the total 
5276 organs, gastric conduits accounted for the majority in 4504 
(85.4%) cases, whole stomach in 212 (4.0%), jejunum in 210 (4.0%), 
and colon in 158 (3.0%) cases. The comparison of the theoretical ad-
vantages of gastric conduit and other organs revealed inherent easy 
access, rich submucosal vasculature, and elasticity in the stomach. 
Therefore, the stomach is the most common first choice for esopha-
geal replacement.8 The jejunum and colon are the conduits of choice 
when the stomach is unavailable for esophageal replacement.11 
This review describes the optimal reconstruction procedures after 
esophagectomy.

3  |  COMPARISON OF THE LENGTHS 
OF THE POSTERIOR MEDIA STINAL , 
RETROSTERNAL ,  AND SUBCUTANEOUS 
ROUTES

When the reconstructed organ is mobilized, straightened, and pulled 
up to the neck, the feeding blood vessels are sacrificed to prioritize 
long distances, resulting in decreased blood flow to the tip of the 
reconstructed organ (Figure 1).6 Poor blood flow to the anastomosis 
is considered a major cause of anastomotic leakage.12 A reasonable 
strategy to prevent anastomotic leakage is to pull up the recon-
structed organs through the shortest route because the blood flow 
worsens when approaching the tip of the reconstructed organ.6
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To date, several studies have compared the lengths of the 
three reconstruction routes (Table 1).6,13– 18 The subcutaneous 
route is longer than the posterior mediastinal and retrosternal 
routes.6 Some reports have revealed that the posterior mediasti-
nal route is shorter than the retrosternal route.13– 15,17 Conversely, 
other reports have indicated that the retrosternal route is shorter 
than the posterior mediastinal route6,16– 18; thus, no consensus has 
been reached yet. There are two possible explanations for the 
lack of consistent findings in the studies that aimed to identify 

the shortest reconstruction route.6 One is whether the study was 
performed in cadavers or living patients and the other is the dif-
ference in the reference points used for measurement. All three 
studies that obtained measurements intraoperatively in living sub-
jects concluded that the retrosternal route is the shortest,6,16,18 
which may be true. A surgical reconstruction route may not be 
accurately reproduced in a cadaver. With regard to differences 
in the reference points used for measurement, most studies have 
used the left inferior border of the cricoid cartilage as the proximal 

F I G U R E  1  Illustration comparing the 
retrosternal and posterior mediastinal 
routes.

TA B L E  1  Comparison of the lengths of the posterior mediastinal and retrosternal routes.

References
No. of 
cases Subjects

Proximal 
reference point Distal reference point

Length of PM 
(cm)

Length of RS 
(cm)

Difference 
(PM– RS) 
(cm)

Orringer et al.13 10 Cadaver Unknown Unknown Unknown Unknown PM < RS

Ngan et al.14 20 Cadaver Cricoid cartilage Celiac axis 30.3 ± 2.1 32.2 ± 2.6 −1.9

Coral et al.15 50 Cadaver Cricoid cartilage GDA 32.44 ± 4.2 34.95 ± 3.1 −2.51

Celiac axis 30.82 ± 3.5 36.13 ± 3.2 −5.31

Chen et al.16 60 Living patients Cricoid cartilage Pyloric ring 35.5 ± 2.9 32.7 ± 2.7 +2.8

Hu et al.17 20 Cadaver Cricoid cartilage GDA 36.7 ± 2.7 35.4 ± 2.6 +1.3

Celiac axis 32.4 ± 2.3 34.9 ± 2.5 −2.5

Pyloric ring 36.4 ± 2.9 34.9 ± 2.8 +1.5

Yang et al.18 103 Living patients Suprasternal 
notch

Intersection point 
of the lesser 
curvature and 
pyloric channel

30.18 ± 1.43 27.69 ± 1.35 +2.49

Yasuda et al.6 112 Living patients Cricoid cartilage Superior border of the 
duodenum arising 
from the head of 
the pancreas

