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Abstract
Delayed gastric conduit emptying (DGCE) is a significant and prevalent complication following esophagectomy, adversely 
affecting recovery and quality of life. The true burden of DGCE remains uncertain due to considerable variability in reported 
incidence rates. This study aimed to determine the incidence of DGCE following esophagectomy and how this is impacted 
with varying diagnostic criteria. A systematic review was conducted across major databases, including PubMed, MEDLINE, 
Embase, Web of Science, and Cochrane, to identify studies reporting the incidence of DGCE following esophagectomy. The 
incidence rates were pooled and analyzed using a random-effects model, with subgroup analyses for potential sources of 
heterogeneity such as pyloric interventions, conduit dimensions, and anastomotic height. Among 5176 screened records, 125 
studies met the eligibility criteria. The pooled incidence of early DGCE was 15.9% (95% CI 11–21%), and late DGCE was 
9.4% (95% CI 7.1–11.9%). Significant heterogeneity was observed across studies, driven by variations in diagnostic methods. 
Subgroup analysis indicated that prophylactic pyloric drainage was not associated with a statistically significant effect on 
early DGCE (OR 0.76; p = 0.38) or late DGCE (OR 0.71; p = 0.44). DGCE represents a significant burden for esophageal 
cancer survivors, with considerable variability in its reported incidence, underscoring the urgent need for a standardized 
diagnostic criterion. The adoption of the recently published international consensus definition is crucial for reducing the 
heterogeneity, as well as improving the identification and management of DGCE.  
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Introduction

The main curative treatment modality for esophageal can-
cer (OC) is tumor resection, with or without perioperative 
chemotherapy or chemoradiation. Esophagectomy is a major 
operation which involves OC resection with radical lym-
phadenectomy, followed by mobilization and tubulariza-
tion of the remnant stomach to create an esophago-gastric 

anastomosis in the thoracic cavity [1, 2]. As OC survivor-
ship has increased, there has been a growing emphasis on 
functional status and health-related quality of life following 
esophagectomy.

Delayed gastric conduit emptying (DGCE) is major con-
tributor to impaired quality-of-life for post-esophagectomy 
patients, with an incidence of up to 50% [3–5]. This clinical 
entity is characterized by impaired motility of the gastric 
conduit, leading to nausea, vomiting, early satiety, and reflux 
symptoms [6, 7]. While the pathophysiology of DGCE is not 
completely understood, it is thought to be primarily related 
to division of the vagus nerve, the neural pathway necessary 
for effective gastric peristalsis and pyloric sphincter relaxa-
tion [5, 8]. The diagnostic criterion for DGCE has varied 
between institutions and in published literature. To address 
this issue, a more structured definition of DGCE was pro-
posed at an international consensus meeting [9].

The true burden of DGCE remains uncertain, with con-
siderable inconsistency in how this outcome is reported. 
This review aims to determine the incidence of DGCE 
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and examine its variation across the different diagnostic 
definitions.

Methods

Search strategy

A comprehensive review of the literature was undertaken 
through to October 2024 to identify articles pertaining to the 
incidence of DGCE. The PubMed, Medline, Embase, Web 
of Science, and Cochrane Library electronic databases were 
systematically searched from inception. The following medi-
cal subject heading (MeSH) terms were used as a minimum 
in combination with Boolean operators and free-text terms, 
applied in multiple different combinations: “Delayed gastric 
conduit emptying”, “Gastric conduit dysfunction”, “Gastro-
paresis”, “Functional complications”, “Oesophageal cancer 
surgery”, and “Esophagectomy”. A complete search strategy 
for a single database defined with all keywords and subject 
headings is included (Electronic supplementary material, 
Table S1). The search strategy was supplemented by manu-
ally screening the references of relevant published studies. 
Screening of articles and their selection was performed 
independently by two authors (J.S., Q.C.). Disagreements 
at any point of this process were solved by consensus or by 
consulting a third reviewer.

Eligibility criteria

Abstracts of all the retrieved studies were screened to deter-
mine need for full-text review. The detailed examination of 
remaining full-text articles was undertaken to ascertain their 
suitability for inclusion in the review based on whether they 
reported on delayed gastric conduit emptying. The studies 
were selected if they met the following inclusion criteria: (a) 
reported the incidence of delayed gastric conduit emptying; 
(b) original paper with independent data; (c) published as 
a full-text article in a peer-reviewed journal. No language 
restrictions were applied. The studies were excluded accord-
ing to the following criteria: (a) data based on colonic or 
jejunal interposition; (b) redundant data duplicated or par-
tially duplicated in selected publications of the same cohort; 
(b) data specific to pediatric patients; (c) incomplete data; 
(e) reports on animal models; and (f) case reports, editorial 
letters, reviews and conference abstracts.

