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Simple Summary: Esophageal cancer is the sixth deadliest among all cancers worldwide. Multimodal
treatment, including surgical resection of the esophagus, offers the potential for cure even in advanced
cases, but esophagectomy is still associated with serious complications. Among these, anastomotic
leakage has the most significant clinical impact, both in terms of prognosis and health-related quality
of life. Identifying patients at a high risk for leakage is of great importance in order to modify their
treatment and, if possible, avoid this complication. This review aims to study the current literature
regarding the role of radiology in detecting potential risk factors associated with anastomotic leakage.
The measurement of calcium plaques on the aorta, as well as the detection of narrowing of the celiac
trunk and its branches, can be easily assessed by preoperative computed tomography, and can be
used to individualize perioperative patient management to effectively reduce the rate of leakage.

Abstract: Surgical resection of the esophagus remains a critical component of the multimodal treat-
ment of esophageal cancer. Anastomotic leakage (AL) is the most significant complication following
esophagectomy, in terms of clinical implications. Identifying risk factors for AL is important for
modifying patient management and improving surgical outcomes. This review aims to examine the
role of radiological risk factors for AL after esophagectomy, and in particular, arterial calcification
and celiac trunk stenosis. Eligible publications prior to 25 August 2021 were retrieved from Medline
and Google Scholar using a predefined search algorithm. A total of 68 publications were identified,
of which 9 original studies remained for in-depth analysis. The majority of these studies found
correlations between calcifications in the aorta, celiac trunk, and right post-celiac arteries and AL
following esophagectomy. Some studies suggest celiac trunk stenosis as a more appropriate surrogate.
Our up-to-date review highlights the need for automated quantification of aortic calcifications, as
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well as the degree of celiac trunk stenosis in preoperative computed tomography in patients un-
dergoing esophagectomy, to obtain robust and reproducible measurements that can be used for a
definite correlation.

Keywords: esophageal cancer; esophagectomy; anastomotic leak; risk factors; computed tomography;
arterial calcification; celiac trunk stenosis

1. Introduction

Despite continuous diagnostic and therapeutic advancements, esophageal and gas-
troesophageal junction carcinoma remains a major cause of cancer-related mortality world-
wide [1]. Esophageal cancer ranks as the seventh most common form of cancer and sixth in
regard to mortality, having a poor five-year survival rate of just 20% [2]. Among the avail-
able management options, multimodal treatments, combining esophageal resection with
neoadjuvant chemoradiation or perioperative chemotherapy offers the best chance of cure
for patients with non-metastatic esophageal cancer [3–5]. Transthoracic esophagectomy
with gastric conduit (GC) reconstruction has been the standard surgical technique used for
the treatment of esophageal cancer in specialized gastroesophageal oncologic centers [3].
Depending on tumor location, esophagectomy is performed by either the McKeown pro-
cedure with a cervical anastomosis, or the Ivor Lewis procedure with an intrathoracic
anastomosis [6–8]. Another surgical approach, namely transhiatal esophagectomy with cer-
vical anastomosis, is usually reserved for patients with distally located or junctional tumors
and higher comorbidity, as it is less invasive, but this approach is associated with inferior
oncological outcomes [9]. In recent years, various minimally invasive techniques have
gained popularity as studies have demonstrated at least equal short-term postoperative
outcomes and improved long-term survival [10–12].

Anastomotic leakage (AL) is one of the most dreaded complications following esophagec-
tomy Figure 1. While the overall 30-day mortality in patients undergoing esophagectomy
is 2–3%, it can increase to 17–35% in patients with a sustained leakage [13]. In addition
to increased mortality, AL is related to significant postoperative morbidity, prolonged
hospital stays, increased recurrence rates, and a worse long-term quality of life [14,15].
The overall incidence of AL after esophagectomy ranges between 10 and 20%, with an
associated mortality of 5–10%, indicating a wide variety in the surgical practices used in
esophageal cancer and the management of AL worldwide [16]. A consensus with regard
to the definition of an AL is still under discussion, and it is a continuous challenge for the
scientific community to understand, prevent, diagnose, and treat AL which is a critical,
costly, and potentially lethal postoperative complication [17].

In an effort to standardize the diagnosis and management of complications after
esophagectomy, the Esophageal Complications Consensus Group (ECCG) updated the
definition and classification of AL in 2015 [18]. According to the ECCG, an AL is defined as
a ‘full-thickness defect involving the esophagus, anastomosis, staple line or conduit’ [19].
AL is classified into three types with increasing severity. Type 1 AL is treated medically or
with dietary modification, and Type 2 AL requires radiologic or endoscopic intervention
but not surgical therapy, while Type 3 AL needs surgical intervention [18]. Laboratory tests,
radiological imaging, or endoscopy can be used to detect AL [20]. Computed tomography
(CT) of the thorax with oral and intravenous contrast provides a high sensitivity and
specificity for the detection of AL, and serves nowadays as the diagnostic method of
choice. Endoscopic assessment of the upper gastrointestinal tract is used as a second-
hand method to confirm the diagnosis and treat AL in severe cases [21]. GC necrosis is
another postoperative, though less common, complication after esophagectomy. Type 1
and 2 conduit necrosis (focal), are not associated with AL, while Type 3 conduit necrosis
represents a totally necrotic GC accompanied by AL, requiring conduit resection and
esophageal diversion [18,21].



Cancers 2022, 14, 1016 3 of 15Cancers 2022, 13, x  3 of 15 
 

 

 
Figure 1. Preoperative axial (a) and oblique coronal (b) fused images of 18F-FDG PET/CT * showing 
focal FDG uptake in the gastric cardia (single arrow) in a 63-year-old female patient with gastric 
cardia adenocarcinoma. The patient underwent minimally invasive esophagectomy with gastric 
tube reconstruction (Ivor Lewis) after neoadjuvant chemotherapy. Axial (c) and 3D reconstruction 
(d) images of postoperative CT scan with oral contrast on the 6th postoperative revealing leakage 
(double arrows) due to a large defect in the gastric conduit wall (arrowhead). Three overlapping 
stents were endoscopically placed to cover the defect as seen on the axial (e) and oblique sagittal 
MIP † (f) of the follow-up CT scan (double arrowheads). * 18F-FDG PET/CT: 18F-Flurodeoxyflucose 
Positron Emission Tomography/Computed Tomography. † MIP: Maximum Intensity Projection. 
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vention but not surgical therapy, while Type 3 AL needs surgical intervention [18]. Labor-
atory tests, radiological imaging, or endoscopy can be used to detect AL [20]. Computed 
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Figure 1. Preoperative axial (a) and oblique coronal (b) fused images of 18F-FDG PET/CT * showing
focal FDG uptake in the gastric cardia (single arrow) in a 63-year-old female patient with gastric
cardia adenocarcinoma. The patient underwent minimally invasive esophagectomy with gastric
tube reconstruction (Ivor Lewis) after neoadjuvant chemotherapy. Axial (c) and 3D reconstruction
(d) images of postoperative CT scan with oral contrast on the 6th postoperative revealing leakage
(double arrows) due to a large defect in the gastric conduit wall (arrowhead). Three overlapping
stents were endoscopically placed to cover the defect as seen on the axial (e) and oblique sagittal
MIP † (f) of the follow-up CT scan (double arrowheads). * 18F-FDG PET/CT: 18F-Flurodeoxyflucose
Positron Emission Tomography/Computed Tomography. † MIP: Maximum Intensity Projection.