34.7 ± 2.37 32.4 ± 2.24 +2.31

Abbreviations: GDA, gastroduodenal artery; PM, posterior mediastinal route; RS, retrosternal route.
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reference point, which is extremely close to the endpoint of re-
construction; hence, it can be regarded as the optimum measure-
ment point.6 Conversely, the distal reference point differs among 
reports. Some studies have set the pyloric ring as the distal ref-
erence point; however, the pyloric ring moves during gastric con-
duit pull- up and is considered inappropriate as the distal reference 
point. Considering that the point that limits gastric conduit ele-
vation is optimal as a distal reference point, the gastroduodenal 
artery or the boundary between the first and second parts of the 
duodenum is an appropriate distal reference point.6

Therefore, the retrosternal route was shorter than the posterior 
mediastinal route in all studies using appropriate distal references in 
living patients. The retrosternal route is optimal based on the length 
of the reconstruction routes; however, the optimal reconstruction 
route cannot be determined only by the length of the reconstruction 
route.

4  |  COMPARISON OF POSTOPER ATIVE 
COMPLIC ATIONS BET WEEN THE 
POSTERIOR MEDIA STINAL AND 
RETROSTERNAL ROUTES

Among the three different reconstruction routes, the posterior 
mediastinal and retrosternal routes constitute the vast majority 
because of their advantages over the subcutaneous route, such 
as shorter reconstruction routes and fewer cosmetic changes 
after esophagectomy (Figure 1).7 Currently, the subcutaneous 
route is an option only in high- risk patients or when gastric con-
duit is unavailable. Therefore, this chapter compares the incidence 
of postoperative complications after esophagectomy between 
the posterior mediastinal and retrosternal routes using gastric 

conduits. Two important studies compared the posterior medi-
astinal and retrosternal routes after esophagectomy (Table 2).7,19 
The first is a high- quality meta- analysis of 19 articles, including 
eight RCTs and 11 case– control trials.19 The second is a large- scale 
nationwide retrospective study on NCD data in Japan.7 Because 
the search period for the previous meta- analysis was until March 
2020, we manually searched for appropriate articles after the 
search period, added a study analyzing NCDs7 and a retrospective 
study,20 and performed another meta- analysis that included data 
from the previous meta- analysis.19

Review Manager Software® (Rev Man 5.3, Cochrane Collabora-
tion) was used for analyses. A Mantel– Haenszel model was used for 
pooled analysis, and values were reported as odds ratios (ORs) with 
95% confidence intervals (CIs). The significance of pooled ORs was 
determined using the Z- test. A p- value of <0.05 was considered to 
indicate statistical significance.

Cochran's chi- square statistic was used to assess the statistical 
heterogeneity for each pooled estimate, which was quantified using 
Ι2 statistic. An Ι2 value of >50% was considered to indicate hetero-
geneity. A random- effect model was employed if heterogeneity was 
detected, and a fixed- effect model was used in other cases.

4.1  |  Anastomotic leakage

The anastomotic leakage rate in patients undergoing esophageal 
reconstruction was high at 13.3%.21 This rate is higher than that as-
sociated with other major abdominal surgeries, including total gas-
trectomy, rectal resection, and pancreaticoduodenectomy.6

Our meta- analysis evaluated the impact of reconstruction 
routes on anastomotic leakage in six RCTs including 192 poste-
rior mediastinal and 169 retrosternal cases,19,22– 27 12 case– control 

TA B L E  2  Comparison of postoperative complications and mortality of the posterior mediastinal and retrosternal routes.