Data extraction

Following a screen of abstracts to filter out studies outside 
of the review criteria, a detailed examination of full-text 
articles of the remaining studies was undertaken to ascertain 
their suitability for inclusion in the review. Data extraction 

was performed by two authors (J.S., Q.C.). The recorded 
data included author information, study design, study 
period, type of procedure, definition of DGCE, allocation 
into early or delayed DGCE, whether an intra-operative 
pyloric intervention was performed, type of gastric conduit 
and level of esophago-gastric anastomosis. The reporting 
of DGCE incidence was categorized into early DGCE if 
onset occurred during the index admission or within the first 
14 days post-operatively, while all other cases were clas-
sified as late DGCE. In the absence of explicit temporal 
documentation, cases were conservatively designated as late 
DGCE by default. Incidence was reported for each outcome 
of interest, including comparisons between potential sources 
of heterogeneity–prophylactic pyloric intervention, conduit 
dimensions, and anastomosis height.

Quality assessment

A comprehensive critical appraisal of the included studies 
was conducted to ensure methodological rigor and the reli-
ability of findings. The Cochrane Risk of Bias 2 (RoB 2) 
tool was applied for randomized controlled trials (RCTs) 
to examine five domains that address key aspects of trial 
design, implementation, and outcome reporting [10]. The 
Risk of Bias in Non-Randomized Studies of Interventions 
(ROBINS-I) tool was employed for cohort and case–control 
designs to evaluate seven domains that systematically cover 
potential confounding factors, methodological limitations in 
participant selection, and deviations from intended interven-
tional protocols [11]. Any disagreements between reviewers 
during the appraisal process were resolved through discus-
sion and, where necessary, consultation with a third author 
to achieve consensus.

Statistical analysis

The incidence data were extracted as proportions, with the 
total number of patients developing DGCE as the numerator 
and the total number of patients undergoing esophagectomy 
as the denominator. Pooled incidence from included stud-
ies was calculated Freeman–Tukey transformation adjusting 
for single proportion. Pooled odds ratio (OR) was calcu-
lated using random-effects restricted maximum likelihood 
method. To compare rates of early and late DGCE depend-
ing on different anastomotic heights, conduit dimensions 
or whether prophylactic pyloric drainage was performed, 
two-sample Z test for proportions was used to compare two 
incidences, and Marascuilo’s procedure was used to compare 
multiple proportions. Inter-study heterogeneity was evalu-
ated using both the I2 and H2 statistics. Tau-squared (τ2) 
values were also calculated to estimate between-study vari-
ance in a random effects model, with values closer to zero 
indicating less variability. Funnel plots and Egger’s tests 
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were used to assess for publication bias. A 95% confidence 
interval (CI) was calculated to present the overall pooled 
estimate. Statistical significance was accepted at a p value 
of 0.05. Stata18.5 was used for statistical analysis.

Standards of reporting

This systematic review and meta-analysis was conducted 
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement 
checklist and Assessing the Methodological Quality of 
Systematic Reviews (AMSTAR) guidelines [12, 13]. The 
review protocol was registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO) database 
(CRD42024577878) on 19 th August 2024 [14].

Results

Study selection and characteristics

The systematic search yielded 5176 records from all data-
bases, of which 529 duplicate entries and 28 ineligible trial 
registry records were removed prior to screening. Follow-
ing title and abstract screening, 4010 records were excluded 

for irrelevance, leaving 609 full-text articles assessed for 
eligibility. Five additional studies were identified through 
reference searches. Of the 614 total articles evaluated, 125 
studies met the inclusion criteria and were included in this 
review, with 51 studies focusing on early delayed gastric 
conduit emptying (DGCE) and 85 on late DGCE (Fig. 1).

The included studies were published between 1990 and 
2024, with the characteristics summarized in Table 1. The 
studies were predominantly retrospective cohort studies (n = 
76), and the sample sizes ranged from 8 to 1294 patients, 
with variable follow-up periods from 30 days to 7 years 
among the 68 studies that reported this.