Several risk factors for AL have been identified, related to either the patient or the pro-
cedure. Among these, congestive heart failure, hypertension, renal insufficiency, diabetes,
smoking, previous neoadjuvant therapy, duration of the operation, and a need for blood
transfusion are the most common [22]. All these factors may contribute to the ischemia
of the reconstructed GC, which ultimately leads to AL [23]. The rate of AL seems to be
the highest after transhiatal esophagectomy, followed by McKeown esophagectomy, while
Ivor Lewis esophagectomy has the lowest risk of AL [24]. The most cranial part of the GC
used for the construction of the anastomosis is particularly vulnerable in terms of arterial
supply, since it is exclusively supplied by the right gastroepiploic artery, one of the terminal
branches of the gastroduodenal artery deriving from the common hepatic artery [25]. The
anatomy of the gastroduodenal artery varies though, and this vessel may also arise from
the left or the right hepatic arteries, or even directly from the celiac trunk [26].

According to European guidelines, a CT or 18F-FDG PET/CT scan of the neck, thorax,
and abdomen should be performed for the staging of esophageal cancer prior to treatment
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initiation [27]. Since, routinely, a full-body CT scan is available for each patient undergoing
esophagectomy, the evaluation of radiological risk factors predicting poor outcomes, and in
particular AL, can be easily incorporated into everyday practice Figure 2. A recent review
by Knight et al. [28] and a meta-analysis by Hoek et al. [29] examined the association
between AL and arterial calcification following esophagectomy. Both studies concluded
that there is significant evidence pointing to the contribution of calcification in the thoracic
aorta, the celiac axis, and the right post-celiac arteries in the development of postoperative
AL for patients undergoing esophagectomy with GC reconstruction. Other studies have
demonstrated a correlation between the degree of celiac trunk stenosis on preoperative CT
and AL [30,31].
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and coronal (b) image of preoperative 18F-FDG PET/CT * scan shows the tumor in distal esophagus Figure 2. A 66-year-old woman with squamous cell carcinoma of the gastric cardia. Fused axial (a)

and coronal (b) image of preoperative 18F-FDG PET/CT * scan shows the tumor in distal esophagus
and gastric cardia with strong FDG uptake (white arrows). Sagittal MIP † (c) of arterial phase
Computed Tomography revealed a high burden of atherosclerosis with multiple large, calcified
plaques in the thoracic and abdominal aorta (black arrow heads). Enlarged axial (d) and sagittal (e)
images of the same examination shows a calcified plaque causing significant stenosis in the celiac
axis (double arrows). The patient underwent minimally invasive esophagectomy (Ivor-Lewis) after
chemoradiotherapy and developed anastomotic leakage on the 8th postoperative day. * 18F-FDG
PET/CT: 18F-Flurodeoxyflucose Positron Emission Tomography/Computed Tomography. † MIP:
Maximum Intensity Projection.

This up-to-date literature review aims to examine the preoperative radiological assess-
ment of aortic calcification and celiac trunk stenosis as risk factors for AL after esophagec-
tomy, by summarizing all of the relevant published original studies, and explore its impli-
cations in clinical practice.

2. Methods

The report of our results was performed according to PRISMA (preferred reporting
items for systematic reviews and meta-analysis) guidelines (register number: 1298) [32].
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2.1. Search Strategies

A literature search was conducted to identify relevant publications in Medline and
Google Scholar. The following search algorithm was used: [(aortic calcification OR celiac
trunk stenosis) AND (esophagectomy) AND (anastomotic leakage OR esophageal conduit
necrosis)]. The search was restricted to studies in human subjects and published in English
in full text prior to 25 August 2021. The reference lists of the selected articles were also
screened in order to identify additional publications of relevance.

2.2. Study Selection and Data Extraction

Studies were considered eligible if they fulfilled the following criteria: original articles
reporting on either the examination of aortic calcification or celiac trunk stenosis as possible
risk factors for AL after esophagectomy with GC reconstruction. The exclusion criteria were
as follows: (i) reviews, meta-analyses, or case reports, (ii) duplicates or studies reporting
on the same patient cohort, (iii) studies where esophagectomy of a type other than GC
reconstruction was performed.

All eligible publications were independently screened for their relevance by 3 review-
ers (E.T., G.K., and A.T.). The same reviewers extracted relevant data: study characteristics
(first author, country, year of publication, study type, number of patients, and time period
of inclusion), type of surgery (McKeown, Ivor Lewis, other), type of exposure/radiological
correlation (aortic calcification, celiac trunk stenosis), and AL rate post esophagectomy.
Discrepancies in findings were discussed among the 3 reviewers and subsequently resolved.

3. Results

A total of 68 potentially relevant articles were identified through an electronic search
of bibliographic databases and a manual search of reference lists, of which 34 were directly
excluded as duplicates. Of the remaining 34 articles that underwent full-text evaluation,
25 were excluded for the following reasons: 1 case report of 2 patients [33], 1 systematic
review [28], 1 systematic review and meta-analysis [29], and 22 articles which were assessed
as irrelevant. Finally, 9 original studies fulfilled the inclusion criteria and were further
scrutinized [30,31,34–40]. The PRISMA flow diagram of the literature search and study
selection is shown in Figure 3.
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Figure 3. PRISMA flow chart.

All 9 studies were retrospective observational studies, mostly published after 2015.
The majority were conducted in German and Dutch institutions. Their data are summarized
in Table 1. Patients in the included studies were subjected to either McKeown or Ivor Lewis
esophagectomy with GC reconstruction, except for 1 patient in the study of Schröder et al.,
in whom a colon interposition was performed [34]. Jefferies et al. did not report the type of
esophagogastric anastomosis [40]. The AL rate ranged from 8.5 to 24% among studies.
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Table 1. Summary data of included studies investigating the association of arterial calcification and/or celiac trunk stenosis with anastomotic leakage after
esophagectomy with gastric conduit reconstruction.