Study type Reconstruction route

Anastomotic leakage Pulmonary complications Mortality

Ratio p- Value Ratio p- Value Ratio p- Value

Meta- analysis among 
RCTs19

Posterior mediastinal 15.6% (30/192) 0.33 24.8% (31/125) 0.26 4.8% (6/125) 0.10

Retrosternal 18.9% (32/169) 30.2% (39/129) 10.9% (14/129)

Meta- analysis among 
case– control 
trials19

Posterior mediastinal 11.1% (105/948) <0.0001 25.4% (168/661) 0.002 6.9% (32/464) 0.31

Retrosternal 18.0% (216/1198) 27.3% (202/740) 4.0% (17/424)

NCD data analysis7 Posterior mediastinal 11.7% (408/3478) 0.005 13.7% (475/3478) 0.040 0.9% (33/3478) 0.835

Retrosternal 13.8% (868/6308) 12.2% (769/6308) 1.0% (64/6308)

Our meta- analysis Posterior mediastinal 11.8% (550/4649) <0.0001 15.9% (683/4295) 0.19 1.7% (71/4067) 0.19

Retrosternal 14.6% (1121/7703) 14.0% 
(1012/7205)

1.4% (95/6861)

Abbreviations: NCD, National Clinical Database; RCT, randomized controlled trial.

F I G U R E  2  Forest plots comparing the effects of reconstruction routes after esophagectomy on anastomotic leakage (A), pulmonary 
complications (B), and mortality (C). The Mantel– Haenszel random- effect model (B) or fixed- effect model (A, C) was used for the meta- 
analysis. Odds ratios are shown with 95% confidence intervals. PM, posterior mediastinal; RS, retrosternal.
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trials comprising 979 posterior mediastinal and 1226 retrosternal 
cases,18– 20,28– 37 and NCD analysis including 3478 posterior medi-
astinal and 6308 retrosternal cases7 (Figure 2A). Our meta- analysis 
showed that the posterior mediastinal route was significantly asso-
ciated with a lower anastomotic leakage rate than the retrosternal 
route (OR = 0.78, 95% CI: 0.70– 0.87, p < 0.0001).

Similarly, our meta- analysis and NCD analysis revealed that the 
posterior mediastinal route had significantly less anastomotic leak-
age after esophagectomy than the retrosternal route. These results 
may provide strong evidence for less anastomotic leakage in the 
posterior mediastinal route than in the retrosternal route.

Blood flow and tension are important risk factors for anastomotic 
leakage. Compared with the posterior mediastinal route, the sternal 
stalk is compressed in the retrosternal route, which may cause ten-
sion in the gastric conduit.19 Based on the previous chapter review, 
the retrosternal route was believed to be shorter than the posterior 
mediastinal route, and the difference between the two routes was 
2.3 cm according to Yasuda et al.6 Although the posterior mediastinal 
route is longer than the retrosternal route, the anastomosis may re-
ceive sufficient blood flow through both routes and may not contrib-
ute to anastomotic leakage. Therefore, compression has a greater 
impact on anastomotic leakage than blood flow in gastric conduit 
reconstruction after esophagectomy.

4.2  |  Pulmonary complications

Pulmonary complications are the most frequent nonsurgical compli-
cations (approximately 15%),21,38 and we previously reported that 
pulmonary complications have a significant negative effect on over-
all survival after esophagectomy.39– 41

Our meta- analysis evaluated the impact of reconstruction routes 
on pulmonary complications in five RCTs comprising 125 posterior 
mediastinal and 129 retrosternal cases,19,22– 26 nine case– control 
trials including 692 posterior mediastinal and 768 retrosternal 
case,19,20,28,30,33– 37 and NCD analysis involving 3478 posterior me-
diastinal and 6308 retrosternal cases (Figure 2B). Our meta- analysis 
revealed no significant difference in pulmonary complications be-
tween the posterior mediastinal and retrosternal groups (OR = 0.80, 
95% CI: 0.58– 1.11, p = 0.19).