The methodological quality of the included studies var-
ied. RCTs assessed using the RoB 2 tool predominantly dem-
onstrated moderate methodological quality, with consistent 
limitations including inadequate blinding and incomplete 
follow-up reporting (Electronic Supplementary Table S2). 
The ROBINS-I tool identified that 77.9% of cohort and 
case–control studies were low-risk of bias, with a subset 
exhibiting heightened risk of bias stemming from confound-
ing factors (Electronic Supplementary Table S3). As illus-
trated in Electronic Supplementary Fig. 1, no publication 
bias was detected for early DGCE incidence (Egger’s test, 
p = 0.46), whereas asymmetry was identified for late DGCE 
incidence (Egger’s test, p = 0.0012). Although marked 

Fig. 1   Flow diagram for systematic review. Source: Page MJ, et al. BMJ 2021;372:n71. https://​doi.​org/​10.​1136/​bmj.​n71. This work is licensed 
under CC BY 4.0. To view a copy of this license, visit 

https://doi.org/10.1136/bmj.n71
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ge
c-

to
m

y;
 

ab
do

m
in

o-
th

or
ac

ic
 

(9
1.

4%
), 

Tr
an

sh
ia

ta
l 

(6
.6

%
), 

ce
rv

ic
o-

ab
do

m
in

o-
th

or
ac

ic
 

(2
.0

%
)

17
5

St
ud

y 
fo

llo
w

-
up

 p
er

io
d 

of
 

12
 m

on
th

s 
(C

om
pl

ia
nc

e 
N

/S
)

Ea
rly

Ro
ut

in
e 

up
pe

r 
ga

str
oi

nt
es

-
tin

al
 c

on
tra

st 
sw

al
lo

w
 

stu
dy

 a
t d

ay
 

4 
po

st-
op

er
a-

tiv
el

y

57
/1

75
 

(3
2.

6%
)

–
–

Pa
rk

, 2
01

9
So

ut
h 

K
or

ea
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

ap
pr

oa
ch

 n
ot

 
sp

ec
ifi

ed

29
1

–
La

te
–

–
D

G
C

E 
re

su
lti

ng
 in

 
re

ad
m

is
si

on
 

to
 h

os
pi

ta
l—

C
rit

er
ia

 n
ot

 
de

ta
ile

d

3/
29

1 
(1

.0
%

)

Pe
rr

y,
 2

00
9

U
SA

C
oh

or
t s

tu
dy

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 th
or

a-
co

sc
op

ic
-

la
pa

ro
sc

op
ic

 
(4

2.
9%

), 
Tr

an
sh

ia
ta

l 
(5

7.
1%

)

70
–

La
te

–
–

C
rit

er
ia

 n
ot

 
de

ta
ile

d
4/

70
 (5

.7
%

)

Pi
ne

s, 
20

11
Is

ra
el

C
oh

or
t s

tu
dy

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 
tra

ns
hi

at
al

 
(1

00
.0

%
)

10
0

M
ed

ia
n 

fo
llo

w
-u

p 
of

 
19

.5
 m

on
th

s

La
te

–
–

C
rit

er
ia

 n
ot

 
de

ta
ile

d
13

/1
00

 (1
3.

0%
)

Pr
ed

es
cu

, 
20

18
Ro

m
an

ia
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

ap
pr

oa
ch

 n
ot

 
sp

ec
ifi

ed

82
93

.9
%

 F
ol

lo
w

-
up

 to
 1

2 
m

on
th

s

La
te

–
–

C
on

du
it 

ne
ur

o-
m

ot
or

 
dy

sf
un

c-
tio

n—
C

ri-
te

ria
 n

ot
 

de
ta

ile
d

6/
82

 (7
.3

%
)

Pr
ok

ak
is

, 
20

21
G

re
ec

e
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

A
pp

ro
ac

h 
no

t s
pe

ci
fie

d

49
–

La
te

–
–

C
rit

er
ia

 n
ot

 
de

ta
ile

d
4/

49
 (8

.2
%

)
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Ta
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e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

St
ud

y 
ty

pe
Su

rg
ic

al
 te

ch
-

ni
qu

e
Sa

m
pl

e 
si

ze
Fo

llo
w

-u
p 

pe
rio

d
C

la
ss

ifi
ca

tio
n

D
efi

ni
tio

n 
of

 
ea

rly
 D

G
C

E
In

ci
de

nc
e 

of
 

ea
rly

 D
G

C
E

D
efi

ni
tio

n 
of

 
la

te
 D

G
C

E
In

ci
de

nc
e 

of
 

la
te

 D
G

C
E

Pu
cc

et
ti,

 2
02

2
U

SA
C

oh
or

t s
tu

dy
Pr

os
pe

ct
iv

e
Es

op
ha

ge
c-

to
m

y;
 Iv

or
 

Le
w

is
 

(4
8.

8%
), 

le
ft 

th
or

ac
o-

ab
do

m
in

al
 

(4
6.

0%
), 

M
cK

eo
w

n 
(9

.3
%

)

43
–

Ea
rly

Ro
ut

in
e 

up
pe

r 
ga

str
oi

nt
es

-
tin

al
 c

on
tra

st 
sw

al
lo

w
 

stu
dy

 a
t d

ay
 

2–
3 

po
st-

op
er

at
iv

el
y

7/
43

 (1
6.