Author/Country/
Year

Type of Study
(Time Period)

Type of
Surgery

Surgical
Approach

(Open/MIE †/
Hybrid)

Neoadjuvant
Treatment

(Total
Number of

Patients)

AL §

Rate
(%)

Association of
Arterial

Calcification
with AL

(Trajectories)

Association
of Celiac

Trunk
Stenosis
with AL

Findings Significance

Schröder/
Germany/2002 [34]

Prospective
(NS) *

Ivor Lewis
(n = 15),

McKeown
(n = 7) and colon

interposition
(n = 1)

Open 14 (23) 21 n/a -
Celiac trunk

stenosis was not
associated with AL.

First study that
investigated correlation
of celiac artery stenosis

and AL.

van Rossum/The
Netherlands/

2015 [35]

Retrospective
(2003–2012)

McKeown
(n = 168) and

transhiatal
(n = 78)

Open (n = 42)
MIE (n = 190)

Hybrid (n = 14)
134 (246) 24

+ ± (aorta, right
post-celiac

arteries)
n/a

Calcifications of the
aorta and the right
post-celiac arteries

were independently
associated with AL.

First study that proposed
a visual scoring system
for arterial calcification,

and demonstrated
association of aortic

calcification with AL.

Zhao/China/
2016 [36]

Retrospective
(2010–2015) McKeown

Open (n = 264)
MIE (n = 348)

Hybrid (n = 97)
80 (709) 17.2 + (aorta, celiac

axis) n/a

Calcifications of the
aorta and the celiac

axis were
independently

associated with AL.

Demonstrated that
presence of calcification

in the aorta or celiac
artery are independent
risk factors for AL in a
Chinese population.

Goense/The
Netherlands/

2016 [37]

Retrospective
(2012–2015) Ivor Lewis MIE 153 (167) 24 + (aorta) n/a

Calcifications of the
aorta was

independently
associated with AL,
while calcification
of the celiac axis,

left and right
post-celiac arteries

were not.

Demonstrated that
presence of calcification

on the aorta is an
independent risk factor
for AL. No significant

association for
calcification of
other arteries.
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Table 1. Cont.

Author/Country/
Year

Type of Study
(Time Period)

Type of
Surgery

Surgical
Approach

(Open/MIE †/
Hybrid)

Neoadjuvant
Treatment

(Total
Number of

Patients)

AL §

Rate
(%)

Association of
Arterial

Calcification
with AL

(Trajectories)

Association
of Celiac

Trunk
Stenosis
with AL

Findings Significance

Lainas/France/
2017 [31]

Retrospective
(2004–2014) Ivor Lewis Open (n = 239)

Hybrid (n = 242) 319 (481) 17.4 n/a +

Celiac trunk
stenosis was

independently
associated with
gastric conduit

necrosis. Also, AL
occurred more often

in patients with
celiac

trunk stenosis.

Investigated the
correlation of celiac trunk

stenosis (including
extrinsic, caused by

median arcuate ligament
compression, and

intrinsic, caused by
calcifications) and gastric

conduit necrosis.

Chang/Germany/
2018 [38]

Retrospective
(2014) Ivor Lewis Open and hybrid n/a ‡ (164) 8.5 - # +

Celiac trunk
stenosis was

associated with AL,
while calcifications
in the aorta, celiac
axis, the left and
right post-celiac

arteries were not.

Found association of
celiac trunk stenosis with
AL, but no association of

arterial calcifications
and AL.

Borggreve/
The Netherlands/

2018 [39]

Retrospective
(2003–2015)

McKeown
(n = 308) and

transhiatal
(n = 98)

Open (n = 80)
MIE (n = 311)

Hybrid (n = 15)
275 (406) 25.6

+ (supra-aortic
arteries,
coronary
arteries)

n/a

Calcifications of the
supra-aortic arteries

and the coronary
arteries were

independently
associated with AL.

No significant
association was

found between the
calcifications of the

celiac axis or
abdominal aorta,

and AL.

Suggests that generalized
cerebrovascular disease is
a strong indicator for risk

of AL.
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Table 1. Cont.

Author/Country/
Year

Type of Study
(Time Period)

Type of
Surgery

Surgical
Approach

(Open/MIE †/
Hybrid)

Neoadjuvant
Treatment

(Total
Number of

Patients)

AL §

Rate
(%)

Association of
Arterial

Calcification
with AL

(Trajectories)

Association
of Celiac

Trunk
Stenosis
with AL

Findings Significance

Jefferies/United
Kingdom/2019 [40]

Retrospective
2006–2018)

Ivor Lewis
(n = 379) and

McKeown
(n = 34)

Open (n = 86)
MIE (n = 103)

Hybrid (n = 224)
344 (413) 15.8 - n/a

The presence of
calcification at

several sites
including the celiac

axis, post-celiac
arteries, the

proximal and distal
aorta was studied,
and no association
with AL or gastric
conduit necrosis

was found.

No significant association
between arterial

calcification and AL or
gastric conduit necrosis.

Brinkmann/
Germany/2019 [30]

Prospective
(2014) Ivor Lewis Open (n = 17)

Hybrid (n = 137) 124 (154) 9.7 n/a +

Celiac trunk
stenosis was

independently
associated with AL.

Demonstrated that celiac
trunk stenosis is an

independent risk factor
for AL.

* NS, not specified. † MIE, minimally invasive esophagectomy. ‡ n/a, non-applicable/not available. § AL, anastomotic leakage. ± +, association was found. # -, no association was found.
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3.1. Association of Arterial Calcification with Anastomotic Leakage after Esophagectomy

Van Rossum et al. were the first to propose a visual scoring system for arterial cal-
cification on preoperative CT [35]. This scoring system is based on the assessment of the
presence and degree of calcification of selected arteries, and is evaluated on axial CT images
on a slice-by-slice basis. The authors retrospectively evaluated the preoperative CT scans of
246 patients operated with McKeown esophagectomy, and visually calculated the calcifica-
tion score on the thoracic and upper abdominal aorta, celiac axis, right post-celiac arteries
(common hepatic artery, gastroduodenal artery, and right gastroepiploic artery), and left
post-celiac arteries (splenic artery and left gastroepiploic artery). Multivariate regression
analysis of the individual scores revealed an association between AL and minor (OR, 2.00;
95% CI: 1.02, 3.94), as well as major (OR, 2.87; 95% CI: 1.22, 6.72), aortic calcifications.
These findings were confirmed in 167 patients treated with Ivor Lewis esophagectomy by
Goense et al., using the same scoring system [37]. Borggreve et al. [39] evaluated the visual
scoring system developed by van Rossum [35] in additional trajectories. Calcification in
the coronary arteries, supra-aortic arteries, and thoracic aorta was associated with AL,
which indicates that generalized cerebrovascular and cardiovascular disease might be a risk
factor for AL. Conversely, the study failed to demonstrate a significant association between
calcification in the abdominal aorta or the celiac trunk/right post-celiac arteries and AL.