However, NCD data in Japan revealed that the incidence of 
pneumonia was significantly lower in the retrosternal group than 
in the posterior mediastinal group (12.2% vs. 13.7%; p = 0.040).7 A 
latest case– control study revealed a significantly lower incidence 
of pneumonia in reconstruction cases after thoracoscopic and lap-
aroscopic esophagectomies via the retrosternal route than via the 
posterior mediastinal route (7.1% vs. 29.0%, p = 0.036).20 A feature 
of this case– control study is that minimally invasive esophagectomy 
(MIE) was performed in all cases, whereas MIE was performed in 
85.9% of posterior mediastinal and 74.4% of retrosternal cases in 
NCD analysis.7 In contrast, our meta- analysis covered studies from 
1993 to 2022 and revealed a considerably lower rate of MIE. The in-
cidence of pneumonia may be lower when performing MIE through 

the retrosternal route than through the posterior mediastinal route. 
The posterior mediastinum could be occupied by gastric tube and 
omentum in the posterior mediastinal route, which may compress 
the trachea and bronchus and cause pulmonary atelectasis and 
pneumonia.7 However, further cases, particularly MIE cases, should 
be accumulated and analyzed as this is a controversial topic.

4.3  |  Mortality

NCD revealed a decreasing trend in mortality rate for esophagec-
tomy from 3.2% in 2011 to 1.5% in 2020, which is similar to the 
mortality rate for total gastrectomy.10

Our meta- analysis evaluated the effect of reconstruction routes 
on mortality in five RCTs including 125 posterior mediastinal and 129 
retrosternal cases,19,22– 26 five case– control trials comprising 464 pos-
terior mediastinal and 424 retrosternal cases,18,19,30,33,35,36 and NCD 
analysis involving 3478 posterior mediastinal and 6308 retrosternal 
cases7 (Figure 2C). Similar to NCD analysis, our meta- analysis revealed 
no significant difference in mortality between the posterior medias-
tinal and retrosternal groups (OR = 0.79, 95% CI: 0.56– 1.12, p = 0.19).

These results may provide strong evidence for the same safety 
offered by the posterior mediastinal and retrosternal routes. 
Recently, the introduction of MIE and improvement in perioperative 
management after esophagectomy have reduced the mortality rate, 
and both the posterior mediastinal and retrosternal routes are con-
sidered safe.

5  |  COMPARISON OF QOL BET WEEN 
THE POSTERIOR MEDIA STINAL AND 
RETROSTERNAL ROUTES

The interest in QOL has increased because of the increased number 
of long- term survivors after esophagectomy; however, only a few 
studies have compared QOL between the posterior mediastinal and 
retrosternal groups after esophagectomy (Figure 3). Wang et al.34 
compared QOL in 97 patients with regard to reconstruction routes 
after esophagectomy. They suggested that the retrosternal route 
is related to better QOL because the retrosternal group presented 
with fewer symptoms of dyspnea and reflux than the posterior me-
diastinal group at 12 and 24 weeks postoperatively. Recently, Park 
et al.42 revealed similar results. The QOL functional scales based 
on the reconstruction route revealed no differences at 2 years after 
esophagectomy, although differences were noted in early periods. 
Among the various symptom scales and single items of OES- 18, 
dysphagia and esophageal pain may be more severe in the retros-
ternal route than in the posterior mediastinal route; however, the 
functional symptoms did not differ between the two routes. This 
result suggested that the choice of reconstruction route after es-
ophagectomy can be determined based on the oncological status of 
each patient or risk of postoperative complications, without consid-
ering functional outcomes or QOL.42
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6  |  COMPARISON OF IVOR LE WIS AND 
MCKEOWN PROCEDURE

