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Abstract

Introduction Anastomotic strictures following esophagectomy occur frequently and impact on nutrition and quality of life.
Although strictures are often attributed to ischemia and anastomotic leaks, the role of anastomosis size and pyloroplasty is
not well evaluated. Our study aims to assess the rate of and risk factors for anastomotic stricture following esophagectomy,
and the impact of treatment with regular endoscopic balloon dilatations.

Methods Consecutive patients (n=207) undergoing Ivor Lewis esophagectomy performed by two surgeons at our institution
were included. Data on patient demographics, surgical outcomes and anastomotic strictures were recorded. Relationship of
anastomotic strictures with circular stapler size, pyloroplasty and anastomotic leak was analyzed. Treatment of strictures
with endoscopic balloon dilatation was reviewed and percentage weight loss at 1 year was evaluated.

Results Anastomotic strictures occurred in 17.4% of patients. Patient demographics between those with and without stricture
were similar. Stricture rate was similar in patients with or without pyloroplasty (13.9% vs 21.7%, respectively, p =0.14) and
in those with or without an anastomotic leak (25.0% vs 16.6%, respectively, p=0.345). Stricture risk increased with smaller
sized stapler (25 mm=33.3%, 28 mm=15.3%, 31 mm=4.8%; p=0.027).

The median number of dilatations required to fully treat strictures was 2 (IQR: 1-3). The median length of time from surgery
to first dilatation was 2.9 months (IQR: 2.0-4.7) and to last dilatation was 6.1 months (IQR: 4.8-10.0). Median maximum
dilatation diameter was 20 mm (IQR: 18.0-20.0). There were no complications from dilatations. Percentage weight loss at
1 year in patients with strictures was similar to those without strictures (8.7% vs 11.1%, respectively, p=0.090).
Conclusions Post-esophagectomy anastomotic strictures are common and not necessarily related to anastomotic leaks or
absence of pyloroplasty. Smaller anastomosis size was strongly linked with stricture formation. A driven approach with
regular endoscopic balloon dilation is safe and effective in treating these strictures with no excess weight loss at 1 year once
treated.

Keywords Esophagectomy - Anastomotic stricture - Weight loss

Ivor Lewis esophagectomy is the most commonly employed
surgical treatment for potentially curable esophageal car-
cinoma. Despite improvements in operative technique
and standardized post-operative protocols there remains a
high morbidity rate of up to 60% related to an Ivor Lewis
esophagectomy with subsequent impact on quality of life
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[1, 2]. One such troublesome complication of an Ivor Lewis
esophagectomy is an anastomotic stricture with a reported
incidence of 18-42% [3-5].

An anastomotic stricture following an Ivor Lewis
esophagectomy refers to a narrowing at the site of the
esophago-gastric anastomosis. The cardinal symptom of an
anastomotic stricture following an esophagectomy is dys-
phagia. Other presenting symptoms may include food bolus
obstruction, aspiration pneumonia or excess weight loss fol-
lowing esophagectomy.

Anastomotic strictures following esophagectomy are
diagnosed by contrast radiological studies or by endoscopy.
The aim of endoscopic intervention is to achieve an esoph-
ageal lumen > 15mm although this is a largely arbitrary
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cut-off without an evidence base [6]. The optimum size will
vary between patients and should be individualized.

Different techniques exist to create esophago-gastric
anastomosis during an Ivor Lewis esophagectomy including
circular stapled, linear stapled and a hand-sewn anastomotic
technique. However across multiple studies one anastomotic
technique has not been shown to be superior over another
[7-11]. Several studies have looked into risk factors for the
development of anastomotic strictures including conduit
ischemia, anastomotic leaks, co-morbidities and neoad-
juvant treatment. Few studies have considered the impact
of pre-operative weight, anastomosis size and the use of
pyloric drainage procedures such as pyloroplasty during an
esophagectomy on anastomotic stricture rate. Also little is
known about the long-term nutritional impact of anastomotic
strictures and their treatment.

The aim of this study was to evaluate the rate of and risk
factors for anastomotic stricture following esophagectomy
using a standardized circular stapled technique and to assess
the impact of treatment with endoscopic balloon dilatation
on post-operative weight loss.