Zhao et al. [36] included 673 patients after McKeown esophagectomy in a Chinese
population. Instead of grading the degree of arterial calcifications, this group used a simple
binary scoring system based on the presence or absence of calcifications and reported a
significantly higher rate of AL in patients with calcification of the aorta, celiac trunk, and
right/left post-celiac arteries. In contrast to the aforementioned studies, Jefferies et al. [40]
could not demonstrate any statistically significant association between arterial calcification
and AL after performing a retrospective analysis of preoperative CT scans from 411 patients
who underwent esophagogastric anastomosis.

3.2. Association of Celiac Trunk Stenosis with Anastomotic Leakage after Esophagectomy

Schröder et al. (2002) laid the groundwork for investigating the relationship between
celiac trunk stenosis and AL [34]. The group quantified the degree of celiac trunk stenosis
by conventional mesenterico-celiacography in 23 patients undergoing esophagectomy, but
failed to demonstrate statistically significant differences [34]. Lainas et al. [31] assessed the
preoperative arterial phase CT scans of 481 patients undergoing Ivor Lewis esophagectomy,
and classified the celiac trunk as normal, with extrinsic stenosis due to a median arcuate
ligament, or with intrinsic stenosis due to atherosclerotic changes [31]. The study revealed
higher rates of gastric conduit necrosis in patients with intrinsic or extrinsic stenosis
compared to those with a normal celiac trunk. However, the study did not assess the
degree of celiac trunk stenosis comprehensively, nor was multivariate analysis performed
to evaluate whether celiac trunk stenosis is an independent risk factor for AL.

Two other studies conducted at the same institution between January 2014 and De-
cember 2014 included 164 and 154 patients who had undergone Ivor Lewis esophagectomy,
respectively [30,38]. In both studies, the NASCET formula was used to assess the degree
of celiac trunk stenosis on preoperative CT, and was successfully correlated with AL after
esophagectomy. In addition, Chang et al. [38] performed a visual assessment of calcium
with the scoring system proposed by van Rossum et al. [35] on the same patient group.
No statistically significant association between arterial calcification and AL was found,
suggesting that the assessment of celiac trunk stenosis might be a more robust method to
predict AL.

4. Discussion

The majority of the studies included in this review indicate that arterial calcification
and celiac trunk stenosis are associated with an increased risk for AL after esophagectomy
with GC reconstruction. However, the presence of studies that do not reproduce the afore-
mentioned association generates questions to be answered and issues for further assessment.
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This up-to-date literature review adds value to the previously published reviews
by Knight et al. [28] and Hoek et al. [29] concerning the impact of arterial calcification
in AL after esophagectomy, by including studies evaluating another radiological risk
factor for AL, namely celiac trunk stenosis. Given the fact that the arterial supply of the
reconstructed GC which will be anastomosed to the esophageal remnant derives invariably
from the right gastroepiploic artery [25], a branch of the celiac trunk, it is rational to
assume that stenosis in the celiac trunk may lead to increased rates of GC necrosis and
anastomotic leakage following esophagectomy. This hypothesis could not be initially
verified by Schröder et al., maybe due to the inclusion of a small number of patients and
events (5 out of 23 patients developed AL) [34]. Furthermore, the method utilized for the
assessment of stenosis, namely mesenterico-celiacography, is an outdated method which
is replaced by CT angiography nowadays [41,42]. Later studies with larger cohorts and
an assessment of stenosis on arterial phase CT, based both on a visual evaluation [31] and
the calculation of the degree of stenosis with the NASCET formula [30,38], confirmed the
association between celiac trunk stenosis and AL after esophagectomy. Automated and
semi-automated segmentation methods have long been established for the assessment
of stenosis in carotid arteries on arterial phase CT, and seem to generate more robust
measurements compared to manual methods [43]. Thus, the same techniques could be
applied to quantify celiac trunk stenosis, automating the evaluation process of this risk
factor for AL post esophagectomy. From the included reviewed original articles, cut-off
values concerning the different degrees of celiac trunk stenosis associated with AL was
not feasible, due to a varying individual collateral blood flow via the superior mesenteric
artery and a wide spectrum of anatomical variations in the stomach’s greater curvature
arterial blood supply [30,31,38]. Therefore, future studies need to examine not only the
anatomical vascular variations, but also the functional vascular changes, by measuring the
arterial blood flow that the gastric conduit receives [30].

Regarding the relation of arterial calcification with AL following esophagectomy, not
all the studies included succeeded in identifying a statistically significant association. One
possible reason for the large variation in reported results might be the use of a visual
calcification score that can be radiologist-dependent and, additionally, susceptible to mis-
calculations due to anatomical and physiological variations among patients. Moreover, the
study cohorts were heterogenic, including different esophageal cancer types, and variable
percentages of given neoadjuvant therapies, as well as different surgical techniques. The
aforementioned reasons are also possible factors in the wide variation in the reported
incidence of AL. Due to the discrepancies in the above-mentioned results, Hoek et al. [29]
conducted a meta-analysis pooling data from all studies investigating the relation be-
tween arterial calcification and AL after esophagectomy with GC reconstruction [29]. The
meta-analysis showed a significant association between high calcium score and AL for
the thoracic aorta, celiac trunk, and right post-celiac axis, confirming the hypothesis that
atherosclerotic disease can lead to AL. One possible way to reduce variation in the as-
sessment of arterial calcification is to introduce a scoring system based on a quantitative,
rather than visual, evaluation of the calcification burden. Such a scoring system has been
successfully applied to coronary arteries for the assessment of cardiovascular risk [44], and
could be easily implemented for other arteries, such as the thoracic aorta.