Transthoracic esophagectomy, which can be performed with either 
intrathoracic or cervical anastomoses, is preferred by many sur-
geons because it allows for adequate thoracic lymph node dissec-
tion (Figure 3).43 Intrathoracic anastomosis after esophagectomy is 
defined as the Ivor Lewis procedure, whereas cervical anastomosis 
after esophagectomy is defined as the McKeown procedure. Initially, 
performing intrathoracic anastomosis was technically difficult in 
thoracoscopic esophagectomy; however, it has recently become 
relatively safe.44,45 In general, the McKeown procedure is indicated 
for upper to distal esophageal and junctional cancers, whereas the 
Ivor Lewis procedure is indicated for middle to distal esophageal and 
junctional cancers. In general, the Ivor Lewis procedure is believed 
to be superior to the McKeown procedure as it is associated with 
a lower incidence of anastomotic leak and better cosmetic effect 
in patients undergoing open esophagectomy with two- field lym-
phadenectomy.44 However, most recent esophagectomies are mini-
mally invasive, and reports of the Ivor Lewis procedure via MIE are 
increasing.43

Two important reports were recently published, and the supe-
rior approach (Ivor Lewis vs. McKeown) remains controversial.43,46 
One is an RCT conducted in the Netherlands, which was limited to 
MIE,46 and the other is a meta- analysis focusing on cases reported in 
the past decades.43 The RCT revealed that the Ivor Lewis procedure 
was associated with a significantly lower anastomotic leak rate than 
the McKeown procedure (12.3% vs. 34.1%; p < 0.001).46 Further, 
the meta- analysis reported that the McKeown procedure was asso-
ciated with significantly higher grades of anastomotic leakage and 
recurrent laryngeal nerve palsy than the Ivor Lewis procedure.43 
Therefore, the anastomotic leakage rate was higher in the McKeown 

procedure; however, the RCT reported that the anastomotic leakage 
rate in the McKeown procedure was 34.1%,43 which was consider-
ably higher than that reported in NCD data in Japan.21 Poor blood 
flow to the tip of the gastric tube and gastric tube compression by 
the thoracic outlet may lead to a higher incidence of anastomotic 
leakage in the McKeown procedure than in the Ivor Lewis proce-
dure. The posterior mediastinal and retrosternal routes are gener-
ally longer in individuals from western countries than in those from 
Asian countries regardless of the reconstructed route because of 
racial differences, and the blood flow to the tip of the gastric tube is 
poor, which may lead to a higher incidence of anastomotic leakage in 
the McKeown procedure in individuals from western countries. The 
comprehensive registry of esophageal cancer in Japan revealed that 
the Ivor Lewis procedure was performed only in 6.1% of patients,2 
and the rate of anastomotic leakage in NCD (13.4%) appears simi-
lar to that in the McKeown procedure. Both procedures require a 
learning curve, and the McKeown and Ivor Lewis procedures have 
similar rates of anastomotic leakage when performed at experienced 
institutions. Compared with intrathoracic anastomotic leakage, it is 
easier to manage cervical anastomotic leakage to prevent the wors-
ening of the condition. The McKeown procedure is safer than the 
Ivor Lewis procedure even with same anastomotic leakage rates be-
cause intrathoracic anastomotic leakage is more severe than cervi-
cal anastomotic leakage. The RCT reported no significant difference 
between the McKeown and Ivor Lewis procedures in terms of gastric 
tube necrosis, which is a more serious complication of poor blood 
flow.46

The McKeown procedure has the advantages of cervical lymph 
node dissection and more proximal resection margins in terms of 
oncologic efficacy; however, no difference was observed in the 
total lymph nodes retrieved during surgery and R0 resection rates 
between the two procedures in the meta- analysis.43 These results 

F I G U R E  3  Illustration comparing the 
Ivor Lewis and McKeown procedures.
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indicate that all studies included in the meta- analysis enrolled pa-
tients with middle to distal thoracic esophageal or gastroesophageal 
junction cancer, in whom cervical lymph node dissection is not re-
quired; thus, both procedures are oncologically feasible.43 Therefore, 
Ivor Lewis esophagectomy offers perioperative and oncological 
safety for tumors located under the carina. Recently, a propensity 
score- matched analysis using data from the Netherlands Cancer 
Registry and a Population- based Nationwide Study in Finland both 
reported no statistically significant difference in long- term survival 
between the Ivor Lewis and McKeown procedures.47,48