Methods
Study design

This was a retrospective analysis of a contemporaneously
maintained database at a regional upper gastro-intestinal
cancer center in the United Kingdom. All patients who
underwent an Ivor Lewis esophagectomy for adenocar-
cinoma or squamous cell carcinoma of the esophagus or
gastro-esophageal junction between April 2013 and April
2021 were included. Data collection included patient demo-
graphics (age, gender, ASA (American Society of Anesthe-
siologists) grade, neoadjuvant treatment and pre-operative
weight). Post-operative histological parameters were col-
lected including tumor subtype (adenocarcinoma or squa-
mous cell carcinoma), tumor, lymph node, metastasis, and
resection margin stage according to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging of
epithelial cancers of the esophagus and esophagogastric
junction. For subsequent analysis patients were divided into
two groups including: those that did not develop an anasto-
motic stricture and those that did have an anastomotic stric-
ture. Anastomotic strictures were identified in the presence
of dysphagia and stenosis at the anastomosis on oral contrast
studies or endoscopy and required endoscopic dilatation.

Clinical outcomes including 30- and 90-day mortality
rate, anastomotic leak rate, respiratory complication rate
and percentage weight loss at 1 year were collected. The
presence of pyloroplasty and the size of anastomosis was
recorded.

@ Springer

Patients identified with an anastomotic stricture were
treated with endoscopic anastomotic balloon dilatation. Data
were collected on the number of endoscopic anastomotic
balloon dilatations required, the diameter of the balloon used
for dilatation and the time interval from surgery to endo-
scopic intervention.

Surgical technique

Each patient underwent clinical staging using a combination
of endoscopy, computed tomogram and positron emission
tomogram as is the standard at our institution. Neoadjuvant
therapy with chemotherapy or chemoradiotherapy was given
to all patients with node-positive disease and/or >T?2 dis-
ease. Resection was performed 5-8 weeks following comple-
tion of neoadjuvant therapy. All operations were performed
by one of the two surgeons (denoted surgeon A and surgeon
B) within the Department of Upper Gastrointestinal Surgery.

A standard Ivor Lewis esophagectomy was performed
using trans-abdominal and right thoracotomy access. A
complete lymphadenectomy of the celiac branches was
performed. The duodenum was Kocherized. The stomach
and distal esophagus were mobilized to above the hiatus. At
the end of the abdominal phase surgeon A did not routinely
perform a pyloroplasty and surgeon B routinely did perform
a pyloroplasty. During pyloroplasty the entire muscle and
gastric mucosa at the pylorus were divided longitudinally.
The pylorotomy was then closed transversely in a single
layer with interrupted 3—0 polydioxanone sutures to create a
Heineke-Mikulicz type pyloroplasty. Feeding jejunostomies
were not routinely inserted. Thoracic esophageal mobiliza-
tion and lymphadenectomy was then performed via a right
posterolateral approach. Azygos arch was divided and tho-
racic duct ligated above the diaphragm. The stomach was
tubularized to create a conduit approximately 5 cm in width
and a subsequent intrathoracic anastomosis using a circular
stapler was performed above the level of azygos arch. A
standard circular stapled end-to-side esophago-gastric anas-
tomosis was performed using a Medtronic EEA™ DST™
stapler with diameters 25 mm, 28 mm or 31 mm. The size
of the stapler used depended on the available diameter of
the proximal esophagus. The largest size of circular stapler
was used based on the available diameter of the proximal
esophagus. The largest size of stapler head (25 mm, 28 mm
or 31 mm) was used which could be inserted without tear-
ing the proximal esophagus. The proximal esophagus was
routinely dilated prior to stapler head insertion with a 28
Fr Foley catheter balloon, to gently stretch the lumen and
reduce spasm to allow the largest stapler head to fit in. The
circular staple line was not oversewn but was wrapped with
surrounding available omentum.

All patients were managed according to a standardized
post-operative protocol. All patients received proton pump
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inhibitor therapy post-operatively and this was continued on
a long-term basis orally after discharge.

Definitions
Mortality rate

Patients who did not survive 30-day or 90-day time points
were identified for mortality rate assessment.

Anastomotic leak

Anastomotic leak was diagnosed by oral contrast study and
computed tomogram following clinical suspicion as indi-
cated by fever and / or leucocytosis or rising C reactive pro-
tein level.

Respiratory complications

Respiratory complications, including pneumonia (diag-
nosed by a combination of clinical symptoms suggestive of
the diagnosis, leukocytes and infiltrates on imaging), were
recorded if classified as Clavien-Dindo grade > 3.

Anastomotic stricture

Anastomotic stricture was identified in the presence of dys-
phagia and stenosis at the anastomosis on oral contrast stud-
ies or endoscopy and required endoscopic dilatation.