Identifying patients at risk for anastomotic leakage after esophagectomy could sig-
nificantly alter patient management, and subsequently decrease the postoperative mor-
bidity and mortality [45]. Preoperative strategies for reducing the incidence of AL post
esophagectomy could include adequate patient selection and pre-habilitation, as well as
preconditioning of the stomach. The latter is an innovative technique that involves the
preoperative coiling or surgical occlusion of all supplying vessels to the stomach except
the right gastroepiploic artery, to increase the vascularization of the future GC [46,47].
Lammerts et al. [33] demonstrated that percutaneous angioplasty is feasible in patients
with significant celiac trunk stenosis prior to Ivor Lewis esophagectomy. Perioperatively,
high-risk patients could be managed with patient-specific surgical and anesthesiologic
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strategies, taking into consideration the choice of surgical procedure and anastomotic
technique [48], as well as intraoperative perfusion monitoring and postoperative fluid and
inotrope management [45,48–50]. After surgery, GC decompression using naso-gastric tube,
early diagnostic endoscopy before initiation of oral nutrition, and pre-emptive vacuum
therapy could be employed both for early detection of possible GC necrosis and improve-
ment of the arterial perfusion of the reconstructed GC to reduce the risk for AL and its
consequences [51,52].

Obviously, there are several other factors besides blood flow that are important for AL.
Potential risk factors for AL after esophagectomy, such as age, sex, high body mass index,
hyperlipidemia, malnutrition, smoking, hypertension, hypotension, prior neoadjuvant
therapy, duration of surgery, hospital volume, and chronic use of steroids, American Society
of Anesthesiologists (ASA) score, chronic obstructive pulmonary disease (COPD), forced
expiratory volume in one second (FEV1), diffusion capacity for carbon monoxide of the
lung (DLCO), and other comorbidities (e.g., coronary artery disease, cardiovascular disease,
diabetes mellitus and renal insufficiency) were tested in the included reviewed studies,
as variables in logistic regression models to evaluate whether those parameters could be
independently associated with AL [30,31,34–40]. The large variety in the aforementioned
parameters and the different statistical approaches of each study result in conflicting con-
clusions. Multivariable logistic regression models in the studies by van Rossum et al. [35],
Goense et al. [37], Borggreve et al. [39], and Jefferies et al. [40] did not reveal any indepen-
dent association of the above-mentioned risk factors with AL, revealing the multifactorial
nature of this complication after esophagectomy. On the other hand, using a multivariable
logistic regression, the study by Zhao et al. [36] revealed a significant association (p < 0.05)
of AL with demographic and clinical characteristics of patients such as ASA score, prior
thoracic surgery, upper digestive tract ulcer, COPD, hypertension, peripheral vascular
disease, renal insufficiency, FEV1, and DLCO. In a univariable analysis by Chang et al. [38],
no significant difference in tumor type and other preoperative comorbidities was found.
However, a univariable analysis by Brinkmann et al. [30] showed a higher rate of AL
in patients with squamous cell carcinoma, but no significant differences concerning pre-
existing comorbidities among patients with or without AL. Of note is that in the study
of Lainas et al. [31], 319 patients underwent neoadjuvant therapy, but no significant dif-
ferences were found between those who developed conduit necrosis and those without
conduit necrosis (p = 0.732).

There are limitations to a review like this. First, the vast majority of the included
articles are single-institution, retrospective studies and therefore subject to selection and
reporting bias. Second, as already mentioned, the cohort groups are heterogenic, and the
outcomes could be difficult to interpret and compare. On the other hand, one strength of
the current review is that all available published evidence in the field is included, and the
key message is that well-designed randomized controlled trials or large population-based
cohort studies are warranted.

5. Conclusions

In conclusion, arterial calcification and celiac trunk stenosis seem to be reliable risk
factors for predicting anastomotic leakage after esophagectomy with GC reconstruction,
and allow the modification of management of high-risk patients to reduce postoperative
complications. Both risk factors can be easily assessed on widely available preoperative
CT scans. Future studies should evaluate the use of automated quantitative methods for
the assessment of arterial calcification and celiac trunk stenosis. In that way, the reported
results could be not only directly comparable but also reproducible.

Author Contributions: Conceptualization, A.T. (Antonios Tzortzakakis) and I.R.; methodology,
A.T. (Antonios Tzortzakakis), G.K., B.H., E.T., E.K., A.K., A.T. (Andrianos Tsekrekos) and I.R.;
software, A.T. (Antonios Tzortzakakis), G.K., E.T. and E.K.; validation, A.T. (Antonios Tzortzakakis),
G.K., B.H., E.T., E.K., A.K., A.T. (Andrianos Tsekrekos) and I.R.; formal analysis, A.T. (Antonios
Tzortzakakis) and I.R.; investigation, A.T. (Antonios Tzortzakakis), G.K., B.H., E.T. and E.K.; resources,



Cancers 2022, 14, 1016 13 of 15

A.T. (Antonios Tzortzakakis), G.K., B.H., E.T., E.K., A.K., A.T. (Andrianos Tsekrekos) and I.R.;
data curation, A.T. (Antonios Tzortzakakis), A.K., A.T. (Andrianos Tsekrekos) and I.R.; writing—
original draft preparation, A.T. (Antonios Tzortzakakis); writing—review and editing, A.T. (Antonios
Tzortzakakis), G.K., B.H., E.T., E.K., A.K., A.T. (Andrianos Tsekrekos) and I.R.; visualization, A.T.
(Antonios Tzortzakakis), G.K., B.H., E.T., E.K., A.K., A.T. (Andrianos Tsekrekos) and I.R.; supervision,
A.T. (Antonios Tzortzakakis) and I.R.; project administration, A.T. (Antonios Tzortzakakis) and I.R.;
funding acquisition, not applicable. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kamangar, F.; Nasrollahzadeh, D.; Safiri, S.; Sepanlou, S.G.; Fitzmaurice, C.; Ikuta, K.S.; Bisignano, C.; Islami, F.; Roshandel, G.;

Lim, S.S.; et al. The global, regional, and national burden of oesophageal cancer and its attributable risk factors in 195 countries
and territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020,
5, 582–597. [CrossRef]

2. American Cancer Society Cancer Facts & Figures 2021; American Cancer Society: Atlanta, GA, USA, 2021.
3. Haverkamp, L.; Seesing, M.F.J.; Ruurda, J.P.; Boone, J.; van Hillegersberg, R. Worldwide trends in surgical techniques in the

treatment of esophageal and gastroesophageal junction cancer. Dis. Esophagus 2016, 30, 1–7. [CrossRef] [PubMed]
4. Kumar, T.; Pai, E.; Singh, R.; Francis, N.J.; Pandey, M. Neoadjuvant strategies in resectable carcinoma esophagus: A meta-analysis

of randomized trials. World J. Surg. Oncol. 2020, 18, 59. [CrossRef] [PubMed]
5. Almhanna, K.; Shridhar, R.; Meredith, K.L. Neoadjuvant or Adjuvant Therapy for Resectable Esophageal Cancer: Is There a