3%
)

–
–

R
as

m
us

se
n,

 
20

21
D

en
m

ar
k

C
oh

or
t s

tu
dy

Re
tro

sp
ec

tiv
e

Es
op

ha
ge

c-
to

m
y;

 Iv
or

 
Le

w
is

 
(1

00
.0

%
)

12
0

M
ed

ia
n 

fo
llo

w
-u

p 
of

 
27

 m
on

th
s

La
te

–
–

N
ee

d 
fo

r p
os

t-
op

er
at

iv
e 

py
lo

ric
 

di
la

ta
tio

n

63
/1

20
 (5

2.
5%

)

Re
in

st
al

le
r, 

20
22

G
er

m
an

y
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

ap
pr

oa
ch

 n
ot

 
sp

ec
ifi

ed

13
7

–
La

te
–

–
C

rit
er

ia
 n

ot
 

de
ta

ile
d

69
/1

37
 (5

0.
4%

)

Re
yh

an
i, 

20
20

U
K

C
oh

or
t s

tu
dy

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 le
ft 

th
or

ac
o-

ab
do

m
in

al
 

(1
00

%
)—

M
IE

74
–

La
te

–
–

N
ee

d 
fo

r p
os

t-
op

er
at

iv
e 

py
lo

ric
 

di
la

ta
tio

n 
at

 
6 

m
on

th
s

23
/7

4 
(3

1.
1%

)

Ro
ng

, 2
02

2
C

hi
na

Pr
op

en
si

ty
-

m
at

ch
ed

 
an

al
ys

is

Re
tro

sp
ec

tiv
e

Es
op

ha
ge

c-
to

m
y;

 
ap

pr
oa

ch
 n

ot
 

sp
ec

ifi
ed

—
op

en
 =

 13
8;

 
M

IE
 =

 13
2

27
0

–
La

te
–

–
Po

st- es
op

ha
ge

c-
to

m
y 

ga
str

op
ar

e-
si

s—
C

rit
er

ia
 

no
t d

et
ai

le
d

3/
16

8 
(1

.8
%

)

Sa
ee

d,
 2

02
4

U
SA

Pr
op

en
si

ty
-

m
at

ch
ed

 
an

al
ys

is

Re
tro

sp
ec

tiv
e

Es
op

ha
ge

c-
to

m
y;

 Iv
or

 
Le

w
is

 
(1

00
%

)—
ro

bo
tic

, 
hy

br
id

47
5

–
La

te
–

–
B

ot
h 

of
 th

e 
fo

llo
w

in
g:

 
(1

) P
re

s-
en

ce
 o

f o
ne

 
or

 m
or

e 
D

G
E-

re
la

te
d 

sy
m

pt
om

s;
 

(2
) D

el
ay

ed
 

co
nt

ra
st 

pa
ss

ag
e 

on
 a

 
ba

riu
m

 sw
al

-
lo

w
 st

ud
y

58
/4

75
 (1

2.
2%

)
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Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

St
ud

y 
ty

pe
Su

rg
ic

al
 te

ch
-

ni
qu

e
Sa

m
pl

e 
si

ze
Fo

llo
w

-u
p 

pe
rio

d
C

la
ss

ifi
ca

tio
n

D
efi

ni
tio

n 
of

 
ea

rly
 D

G
C

E
In

ci
de

nc
e 

of
 

ea
rly

 D
G

C
E

D
efi

ni
tio

n 
of

 
la

te
 D

G
C

E
In

ci
de

nc
e 

of
 

la
te

 D
G

C
E

Sa
rk

ar
ia

, 2
01

9
U

SA
C

oh
or

t s
tu

dy
Pr

os
pe

ct
iv

e
Es

op
ha

ge
c-

to
m

y;
 Iv

or
 

Le
w

is
, 

Th
or

ac
o-

ab
do

m
in

al
, 

M
cK

eo
w

n—
op

en
 =

 10
6,

 
ro

bo
tic

 =
 65

17
0

–
La

te
–

–
Po

st- es
op

ha
ge

c-
to

m
y 

ga
str

op
ar

e-
si

s—
C

rit
er

ia
 

no
t d

et
ai

le
d

1/
17

0 
(0

.6
%

)

Sc
hu

ch
er

t, 
20

04
U

SA
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

ap
pr

oa
ch

 n
ot

 
sp

ec
ifi

ed

22
2

–
La

te
–

–
C

rit
er

ia
 n

ot
 

de
ta

ile
d

4/
22

2 
(1

.8
%

)

Se
nk

ow
sk

i, 
20

06
U

SA
C

oh
or

t s
tu

dy
Pr

os
pe

ct
iv

e
Es

op
ha

ge
c-

to
m

y;
 

ap
pr

oa
ch

 n
ot

 
sp

ec
ifi

ed
—

M
IE

20
–

Ea
rly

Ro
ut

in
e 

up
pe

r 
ga

str
oi

nt
es

-
tin

al
 c

on
tra

st 
sw

al
lo

w
 

stu
dy

 a
t d

ay
 

4–
5 

po
st-

op
er

at
iv

el
y

2/
20

 (1
0.