Post-operative anastomotic stricture endoscopic treatment

Patients who had post-operative dysphagia were offered
endoscopic assessment or contrast swallow study. Those
found to have stenosis at the anastomosis were offered
endoscopic balloon dilatation. Endoscopic balloon dilata-
tion was performed under sedation with a through-the-endo-
scope balloon (Boston Scientific CRE™ balloon dilator),
with the size employed dependent on the stricture and the
endoscopist’s judgement. Patients whose maximum dilation
size was < 12 mm were offered repeat endoscopic dilata-
tions in two weeks. Those with maximum dilatation size
of < 15mm were offered repeat dilatations in four weeks.
Dilatations were stopped once dysphagia was resolved, and
maximum dilatation size was > 15mm.

Percentage weight loss

Weight loss at a 1-year time point was compared to immedi-
ate pre-operative weight (following any neoadjuvant treat-
ment) to calculate percentage weight loss.

Exclusion criteria

Patients were excluded from analysis if they underwent an
Ivor Lewis esophagectomy for a diagnosis other than adeno-
carcinoma or squamous cell carcinoma of the esophagus or
gastro-esophageal junction. For the evaluation of percent-
age weight loss at 1-year post-operatively, patients were
excluded if they had been diagnosed with recurrence or died
prior to the 1-year timepoint. Anastomotic strictures which
occurred due to disease recurrence were excluded from the
study.

Statistical analysis

Demographic data were summarized and compared between
the groups using the Mann—Whitney U-test for continuous
variables and Chi-Squared test for categorical variables. For
all tests a two-sided p value of 0.05 was deemed to be sig-
nificant. All statistical analysis was conducted on DATAtab:
Online Statistics Calculator (DATAtab e.U. Graz, Austria).

Ethics and consent

Data analyzed in this study were collected from a contempo-
raneously maintained database from the Upper Gastrointes-
tinal Surgical unit at our institute. Data review was approved
by Local Clinical Effectiveness Unit (CEU project regis-
tration number: 11763). No patient identifying information
was recorded and patient consent was not required for data
review as per CEU guidelines.

Results

During the study period 207 patients met the inclusion crite-
ria. 171 patients (82.6%) did not have an anastomotic stric-
ture and 36 patients (17.4%) had an anastomotic stricture.
57 patients were excluded from the analysis of weight loss
at 1 year, 5 of these patients had disease recurrence at the
anastomosis. There was no statistically significant difference
between the groups in terms of age, gender, ASA grade,
pre-operative weight, neoadjuvant treatment, tumor subtype,
TNM stage or resection margin status. Of note all patients
were classified as ASA grade 2 or 3 and all patients were
MO according to the TNM system. There were no R1 longi-
tudinal or R2 resections. All results summarized in Table 1.

Analysis of etiology of anastomotic strictures
and clinical outcomes

The anastomotic stricture rate in patients who had a pyloro-

plasty was similar to those without (13.9% vs 21.7%, respec-
tively, p=0.14). Anastomotic stricture rate was also similar
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Table 1 Patient characteristics

Table 2 Anastomosis size

No anasto- Anastomotic p value®
motic stricture stricture (n=36)
(n=171)
Age 67 (61-72) 65 (59-72) 0.458°
Gender 0.689
Male 138 28
Female 33 8
ASA Grade 0.0.248
2 127 30
3 44 6
Pre-operative weight ~ 79.0 (70.1-90.1) 75.1 (67.0-88.0) 0.1 88>
ko)
Neoadjuvant treat- 0.747
ment
Yes 114 25
No 57 11
Tumor Subtype 0.847
Squamous Cell 16 3
Carcinoma
Adenocarcinoma 155 33
T stage 0.797
0-1 56 9
2 23 6
3 89 20
4 3 1
N stage 0.973
0 80 18
1 45 9
2 28
3 18 3
Resection margin 0.939
RO 132 28
R1 (circumferential) 39 8

Values are median (IQR), otherwise n
2Chi-Squared test except "Mann—Whitney U-Test

in those patients who had an anastomotic leak to those who
did not (25.0% vs 16.6%, respectively, p=0.345).