Standard of Care? Cancer Control 2013, 20, 89–96. [CrossRef] [PubMed]
6. Klink, C.D.; Binnebösel, M.; Otto, J.; Boehm, G.; von Trotha, K.T.; Hilgers, R.-D.; Conze, J.; Neumann, U.P.; Jansen, M. Intrathoracic

versus Cervical Anastomosis after Resection of Esophageal Cancer: A matched pair analysis of 72 patients in a single center study.
World J. Surg. Oncol. 2012, 10, 159. [CrossRef]

7. van Workum, F.; Berkelmans, G.H.; Klarenbeek, B.R.; Nieuwenhuijzen, G.A.P.; Luyer, M.D.P.; Rosman, C. McKeown or Ivor
Lewis totally minimally invasive esophagectomy for cancer of the esophagus and gastroesophageal junction: Systematic review
and meta-analysis. J. Thorac. Dis. 2017, 9, S826–S833. [CrossRef]

8. van der Sluis, P.C.; Schizas, D.; Liakakos, T.; van Hillegersberg, R. Minimally Invasive Esophagectomy. Dig. Surg. 2020, 37, 93–100.
[CrossRef]

9. Orringer, M.B. Transhiatal Esophagectomy: How I Teach It. Ann. Thorac. Surg. 2016, 102, 1432–1437. [CrossRef]
10. Biere, S.S.A.Y.; van Berge Henegouwen, M.I.; Maas, K.W.; Bonavina, L.; Rosman, C.; Garcia, J.R.; Gisbertz, S.S.; Klinkenbijl, J.H.G.;

Hollmann, M.W.; de Lange, E.S.; et al. Minimally invasive versus open oesophagectomy for patients with oesophageal cancer: A
multicentre, open-label, randomised controlled trial. Lancet 2012, 379, 1887–1892. [CrossRef]

11. Mariette, C.; Markar, S.R.; Dabakuyo-Yonli, T.S.; Meunier, B.; Pezet, D.; Collet, D.; D’Journo, X.B.; Brigand, C.; Perniceni, T.;
Carrère, N.; et al. Hybrid Minimally Invasive Esophagectomy for Esophageal Cancer. N. Engl. J. Med. 2019, 380, 152–162.
[CrossRef]

12. Gottlieb-Vedi, E.; Kauppila, J.H.; Malietzis, G.; Nilsson, M.; Markar, S.R.; Lagergren, J. Long-term Survival in Esophageal Cancer
After Minimally Invasive Compared to Open Esophagectomy. Ann. Surg. 2019, 270, 1005–1017. [CrossRef] [PubMed]

13. Evans, R.P.T.; Singh, P.; Nepogodiev, D.; Bundred, J.; Kamarajah, S.; Jefferies, B.; Siaw-Acheampong, K.; Wanigasooriya, K.;
McKay, S.; Mohamed, I.; et al. Study protocol for a multicenter prospective cohort study on esophagogastric anastomoses and
anastomotic leak (the Oesophago-Gastric Anastomosis Audit/OGAA). Dis. Esophagus 2019, 33, 1–15. [CrossRef] [PubMed]

14. Sharma, S. Management of Complications of Radical Esophagectomy. Indian J. Surg. Oncol. 2013, 4, 105–111. [CrossRef] [PubMed]
15. Mboumi, I.W.; Reddy, S.; Lidor, A.O. Complications After Esophagectomy. Surg. Clin. N. Am. 2019, 99, 501–510. [CrossRef]

[PubMed]
16. Bundred, J.R.; Kamarajah, S.K.; Siaw-Acheampong, K.; Nepogodiev, D.; Jefferies, B.; Singh, P.; Evans, R.; Griffiths, E.A.; Alderson,

D.; Gossage, J.; et al. International Variation in Surgical Practices in Units Performing Oesophagectomy for Oesophageal Cancer:
A Unit Survey from the Oesophago-Gastric Anastomosis Audit (OGAA). World J. Surg. 2019, 43, 2874–2884. [CrossRef]

17. Chadi, S.A.; Fingerhut, A.; Berho, M.; DeMeester, S.R.; Fleshman, J.W.; Hyman, N.H.; Margolin, D.A.; Martz, J.E.; McLemore,
E.C.; Molena, D.; et al. Emerging Trends in the Etiology, Prevention, and Treatment of Gastrointestinal Anastomotic Leakage. J.
Gastrointest. Surg. 2016, 20, 2035–2051. [CrossRef]

18. Low, D.E.; Alderson, D.; Cecconello, I.; Chang, A.C.; Darling, G.E.; D’Journo, X.B.; Griffin, S.M.; Hölscher, A.H.; Hofstetter, W.L.;
Jobe, B.A.; et al. International consensus on standardization of data collection for complications associated with esophagectomy:
Esophagectomy Complications Consensus Group (ECCG). Ann. Surg. 2015, 262, 286–294. [CrossRef]

19. Schlottmann, F.; Molena, D. Anastomotic leak: An early complication with potentially long-term consequences. J. Thorac. Dis.
2016, 8, E1219–E1220. [CrossRef]

http://doi.org/10.1016/S2468-1253(20)30007-8
http://doi.org/10.1111/dote.12480
http://www.ncbi.nlm.nih.gov/pubmed/27001442
http://doi.org/10.1186/s12957-020-01830-x
http://www.ncbi.nlm.nih.gov/pubmed/32199464
http://doi.org/10.1177/107327481302000202
http://www.ncbi.nlm.nih.gov/pubmed/23571699
http://doi.org/10.1186/1477-7819-10-159
http://doi.org/10.21037/jtd.2017.03.173
http://doi.org/10.1159/000497456
http://doi.org/10.1016/j.athoracsur.2016.09.044
http://doi.org/10.1016/S0140-6736(12)60516-9
http://doi.org/10.1056/NEJMoa1805101
http://doi.org/10.1097/SLA.0000000000003252
http://www.ncbi.nlm.nih.gov/pubmed/30817355
http://doi.org/10.1093/dote/doz007
http://www.ncbi.nlm.nih.gov/pubmed/30888419
http://doi.org/10.1007/s13193-013-0215-1
http://www.ncbi.nlm.nih.gov/pubmed/24426709
http://doi.org/10.1016/j.suc.2019.02.011
http://www.ncbi.nlm.nih.gov/pubmed/31047038
http://doi.org/10.1007/s00268-019-05080-1
http://doi.org/10.1007/s11605-016-3255-3
http://doi.org/10.1097/SLA.0000000000001098
http://doi.org/10.21037/jtd.2016.09.65


Cancers 2022, 14, 1016 14 of 15

20. Hagens, E.R.C.; Anderegg, M.C.J.; van Berge Henegouwen, M.I.; Gisbertz, S.S. International Survey on the Management of
Anastomotic Leakage After Esophageal Resection. Ann. Thorac. Surg. 2018, 106, 1702–1708. [CrossRef]

