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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% C17.1-11.9%). 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 anastomosis in the thoracic cavity [1, 2]. As OC survivor-

ship has increased, there has been a growing emphasis on

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
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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

@ Springer

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 I? and H? statistics. Tau-squared (z%)
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. Statal8.5 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

[ Identification of studies via datab and regi S [ Identification of studies via other methods }
—
- Records identified from: Records removed before
o Medline (n=173) screening:
.E Embase (ni290) N Du_pllcate records removed Records identified from:
= PubMed (n=3,918) i (n=529) Reference searching (n=5)
t Web of Science (n=658) Ineligible trial registry records 9
ﬁ Cochrane Library (n=137) (n=28)
Total (n=5,176)
I
—
Records screened Records excluded based on title
_ | and abstract screening
(n=4,619) (n=4,010)
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval | Reports not retrieved
= (n=609) (n=5) (n=5) " (n=0)
=
@
; ! |
3
]
N Reports excluded: —
Reports assessed for eligibility »| Study endpoint not reported (n=410) Reports assessed for eligibility o
(n=604) Systematic review (n=35) (n=1) Reports excluded:
Protocol paper (n=10) Not pertinent to study
Conference abstract (n=9) objective (n=4)
Combined gastric and oesophageal
resection cohorts (n=8)
Duplicated data (n=6)
— v Commentary/Opinion article (n=2)

Studies included in review (n=125)
Early DGCE (n=51)

A

Late DGCE (n=85)

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
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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
(P=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
72 values across all definitional categories. The sole excep-
tion was Konradsson’s international consensus (2= 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 (I>= 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
(ECCQG) 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 72 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 I? 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

@ Springer

Study Events Total Proportion
Definition = Radiographic swallow study :
Bagheri et al., 2014 15 60 B 0.25
Boshier et al., 2018 35 100 L 0.35
Cerfolio et al., 2009 186 221 : ——— 0.84
Decker et al., 2020 16 63 :——i—— 0.25
Deldycke et al., 2015 19 322 - 0.37
Eldaif et al., 2014 30 32 == 0.09
Feenstra et al., 2023 8 65 —_ 0.12
Finley et al., 1995 16 295 : 0.05
Fok etal., 1991 7 200 : 0.04
Forshaw et al., 2006 2 38 —0—— 0.05
Fujita et al., 2012 13 154  —+— 0.08
Gao et al., 2020 103 0.03
Kent et al., 2007 0o rlit———— 0.00
Klevebro et al., 2923 8 112 —— E 0.07
Kuvendjiska et al., 2019 27 157 = 017
Lanuti et al., 2011 76 436 — 017
Lietal., 2014 26 356 == 0.07
Ma et al., 2018 21 915 : 0.02
Martin et al., 2009 4 45 —'—E— 0.09
Mohajeri et al., 2016 18 30 E s 0.60
Oezcelik etal., 2011 33 2717 = 0.12
Palmes et al., 2007 57 175 ' - 0.33
Puccetti et al., 2022 7 43 ——‘0— 0.16
Senkowski et al., 2006 2 20 ——0——— 0.10
Swanson et al., 2012 3 25— 0.12
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Fig.3 Pooled incidence of late DGCE, categorized by definition
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Table 2 International consensus statement on DGCE (adapted from Konradsson et al.)

Diagnostic criteria for early DGCE One of the following criteria should be fulfilled:
> 500 mL Diurnal nasogastric tube output measured on the morning of postoperative day five or later (but

within 14 days of surgery); OR

> 100% Increased gastric tube width on front chest X-ray projection (in comparison to baseline chest X-ray
taken on the day of surgery) together with the presence of an air-fluid level

Diagnostic criteria for late DGCE

Both of the following criteria should be fulfilled:

The patient should have “quite a bit” or “very much” of at least two of the following symptoms:

Early satiety/fullness
Vomiting

Nausea
Regurgitation

Inability to meet caloric need by oral intake
Delayed contrast passage on upper gastrointestinal water-soluble contrast radiogram or on timed barium
swallow (relying on expert radiologist)

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

@ Springer

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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