A standard circular stapled end-to-side esophago-gastric
anastomosis was performed using a Medtronic EEA™
DST™ stapler with diameters 25mm, 28mm or 3 1mm.
33.3% of patients with anastomosis size 25mm developed
an anastomotic stricture, 15.3% of patients with anastomosis
size 28mm developed an anastomotic stricture and 4.8% of
patients with anastomosis size 31mm developed an anas-
tomotic stricture. There was a statistically significant trend
between decreasing anastomosis size and the development of
an anastomotic stricture (p <0.05). Further analysis revealed
that there was a statistically significant risk of anastomotic
stricture when the anastomosis size was 25 mm versus
greater than 25mm (28 or 31 mm) (p < 0.05). However such

@ Springer

No anastomotic Anastomotic p value®
stricture (n=171) stricture (n=36)
Anastomosis size 0.027%*
25 mm (n=36) 24 (66.7%) 12 (33.3%)
28 mm (n=150) 127 (84.7%) 23 (15.3%)
31 mm (n=21) 20 (95.2%) 1(4.8%)

2Chi-Squared test. *Denotes statistical significance at 0.05 level

risk was not evident between anastomosis sizes 25 or 28 mm
versus 31 mm (p > 0.05) suggesting that anastomosis size
25mm is most significantly linked with anastomotic stricture
formation. These results are detailed in Table 2.

Other clinical outcomes including 30- and 90-day mor-
tality rate were similar in both groups. Respiratory com-
plications (Clavien-Dindo grade >3) were higher in the no
anastomotic stricture group. Percentage weight loss at 1-year
post-operatively was also similar in both groups. These
results are summarized in Table 3.

Endoscopic balloon dilatation of anastomotic
strictures

A total of 36 patients (17.4%) developed an anastomotic
stricture requiring endoscopic balloon dilatation. Of those
patients, 12 (33.3%) required only one endoscopic balloon
dilatation and 24 patients (66.7%) required more than one.
The median number of dilatations required to fully treat
anastomotic strictures was 2 (IQR 1-3). The median length
of time from surgery to first dilatation was 2.9 months
(IQR 2.0-4.7) and to last dilatation was 6.1 months (IQR
4.8-10.0). Median maximum dilatation balloon diam-
eter of the first dilatation was 18.0mm (IQR 16.5-20.0).
Patients were offered a further endoscopic balloon dilata-
tion in 2 weeks if the maximum endoscopic balloon diam-
eter reached was < 12 mm, and a further dilatation within 4
weeks if the maximum endoscopic balloon diameter reached
was < 15 mm. Median maximum balloon diameter of the last
dilatation was 20.0 mm (IQR 18.0-20.0). Repeated endo-
scopic balloon dilatations were performed until resolution
of dysphagia. There were no complications including bleed-
ing, perforation and aspiration resulting from endoscopic
anastomotic balloon dilatation.

Discussion

There is a large variation in the incidence of anastomotic
strictures (18-42%) following Ivor Lewis esophagectomy
[3, 5, 12, 13]. We believe this variation is due to hetero-
genicity in the definition of an anastomotic stricture. In
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Table3 Clinical outcomes No anastomotic stricture Anastomotic stricture p value®
(n=171) (n=36)
30-day mortality 4(2.3%) 0(0.0%) 0.354
90-day mortality 8 (4.7%) 0 (0.0%) 0.186
Respiratory complications 19 (11.1%) 0 (0.0%) 0.036*
(CD2>3)
Weight loss at 1 year 11.1% (5.8-17.3,n=118) 8.7% (3.3-13.1, n=32) 0.090°

Values are median (IQR), otherwise n

Chi-Squared test except, "Mann—Whitney U-Test. *Denotes statistical significance at 0.05 level

our study anastomotic strictures were defined when they
caused significant symptoms and required dilatation. We
acknowledge that esophageal size varies in normal indi-
viduals. Furthermore, in some patients the tumors can be
obstructing and may cause upstream esophageal widening.
We do not believe in exposing all patients to radiation
from contrast swallow studies to assess for true anasto-
motic size. Our approach was to identify clinically relevant
patients with dysphagia and then subject them to further
invasive testing and offer treatment if anastomotic size
was narrow. With this approach our cohort had an over-
all stricture rate of 17.4%, and with effective endoscopic
treatment no patients had excess weight loss at 1 year fol-
lowing surgery.

There are multiple factors that may contribute to the
development of an anastomotic stricture. It is suggested that
ischemia and tension at the anastomosis may contribute to
the development of an anastomotic stricture [3]. Ischemia at
the anastomotic site in the gastric conduit has been shown
to be associated with an increased risk of anastomotic stric-
ture formation [14] and gastric ischemic pre-conditioning
has been shown to reduce anastomotic stricture formation
[15]. Ischemia and tension at the anastomosis have also been
linked to anastomotic leak which is a known risk factor for
anastomotic stricture formation [3, 12, 13, 16]. Additionally,
reflux of gastric contents is thought to lead to inflammation,
collagen and fibrin deposition and subsequent scarring at the
anastomotic site [17, 18]. Other factors such as patient age,
gender, co-morbidities and the use of neoadjuvant radio-
therapy have been suggested as being related to anastomotic
stricture formation but the mechanisms that underly this are
not well understood [12, 13, 19, 20].