0%
)

–
–

Sh
en

, 2
02

2
C

hi
na

RC
T​

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 
ap

pr
oa

ch
 n

ot
 

sp
ec

ifi
ed

—
M

IE

11
8

–
La

te
–

–
Es

op
ha

ge
c-

to
m

y 
C

om
-

pl
ic

at
io

ns
 

C
on

se
ns

us
 

G
ro

up
—

Ti
m

ef
ra

m
e 

no
t d

et
ai

le
d

1/
11

8 
(0

.8
%

)

Sh
i, 

20
21

C
hi

na
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 Iv

or
 

Le
w

is
 

(5
0.

0%
), 

M
cK

eo
w

n 
(5

0.
0%

)

13
6

M
ed

ia
n 

fo
llo

w
-u

p 
of

 
23

.5
 m

on
th

s 
(R

an
ge

 6
–3

6 
m

on
th

s)

La
te

–
–

C
rit

er
ia

 n
ot

 
de

ta
ile

d
2/

13
6 

(1
.5

%
)

Sk
an

ck
e,

 2
01

7
U

SA
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 Iv

or
 

Le
w

is
 

(5
5.

6%
), 

tra
ns

hi
at

al
 

(4
4.

4%
)—

op
en

 =
 18

, 
M

IE
 =

 9

27
St

ud
y 

fo
llo

w
-

up
 p

er
io

d 
of

 
12

 m
on

th
s 

(C
om

pl
ia

nc
e 

N
/S

)

La
te

–
–

C
rit

er
ia

 n
ot

 
de

ta
ile

d
1/

27
 (3

.7
%

)
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Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

St
ud

y 
ty

pe
Su

rg
ic

al
 te

ch
-

ni
qu

e
Sa

m
pl

e 
si

ze
Fo

llo
w

-u
p 

pe
rio

d
C

la
ss

ifi
ca

tio
n

D
efi

ni
tio

n 
of

 
ea

rly
 D

G
C

E
In

ci
de

nc
e 

of
 

ea
rly

 D
G

C
E

D
efi

ni
tio

n 
of

 
la

te
 D

G
C

E
In

ci
de

nc
e 

of
 

la
te

 D
G

C
E

So
ko

ut
i, 

20
15

Ir
an

RC
T​

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 
Tr

an
sh

ia
ta

l 
(1

00
.0

%
)

51
10

0%
 F

ol
lo

w
 

up
 to

 1
2 

m
on

th
s

La
te

–
–

R
ad

io
nu

cl
id

e-
la

be
le

d 
ga

str
ic

 
sc

in
tig

ra
ph

y 
at

 2
 m

on
th

s

19
/5

1 
(3

7.
3%

)

St
ew

ar
t, 

20
17

U
SA

C
oh

or
t s

tu
dy

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 Iv
or

 
Le

w
is

 
(9

6.
2%

), 
tra

ns
hi

at
al

 
(1

.4
%

), 
M

cK
eo

w
n 

(1
.4

%
)—

M
IE

71
10

0%
 F

ol
-

lo
w

 u
p 

to
 

3 
m

on
th

s

Ea
rly

B
ot

h 
of

 th
e 

fo
llo

w
-

in
g:

 (1
) 

Sy
m

pt
om

s 
of

 D
G

C
E;

 
(2

) F
ea

tu
re

s 
of

 D
G

C
E 

on
 

es
op

ha
gr

am
 

or
 u

pp
er

 
en

do
sc

op
y

5/
71

 (7
.0

%
)

–
–

Su
n,

 2
01

4
C

hi
na

C
oh

or
t s

tu
dy

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 
ap

pr
oa

ch
 n

ot
 

sp
ec

ifi
ed

—
M

IE

68
–

Ea
rly

B
ot

h 
of

 th
e 

fo
llo

w
in

g:
 

(1
) I

na
bi

lit
y 

to
 to

le
ra

te
 

so
ft 

di
et

 
by

 d
ay

 1
0 

po
st-

op
er

-
at

iv
e;

 (2
) 