21. Athanasiou, A.; Hennessy, M.; Spartalis, E.; Tan, B.H.L.; Griffiths, E.A. Conduit necrosis following esophagectomy: An up-to-date
literature review. World J. Gastrointest. Surg. 2019, 11, 155–168. [CrossRef]

22. Hall, B.R.; Flores, L.E.; Parshall, Z.S.; Shostrom, V.K.; Are, C.; Reames, B.N. Risk factors for anastomotic leak after esophagectomy
for cancer: A NSQIP procedure-targeted analysis. J. Surg. Oncol. 2019, 120, 661–669. [CrossRef] [PubMed]

23. Urschel, J.D. Esophagogastrostomy anastomotic leaks complicating esophagectomy: A review. Am. J. Surg. 1995, 169, 634–640.
[CrossRef]

24. Fabbi, M.; Hagens, E.R.C.; van Berge Henegouwen, M.I.; Gisbertz, S.S. Anastomotic leakage after esophagectomy for esophageal
cancer: Definitions, diagnostics, and treatment. Dis. Esophagus 2020, 34, 1–14. [CrossRef]

25. Liebermann-Meffert, D.M.I.; Meier, R.; Siewert, J.R. Vascular anatomy of the gastric tube used for esophageal reconstruction. Ann.
Thorac. Surg. 1992, 54, 1110–1115. [CrossRef]

26. Desai, G.S.; Pande, P.M. Gastroduodenal artery: Single key for many locks. J. Hepatobiliary. Pancreat. Sci. 2019, 26, 281–291.
[CrossRef] [PubMed]

27. Lordick, F.; Mariette, C.; Haustermans, K.; Obermannová, R.; Arnold, D. Oesophageal cancer: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up. Ann. Oncol. 2016, 27, v50–v57. [CrossRef] [PubMed]

28. Knight, K.A.; Horgan, P.G.; McMillan, D.C.; Roxburgh, C.S.D.; Park, J.H. The relationship between aortic calcification and
anastomotic leak following gastrointestinal resection: A systematic review. Int. J. Surg. 2020, 73, 42–49. [CrossRef]

29. Hoek, V.T.; Edomskis, P.P.; Menon, A.G.; Kleinrensink, G.-J.; Lagarde, S.M.; Lange, J.F.; Wijnhoven, B.P.L. Arterial calcification is a
risk factor for anastomotic leakage after esophagectomy: A systematic review and meta-analysis. Eur. J. Surg. Oncol. 2020, 46,
1975–1988. [CrossRef]

30. Brinkmann, S.; Chang, D.H.; Kuhr, K.; Hoelscher, A.H.; Spiro, J.; Bruns, C.J.; Schroeder, W. Stenosis of the celiac trunk is associated
with anastomotic leak after Ivor–Lewis esophagectomy. Dis. Esophagus 2019, 32, 1–7. [CrossRef]

31. Lainas, P.; Fuks, D.; Gaujoux, S.; Machroub, Z.; Fregeville, A.; Perniceni, T.; Mal, F.; Dousset, B.; Gayet, B. Preoperative imaging
and prediction of oesophageal conduit necrosis after oesophagectomy for cancer. Br. J. Surg. 2017, 104, 1346–1354. [CrossRef]

32. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

33. Lammerts, R.; van Det, M.; Geelkerken, R.; Kouwenhoven, E. Risk-Assessment of Esophageal Surgery: Diagnosis and Treatment
of Celiac Trunk Stenosis. Thorac. Cardiovasc. Surg. Reports 2018, 07, e21–e23. [CrossRef] [PubMed]

34. Schröder, W.; Zähringer, M.; Stippel, D.; Gutschow, C.; Beckurts, K.T.E.; Lackner, K.; Hölscher, A.H. Does celiac trunk stenosis
correlate with anastomotic leakage of esophagogastrostomy after esophagectomy? Dis. Esophagus 2002, 15, 232–236. [CrossRef]
[PubMed]

35. van Rossum, P.S.N.; Haverkamp, L.; Verkooijen, H.M.; van Leeuwen, M.S.; van Hillegersberg, R.; Ruurda, J.P. Calcification of
Arteries Supplying the Gastric Tube: A New Risk Factor for Anastomotic Leakage after Esophageal Surgery. Radiology 2015, 274,
124–132. [CrossRef] [PubMed]

36. Zhao, L.; Zhao, G.; Li, J.; Qu, B.; Shi, S.; Feng, X.; Feng, H.; Jiang, J.; Xue, Q.; He, J. Calcification of arteries supplying the gastric
tube increases the risk of anastomotic leakage after esophagectomy with cervical anastomosis. J. Thorac. Dis. 2016, 8, 3551–3562.
[CrossRef] [PubMed]

37. Goense, L.; van Rossum, P.S.N.; Weijs, T.J.; van Det, M.J.; Nieuwenhuijzen, G.A.; Luyer, M.D.; van Leeuwen, M.S.; van
Hillegersberg, R.; Ruurda, J.P.; Kouwenhoven, E.A. Aortic Calcification Increases the Risk of Anastomotic Leakage After
Ivor-Lewis Esophagectomy. Ann. Thorac. Surg. 2016, 102, 247–252. [CrossRef]

38. Chang, D.-H.; Brinkmann, S.; Smith, L.; Becker, I.; Schroeder, W.; Hoelscher, A.; Haneder, S.; Maintz, D.; Spiro, J.E. Calcification
score versus arterial stenosis grading: Comparison of two CT-based methods for risk assessment of anastomotic leakage after
esophagectomy and gastric pull-up. Ther. Clin. Risk Manag. 2018, 14, 721–727. [CrossRef]

39. Borggreve, A.S.; Goense, L.; van Rossum, P.S.N.; van Hillegersberg, R.; de Jong, P.A.; Ruurda, J.P. Generalized cardiovascular
disease on a preoperative CT scan is predictive for anastomotic leakage after esophagectomy. Eur. J. Surg. Oncol. 2018, 44, 587–593.
[CrossRef]

40. Jefferies, B.J.; Evans, E.; Bundred, J.; Hodson, J.; Whiting, J.L.; Forde, C.; Griffiths, E.A. Vascular calcification does not predict
anastomotic leak or conduit necrosis following oesophagectomy. World J. Gastrointest. Surg. 2019, 11, 308–321. [CrossRef]

41. Phillips, T.J.; Stella, D.L.; Rozen, W.M.; Ashton, M.; Taylor, G.I. Abdominal Wall CT Angiography: A Detailed Account of a Newly
Established Preoperative Imaging Technique. Radiology 2008, 249, 32–44. [CrossRef]