McKeown procedure is suitable for tumors located above the ca-
rina. As many esophageal cancers in individuals from East Asia are 
located above the carina, they must undergo McKeown procedure. 
In contrast, Ivor Lewis procedure is considered useful for tumors 
located below the carina. However, unifying both procedures into 
one is considered safer because each procedure requires a separate 
learning curve. In Japan, the anastomotic leak rate of Ivor Lewis 
procedure equivalent to that in western countries was achieved by 
unifying both procedures, thereby achieving the oncological advan-
tages of three- field lymphadenectomy.

7  |  SHAPE AND SIZE OF THE GA STRIC 
CONDUIT

When using the stomach as a reconstructed organ, the gastric tube 
is categorized into whole stomach, subtotal stomach, and narrow 
gastric tube. Several studies have shown the superiority of the 
whole stomach approach over the narrow gastric tube approach 
because the former approach can confer greater submucosal vas-
cular protection and slightly increase gastric volume.49 Furthermore, 
blood perfusion is significantly reduced after tubular gastric surgery. 
In contrast, other studies have revealed a more consistent anatomy 
of the narrow gastric tube with physiological needs, and the lower 
anastomotic tension associated with this technique can reduce the 
incidence of postoperative complications.50 Another advantage of 
narrow gastric tubes is that longer gastric tubes can be created com-
pared with whole or subtotal stomach. In 2015, the comprehensive 
registry of esophageal cancer in Japan reported 4504 (85.4%) and 
212 (4.0%) cases with gastric tube and whole stomach as a recon-
structed organ, respectively,2 indicating that the use of gastric tube 
is overwhelmingly more common in Japan. When the whole stomach 
is used as a reconstructed organ, lymph node dissection of lesser 
curvature might be insufficient; thus, its indication is limited.

Zhang et al.51 conducted a meta- analysis including 1571 patients 
(826 in the narrow gastric tube group and 745 in the whole stomach 
group). Compared with the whole stomach approach, the narrow 
gastric tube approach was associated with a lower incidence of re-
flux esophagitis (95% CI: 0.16– 0.81, p = 0.01) and thoracic stomach 
syndrome (95% CI: 0.17– 0.55, p < 0.0001). The rates of anastomotic 
leakage and anastomotic stenosis as well as incidence of pneumonia 
and delayed gastric emptying did not differ significantly between 

the two groups. This meta- analysis concluded that the narrow gas-
tric tube approach is superior to the whole stomach approach be-
cause the former approach is associated with a lower incidence of 
postoperative reflux esophagitis and thoracic stomach syndrome.

Recently, Yoshida et al.52 reported excellent results of low anas-
tomotic leakage rate (0.67%) and incidence of pneumonia (3.0%) via 
the subtotal stomach approach. The rate of anastomotic leakage 
and incidence of pneumonia were both lower than those reported 
in NCD data in Japan.10,52 The subtotal stomach approach has also 
been reported to maintain good QOL with less postoperative reflux. 
The anastomotic technique in this study was performed manually in 
all cases, with the posterior mediastinal route as the reconstruction 
route in 83.7% of cases. The excellent low anastomotic leakage rate 
can be attributed to the subtotal stomach approach as well as other 
factors such as anastomotic technique or reconstruction route; 
however, the superiority of the subtotal stomach approach over the 
narrow gastric tube approach should be verified in large- scale RCTs.