Pr
ol

on
ge

d 
ga

str
ic

 e
m

p-
ty

in
g 

tim
e 

>
 25

%
 c

om
-

pa
re

d 
w

ith
 

pr
eo

pe
ra

tiv
e 

ra
di

on
uc

lid
e-

la
be

le
d 

ga
str

ic
 sc

in
-

tig
ra

ph
y

0/
68

 (0
%

)
–

–

Su
n,

 2
01

9
C

hi
na

RC
T​

Pr
os

pe
ct

iv
e

Es
op

ha
ge

c-
to

m
y;

 
M

cK
eo

w
n 

(1
00

.0
%

)—
M

IE

86
–

Ea
rly

Pr
es

en
ce

 o
f 

D
G

C
E 

du
r-

in
g 

in
de

x 
ad

m
is

si
on

—
C

rit
er

ia
 n

ot
 

de
ta

ile
d

1/
86

 (1
.2

%
)

–
–
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Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

C
ou

nt
ry

St
ud

y 
de

si
gn

St
ud

y 
ty

pe
Su

rg
ic

al
 te

ch
-

ni
qu

e
Sa

m
pl

e 
si

ze
Fo

llo
w

-u
p 

pe
rio

d
C

la
ss

ifi
ca

tio
n

D
efi

ni
tio

n 
of

 
ea

rly
 D

G
C

E
In

ci
de

nc
e 

of
 

ea
rly

 D
G

C
E

D
efi

ni
tio

n 
of

 
la

te
 D

G
C

E
In

ci
de

nc
e 

of
 

la
te

 D
G

C
E

Su
tc

liff
e,

 2
00

8
U

K
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

tra
ns

hi
at

al
 

(5
8.

8%
), 

m
ck

eo
w

n 
(8

.5
%

), 
le

ft 
th

or
ac

o-
ab

do
m

in
al

 
(2

2.
0%

), 
Iv

or
 L

ew
is

 
(1

0.
7%

)

17
7

M
ed

ia
n 

fo
llo

w
-u

p 
of

 
37

 m
on

th
s 

(R
an

ge
 1

–7
7 

m
on

th
s)

La
te

–
–

B
ot

h 
of

 th
e 

fo
llo

w
in

g:
 

(1
) S

ym
p-

to
m

s o
f 

D
G

C
E;

 (2
) 

En
do

sc
op

ic
 

or
 ra

di
ol

og
i-

ca
l e

vi
de

nc
e 

of
 g

as
tri

c 
di

ste
ns

io
n 

an
d 

py
lo

ric
 

ste
no

si
s

21
/1

77
 (1

1.
9%

)

Sw
an

so
n

U
SA

C
oh

or
t s

tu
dy

Re
tro

sp
ec

tiv
e

Es
op

ha
ge

c-
to

m
y;

 
tra

ns
hi

at
al

 
(8

0.
0%

) 
th

or
ac

o-
ab

do
m

in
al

 
(1

2.
0%

), 
VA

TS
 

3-
St

ag
e 

(8
.0

%
)

25
M

ed
ia

n 
fo

llo
w

-u
p 

of
 

22
 m

on
th

s 
(R

an
ge

 1
–8

4 
m

on
th

s)

Ea
rly

 a
nd

 la
te

Ro
ut

in
e 

up
pe

r 
ga

str
oi

nt
es

-
tin

al
 c

on
tra

st 
sw

al
lo

w
 

stu
dy

 a
t 

w
ee

k 
1–

2 
po

st-
op

er
a-

tiv
el

y

3/
25

 (1
2.

0%
)

N
ee

d 
fo

r p
os

t-
op

er
at

iv
e 

py
lo

ric
 

di
la

ta
tio

n

1/
20

 (5
.0

%
)

Ta
ka

ha
sh

i, 
20

22
U

SA
C

oh
or

t s
tu

dy
Re

tro
sp

ec
tiv

e
Es

op
ha

ge
c-

to
m

y;
 

Iv
or

-L
ew

is
 

(5
7.

1%
); 

M
cK

eo
w

n 
(3

4.
6%

); 
tra

ns
hi

at
al

 
(8

.3
%

)—
M

IE

25
4

–
Ea

rly
B

ot
h 

of
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heterogeneity may give rise to such asymmetry, publication 
bias is a possibility. While substantial heterogeneity may 
account for this asymmetry, it may also indicate potential 
publication bias.