42. Liu, P.S.; Platt, J.F. CT angiography in the abdomen: A pictorial review and update. Abdom. Imaging 2014, 39, 196–214. [CrossRef]
[PubMed]

43. Zhu, C.; Patterson, A.J.; Thomas, O.M.; Sadat, U.; Graves, M.J.; Gillard, J.H. Carotid stenosis assessment with multi-detector CT
angiography: Comparison between manual and automatic segmentation methods. Int. J. Cardiovasc. Imaging 2013, 29, 899–905.
[CrossRef] [PubMed]

44. Greenland, P.; Blaha, M.J.; Budoff, M.J.; Erbel, R.; Watson, K.E. Coronary Calcium Score and Cardiovascular Risk. J. Am. Coll.
Cardiol. 2018, 72, 434–447. [CrossRef]

http://doi.org/10.1016/j.athoracsur.2018.05.009
http://doi.org/10.4240/wjgs.v11.i3.155
http://doi.org/10.1002/jso.25613
http://www.ncbi.nlm.nih.gov/pubmed/31292967
http://doi.org/10.1016/S0002-9610(99)80238-4
http://doi.org/10.1093/dote/doaa039
http://doi.org/10.1016/0003-4975(92)90077-H
http://doi.org/10.1002/jhbp.636
http://www.ncbi.nlm.nih.gov/pubmed/31099488
http://doi.org/10.1093/annonc/mdw329
http://www.ncbi.nlm.nih.gov/pubmed/27664261
http://doi.org/10.1016/j.ijsu.2019.11.023
http://doi.org/10.1016/j.ejso.2020.06.019
http://doi.org/10.1093/dote/doy107
http://doi.org/10.1002/bjs.10558
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.1055/s-0038-1660833
http://www.ncbi.nlm.nih.gov/pubmed/29942732
http://doi.org/10.1046/j.1442-2050.2002.00252.x
http://www.ncbi.nlm.nih.gov/pubmed/12444996
http://doi.org/10.1148/radiol.14140410
http://www.ncbi.nlm.nih.gov/pubmed/25119021
http://doi.org/10.21037/jtd.2016.12.62
http://www.ncbi.nlm.nih.gov/pubmed/28149549
http://doi.org/10.1016/j.athoracsur.2016.01.093
http://doi.org/10.2147/TCRM.S157352
http://doi.org/10.1016/j.ejso.2018.01.225
http://doi.org/10.4240/wjgs.v11.i7.308
http://doi.org/10.1148/radiol.2483072054
http://doi.org/10.1007/s00261-013-0035-3
http://www.ncbi.nlm.nih.gov/pubmed/24026174
http://doi.org/10.1007/s10554-012-0148-8
http://www.ncbi.nlm.nih.gov/pubmed/23135615
http://doi.org/10.1016/j.jacc.2018.05.027


Cancers 2022, 14, 1016 15 of 15

45. Vetter, D.; Gutschow, C.A. Strategies to prevent anastomotic leakage after esophagectomy and gastric conduit reconstruction.
Langenbeck’s Arch. Surg. 2020, 405, 1069–1077. [CrossRef] [PubMed]

46. Barberio, M.; Felli, E.; Pop, R.; Pizzicannella, M.; Geny, B.; Lindner, V.; Baiocchini, A.; Jansen-Winkeln, B.; Moulla, Y.; Agnus, V.;
et al. A Novel Technique to Improve Anastomotic Perfusion Prior to Esophageal Surgery: Hybrid Ischemic Preconditioning of
the Stomach. Preclinical Efficacy Proof in a Porcine Survival Model. Cancers 2020, 12, 2977. [CrossRef] [PubMed]

47. Michalinos, A.; Antoniou, S.A.; Ntourakis, D.; Schizas, D.; Ekmektzoglou, K.; Angouridis, A.; Johnson, E.O. Gastric ischemic
preconditioning may reduce the incidence and severity of anastomotic leakage after oesophagectomy: A systematic review and
meta-analysis. Dis. Esophagus 2020, 33, 1–12. [CrossRef] [PubMed]

48. Bartella, I.; Brinkmann, S.; Fuchs, H.; Leers, J.; Schlößer, H.A.; Bruns, C.J.; Schröder, W. Two-stage hybrid Ivor-Lewis esophagec-
tomy as surgical strategy to reduce postoperative morbidity for high-risk patients. Surg. Endosc. 2021, 35, 1182–1189. [CrossRef]

49. Bhat, M.A.; Dar, M.A.; Lone, G.N.; Dar, A.M. Use of Pedicled Omentum in Esophagogastric Anastomosis for Prevention of
Anastomotic Leak. Ann. Thorac. Surg. 2006, 82, 1857–1862. [CrossRef]

50. Chen, L.; Liu, F.; Wang, K.; Zou, W. Omentoplasty in the prevention of anastomotic leakage after oesophagectomy: A meta-analysis.
Eur. J. Surg. Oncol. 2014, 40, 1635–1640. [CrossRef]

51. Weijs, T.J.; Kumagai, K.; Berkelmans, G.H.K.; Nieuwenhuijzen, G.A.P.; Nilsson, M.; Luyer, M.D.P. Nasogastric decompression
following esophagectomy: A systematic literature review and meta-analysis. Dis. Esophagus 2016, 30, 1–8. [CrossRef]

52. Gubler, C.; Vetter, D.; Schmidt, H.M.; Müller, P.C.; Morell, B.; Raptis, D.; Gutschow, C.A. Preemptive endoluminal vacuum therapy
to reduce anastomotic leakage after esophagectomy: A game-changing approach? Dis. Esophagus 2019, 32. [CrossRef]

http://doi.org/10.1007/s00423-020-01926-8
http://www.ncbi.nlm.nih.gov/pubmed/32651652
http://doi.org/10.3390/cancers12102977
http://www.ncbi.nlm.nih.gov/pubmed/33066529
http://doi.org/10.1093/dote/doaa010
http://www.ncbi.nlm.nih.gov/pubmed/32372088
http://doi.org/10.1007/s00464-020-07485-9
http://doi.org/10.1016/j.athoracsur.2006.05.101
http://doi.org/10.1016/j.ejso.2014.07.038
http://doi.org/10.1111/dote.12530
http://doi.org/10.1093/dote/doy126

	Introduction 
	Methods 
	Search Strategies 
	Study Selection and Data Extraction 

	Results 
	Association of Arterial Calcification with Anastomotic Leakage after Esophagectomy 
	Association of Celiac Trunk Stenosis with Anastomotic Leakage after Esophagectomy 

	Discussion 
	Conclusions 
	References