8  |  BEST ANA STOMOTIC TECHNIQUE 
FOR CERVIC AL ESOPHAGOGA STRIC 
ANA STOMOSIS

Anastomotic techniques after esophagectomy have been exten-
sively investigated in terms of suturing (manual or mechanical) and 
type (end- to- end, side- to- side, or end- to- side). Despite extensive re-
search, the best anastomosis technique remains controversial. Some 
meta- analyses have compared manual suturing, circular stapling, 
linear stapling, and triangulating stapling after esophagectomy. In 
2014, Honda et al.53 reported that circular stapling is associated 
with a higher risk of anastomotic strictures than manual suturing in 
esophagogastric anastomosis. In 2015, Deng et al.54 reported that 
linear stapling is associated with a lower rate of leakage and risk of 
stricture than circular stapling. In 2020, Hua et al.55 reported that 
triangulating stapling is associated with a lower incidence of anas-
tomotic stricture and postoperative lung complications than circular 
stapling in cervical anastomosis.

Recently, a Bayesian network meta- analysis comparing man-
ual suturing, circular stapling, linear stapling, and triangulating 
stapling for cervical esophagogastric anastomosis has been pub-
lished.9 The meta- analysis revealed that triangulating stapling is 
associated with a lower incidence of anastomotic leakage than 
manual suturing and circular stapling (triangulating stapling vs. 
manual suturing: OR = 0.32, 95% CI: 0.1– 0.9; triangulating sta-
pling vs. circular stapling: OR = 0.37, 95% CI: 0.13– 1.0); moreover, 
it is associated with a lower incidence of anastomotic stricture 
than manual suturing and circular stapling (triangulating stapling 
vs. manual suturing: OR = 0.32, 95% CI: 0.11– 0.86; triangulat-
ing stapling vs. circular stapling: OR = 0.23, 95% CI: 0.08– 0.58).9 
Triangulating stapling is considered the best suturing technique 
in terms of anastomotic leakage, pulmonary complication, anas-
tomotic stricture, and reflux esophagitis.9 However, a network 
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meta- analysis revealed fewer patients in the triangulating stapling 
group (n = 220) than in the manual suturing (n = 2172), circular 
stapling (n = 915), and linear stapling (n = 1713) groups; moreover, 
most triangulating stapling cases have been reported recently; 
thus, careful attention is needed when interpreting the results. 
Moreover, the best anastomosis technique for each reconstruc-
tion route is controversial because this network meta- analysis did 
not consider the reconstruction route. In the future, the best anas-
tomotic technique should be demonstrated in a large- scale RCT 
that considers the reconstruction route.

9  |  INDOCYANINE GREEN 
FLUORESCENCE IMAGING FOR 
E VALUATING BLOOD FLOW IN THE 
RECONSTRUC TED CONDUIT

Near- infrared fluorescence imaging with indocyanine green (ICG) 
has been used as a real- time navigation tool in various surgical 
fields.56,57 ICG fluorescence imaging provides high sensitivity 
and clear contrast because of its low inherent autofluorescence 
background and high tissue penetration.58 Koyanagi et al.59 con-
ducted a meta- analysis investigating six studies that compared the 
incidence of anastomotic leakage in the ICG and control groups 
and revealed a lower incidence of anastomotic leakage in the ICG 
group (8.4%) than in the control group (18.5%). Additionally, they 
revealed a high incidence of anastomotic leakage of 43.1% and 
24% in patients who did not undergo and those who underwent 
any intraoperative intervention for poor blood flow.59 ICG fluores-
cence imaging allowed surgeons to objectively identify the most 
appropriate anastomosis site and perform intraoperative interven-
tions, as needed, to improve blood perfusion at the anastomosis 
site. ICG fluorescence imaging is not affected by blood pressure 
level, intraoperative blood loss, hemoglobin concentration, or 
ICG injection volume, making it a feasible technique for assessing 
blood perfusion in the gastric conduit during reconstruction after 
esophagectomy.60 ICG fluorescence imaging could be an important 
adjunctive tool for reducing anastomotic leakage after esophagec-
tomy, suggesting that it should be performed during esophageal 
reconstruction.