Incidence of DGCE

The pooled incidence of early DGCE was 15.9% (95% CI 
11.0–21.0%), with significant heterogeneity across studies 
(I2 = 97.64%, p < 0.001). Definitions of early DGCE varied 
considerably, with some studies basing their diagnostic cri-
teria solely on radiographic swallow study findings (n = 26), 
nasogastric output volume (n = 5), or otherwise adopting 
Konradsson’s international consensus (n = 2). The remaining 
studies employed either another institution-specific criterion 
(n = 12), as disclosed in Table 1, or did not specify their 
definition (n = 6). Marked heterogeneity persisted within 
each individual definition group, as evidenced by elevated 
τ2 values across all definitional categories. The sole excep-
tion was Konradsson’s international consensus (τ2 = 0.01), 
though only two studies were included in this group (Fig. 2).

With regards to late DGCE, the pooled incidence was 
9.4% (95% CI 7.1–11.9%), also demonstrating high hetero-
geneity (I2 = 95.59%, p < 0.001). Studies again were wide-
ranging in their definition of late DGCE, such as the need for 
post-operative pyloric intervention to treat delayed emptying 
symptoms (n = 17), assessment via gastric scintigraphy (n = 
6), the Esophagectomy Complications Consensus Group 
(ECCG) definition (n = 8) [15], or the Konradsson’s inter-
national consensus (n = 2) [16]. Additional studies employed 
an independent institution-specific criterion (n = 10), while 
43 studies did not specify their definition for DGCE. Despite 
the high overall heterogeneity observed in late DGCE inci-
dence, the analysis within individual definition subgroups 
demonstrated predominantly low τ2 values (< 0.1), with the 
exception of diagnostic criteria based on gastric scintigra-
phy or post-operative pyloric intervention. This indicates 
relatively strong agreement in reported incidence rates when 
consistent diagnostic criteria are applied.

An additional subgroup analysis exploring potential 
sources of heterogeneity demonstrated that prophylactic 
pyloric drainage (PPD) was not associated with a statistically 
significant reduction in early DGCE (OR 0.76; p = 0.38) or 
late DGCE (OR 0.71; p = 0.44) (Electronic Supplementary 
FigS. 3 and 4). This analysis, however, exhibited persistently 
high I2 values, indicating considerable residual heterogene-
ity. Thoracic anastomosis and whole-stomach conduits were 
associated with marginally higher rates of DGCE, though 
this association did also not reach statistical significance 
(Electronic Supplementary Figs. 5–8). Interpretation of 
these findings was further constrained by the limited number 
of studies reporting DGCE outcomes stratified by anasto-
motic height and conduit dimensions (Fig. 3).

Discussion

This systematic review and meta-analysis provide a com-
prehensive evaluation of DGCE following esophagectomy, 
a complication with significant implications for postopera-
tive recovery and quality of life. The pooled incidences of 
early and late DGCE were 15.9% and 9.4%, respectively, 
with high heterogeneity observed across studies. These 
findings highlight the persistent burden of DGCE despite 
advancements in surgical techniques and perioperative 
care.

The variability in DGCE definitions across studies 
underscores a critical challenge in standardizing outcome 
reporting. Definitions ranged from subjective clinical eval-
uations to internationally endorsed criteria or standalone 
diagnostic investigations. Efforts to address this incon-
sistency were initially spearheaded by the Esophagec-
tomy Complications Consensus Group (ECCG), which 
brought together 21 high-volume surgeons from 14 coun-
tries to develop a set of Delphi consensus definitions for 
esophagectomy-related complications. DGCE was charac-
terized by the need for intervention or delayed discharge 
[15]. Konradsson et al. sought to further refine this defini-
tion using a modified Delphi process involving a consor-
tium of 33 global experts [16]. This process incorporated 
both clinical symptoms and radiologic findings to estab-
lish diagnostic criteria for early and late DGCE (Table 2), 
while also introducing a symptom severity grading scale 
for late DGCE. This framework holds significant promise 
for improving diagnostic consistency and benchmarking 
DGCE management. Although only four of the 43 studies 
published after the publication of Konradsson’s consensus 
adhered to these criteria [17–20], the limited uptake likely 
stems from the early stage of adoption of this definition. 
This gradual dissemination process highlights the inher-
ent challenges of integrating new definitions into estab-
lished clinical systems and the inconsistent awareness or 
training among healthcare providers [21]. As survivor-
ship outcomes continue to improve and awareness of this 
functional issue grows, the adoption of these criteria is 
anticipated to expand, promoting greater consistency, and 
standardization in clinical practice.

Despite the historical prevalence of contrast swallow 
studies in the post-operative evaluation after esophagec-
tomy, their notable exclusion from Konradsson’s consen-
sus definition reflects an evidence-based shift in clinical 
practice [22, 23]. While our review found that over half 
of the analyzed studies relied on contrast swallow studies 
as their primary diagnostic tool for early DGCE, mount-
ing evidence suggests this approach has significant limita-
tions. The poor sensitivity and specificity of contrast stud-
ies for assessing gastric conduit function and transpyloric 
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Fig. 2   Pooled incidence of 
early DGCE, categorized by 
definition
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emptying, combined with their resource intensity and 
potential for inconsistent interpretation across institu-
tions, has led many specialized upper gastrointestinal units 
to move away from their routine use [24–26]. This trend 
aligns with current ERAS guidelines for esophagectomy 
[27], which do not mandate contrast swallow studies. The 
consensus definition’s focus on more objective measures, 
such as nasogastric tube output and clinical parameters, 
provides a more robust and practical approach to diagnos-
ing early DGCE [16].

The implementation of standardized diagnostic criteria 
for DGCE has far-reaching implications for both research 
and clinical practice. As supported in our analysis, the 
studies employing explicit diagnostic definitions reported 
higher incidence rates of DGCE compared to those with-
out defined criteria. This disparity suggests that centers not 
held accountable to a specific definition are more prone to 
observer bias, leading to underreporting of DGCE cases. 
Standardization would not only improve diagnostic accu-
racy but would also enable meaningful comparisons across 
institutions and international borders, fostering more robust 
collaborative research efforts. From a clinical perspective, a 
uniform criterion also enables early and accurate diagnosis 
of DGCE, allowing for prompt implementation of tailored 
interventions to reduce symptom burden and enhance post-
operative quality of life.

The subgroup analysis revealed insights into potential 
modulators of DGCE incidence. Intraoperative pyloric 
intervention did not confer a statistically significant pro-
tective effect against DGCE. Some investigators attribute 
its suboptimal efficacy to the perioperative localized tis-
sue edema at the pylorus associated with its manipulation 
[28]. In line with this, the evidence supporting prophylactic 
pyloric drainage remains equivocal. Several meta-analyses 
have failed to establish a clear benefit in outcomes from 
draining the pylorus during esophagectomy [29, 30], with 
the additional risk of procedural complications introducing 
substantial uncertainty into the intervention's risk–benefit 
calculus. Notably, the present subgroup analyses examining 
prophylactic pyloric drainage continued to demonstrate sub-
stantial residual heterogeneity, with persistently high I2 val-
ues, suggesting that the true sources of heterogeneity could 
not be fully elucidated despite stratification. The limited effi-
cacy of prophylactic pyloric drainage reflects the nuanced 
pathophysiology of DGCE, where pyloric dysfunction is sig-
nificant but not the sole factor determining gastric emptying, 
particularly given the equally compromised motility of the 
denervated gastric conduit. Despite the prevailing clinical 
hypotheses that a more proximal anastomosis and narrow 
conduit lead to less anatomical redundancy and improved 
gastric conduit emptying [29, 31–33], neither of these 
potential sources of heterogeneity demonstrated a statisti-
cally significant association. The absence of these findings 

Fig. 3   Pooled incidence of late DGCE, categorized by definition
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is in part due to the paucity of studies that compared DGCE 
incidence data by anastomotic height or conduit diameter. 
The nuanced interplay between conduit anatomy and DGCE 
is clearly appreciated by esophagogastric surgeons, however, 
as more than 80% report constructing a conduit diameter less 
than 5 cm, and 90% indicate positioning the anastomosis 
above the azygos vein [34].

A key strength of this study is it allows for more mean-
ingful comparisons across the various definitions of DGCE, 
spanning multiple institutions and several decades, contrib-
uting to a broad and representative understanding of the 
DGCE burden. Several limitations should also be considered 
in interpreting this review. The high heterogeneity observed 
across the included research is a notable drawback, reflecting 
the variations between studies in both study design and diag-
nostic criteria for DGCE. Another limitation is that relying 
on definitions dependent on postoperative pyloric drainage 
as a surrogate for DGCE may exclude patients who were 
otherwise managed pharmacologically, potentially under-
estimating the true incidence of this problem. While the 
subgroup analysis of anastomosis location may have been 
constrained by limited study data, potential reporting bias 
should be considered in its classification. Cervical anas-
tomoses were designated when explicitly documented by 
authors or when unambiguously described in operative tech-
nique details. Given relatively few studies stratified DGCE 
incidence by anastomotic height, this represents a potential 
methodological limitation with low statistical power.

Conclusion

This review demonstrates the significant burden of DGCE 
following esophagectomy, with considerable variabil-
ity in reported incidence rates primarily stemming from 
inconsistent diagnostic definitions. The implementation of 
standardized criteria is crucial to reduce heterogeneity and 
mitigate underreporting. Integrating the recently proposed 

international consensus definition into clinical practice is 
a step toward enhancing diagnostic accuracy, ultimately 
improving the identification and management of DGCE.  
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