10  |  OPTIMAL RECONSTRUC TION ROUTE 
FOR THE JEJUNUM AND COLON AF TER 
ESOPHAGEC TOMY

The conduit of choice when the stomach is not available for esopha-
geal replacement is the jejunum or colonic interposition. The com-
prehensive registry of esophageal cancer in Japan reported a slightly 
higher ratio of the use of the jejunum (4.0%) than that of the colon 
(3.0%); however, the ratio is similar.2 The use of the jejunum or colon 
depends on institutional policy or surgeon preference. When using a 
pedicled jejunum as conduit, the need to “supercharge” the conduit 

with a microvascular anastomosis limited the reconstruction route 
options to the subcutaneous route.61

Brown et al.8 reported a meta- analysis of the optimal conduit 
route according to the colonic interposition after esophagectomy. 
The overall pooled morbidity, mortality, and anastomotic leak rates 
were 18.9% (95% CI: 15.27– 22.43, p < 0.001), 7% (95% CI: 5.18– 
8.82, p < 0.001), and 17.6% (95% CI: 11.21– 23.89, p < 0.001) in the 
posterior mediastinal route; 9.2% (95% CI: 6.48– 11.99, p < 0.001), 
4.8% (95% CI: 3.74– 5.89, p < 0.001), and 8.4% (95% CI: 6.04– 10.82, 
p < 0.001) in the retrosternal route; and 17.2% (95% CI: 13.01– 21.38, 
p < 0.001), 9.3% (95% CI: 9.20– 9.40, p < 0.001), and 16.8% (95% CI: 
13.43– 20.17, p < 0.001) in the subcutaneous route, respectively. 
Compared with the posterior mediastinal and subcutaneous routes, 
the retrosternal route was associated with the lowest overall pooled 
morbidity, mortality, and anastomotic leak rates. This meta- analysis 
revealed that the left colonic conduit was associated with lower 
overall pooled morbidity, mortality, and anastomotic leakage than 
the right colonic conduit and concluded that left colonic conduits 
placed in the retrosternal route were the safest.8

Some institutions prefer cologastrostomy with remnant stomach 
preservation after esophagectomy with extended lymphadenec-
tomy.62,63 Kitadani et al.62 reported that cologastrostomy with rem-
nant stomach preservation showed benefits in terms of surgical 
outcomes and postoperative nutritional status. Colonic interposition 
would be beneficial even when the gastric conduit is available for 
esophageal replacement.

11  |  CONCLUSION

This review revealed no difference in mortality between the retros-
ternal and posterior mediastinal routes in gastric conduit reconstruc-
tion after esophagectomy, demonstrating that both routes are safe and 
effective; however, there is still a lack of evidence regarding mid-  to 
long- term comparison of QOL, and this is a future issue. Anastomotic 
leakage was significantly less in the posterior mediastinal route, and 
the incidence of pneumonia was significantly lower in the retroster-
nal route in MIE. Therefore, the reconstruction route can be selected 
according to the risk factors of each complication. Patients at risk for 
anastomotic leakages, such as diabetes, might select the posterior 
mediastinal route, whereas those at risk for pneumonia, such as a his-
tory of smoking or pulmonary disease, might select the retrosternal 
route. Triangulating stapling is considered the best suturing technique 
from a network meta- analysis; however, the best anastomosis tech-
nique should be investigated for each reconstruction route. Due to the 
difference in the tumor location, Ivor Lewis procedure is preferred in 
western countries and McKeown procedure is preferred in East Asia. 
Ivor Lewis procedure was associated with a significantly lower anas-
tomotic leak rate than the McKeown procedure in western countries, 
however controversial in East Asia. The comparison of superiority 
between the subtotal stomach approach and the narrow gastric tube 
approach should be verified in large- scale RCTs. In the future, an indi-
vidualized treatment strategy for selecting the optimal reconstruction 
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procedure can be proposed based on oncological and patient risk fac-
tors considering mid-  to long- term QOL.
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