Our study is a large single center study with patients oper-
ated on by only two surgeons which lends to uniformity in
technique and reduction in variability in conduit vascularity
and tension at the anastomosis. Our overall anastomotic leak
rate was 9.7% which is comparable to most other series [8].
All patients received post-operative long-term proton pump
inhibitors to reduce acid reflux. With this our anastomotic
stricture incidence remains at the lower end of the reported
literature.

Anastomotic leaks are often considered the index event
in the development of an anastomotic stricture. Our study
has shown that anastomotic stricture formation was higher
in patients who developed an anastomotic leak (25% versus
16.6%), however this was not statistically significant. Cer-
tainly other factors must play a role in the development of
anastomotic strictures.

In our cohort there was no relationship between age,
gender, ASA grade or pre-operative weight and the devel-
opment of an anastomotic stricture. Additionally there was
no relationship between tumor-related factors (TNM stage,
resection margin status, tumor subtype: squamous cell car-
cinoma or adenocarcinoma, or the use of neoadjuvant treat-
ment and the development of an anastomotic stricture. We
also assessed the role of pyloroplasty or its absence in the
development of anastomotic strictures. There are no studies
that assess the relationship of pyloric intervention to anas-
tomotic stricture formation. It is more important to con-
sider this as more esophagectomies are being performed as
minimally invasive procedures and pyloroplasty is often not
performed in such an approach. Proponents of pyloroplasty
advocate that the pyloric denervation that is a result of the
high thoracic truncal vagotomy leads to gastric dysmotility
and delayed gastric emptying. This in turn can lead to a
distended gastric conduit with tension on the anastomosis
and anastomotic leakage. Additionally delayed gastric emp-
tying could contribute to long-term reflux which can cause
strictures. In our cohort we did not find that the presence
or absence of a pyloroplasty had an impact on anastomotic
stricture rate. As an esophagectomy is a complex, multi-
step, multi-variable operation it is logical that the presence
or absence of pyloroplasty alone with its variable impact on
gastric emptying does not directly impact on the anastomotic
stricture rate.

The size of anastomosis and its impact on anastomotic
strictures is poorly understood. A meta-analysis by Honda
and colleagues in 2013 including 12 randomized controlled
trials demonstrated that there was no relationship between
circular stapled anastomosis size and anastomotic stricture
rate [9]. These results were corroborated by an elegant study
by Tagkalos et al. who showed no difference between 25
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and 28 mm circular stapled anastomoses [21]. In contrast, a
large study from England showed a very definitive relation-
ship of decreasing size of circular stapled anastomosis to
increasing stricture rate [22]. In our cohort the only risk fac-
tor that was predictive of the development of an anastomotic
stricture was stapler size. Thirty-three percent of patients
who had an anastomosis size of 25mm developed an anasto-
motic stricture. It is likely that a slight stricture at a smaller
anastomosis will have a greater impact on dysphagia-related
symptoms. Having demonstrated that the stapler size has
an impact on stricture formation, the surgeon should make
their utmost effort to fit in the largest stapler in the proximal
esophagus. We routinely dilate our esophageal stump with
a 28Fr Foley catheter balloon to facilitate this.

Historical literature and our current data has shown that
despite the progress made with reduction in complications
and improvement in survival following esophagectomy the
procedure remains plagued with a relatively high anasto-
motic stricture rate. It is likely that the etiology of strictures
is multifactorial and they will remain difficult to prevent.
Hence the focus should be on prompt and adequate treatment
of strictures following esophagectomy.

Our study is a large single center study with patients oper-
ated on by only two surgeons which lends to uniformity in
technique and with a standardized post-operative protocol
used. All patients were extensively followed up with a proac-
tive approach to identification and treatment of anastomotic
strictures at the earliest possible stage. However we acknowl-
edge several limitations of the study including the retrospec-
tive data analysis which may lead to selection bias due to
confounding factors which are unobserved. Additionally, as
the current study is based on a circular stapled anastomosis
technique performed during an open operation there may
be concern about the relevance of the results particularly
with regard to alternative anastomotic techniques and in the
context of minimally invasive or robotic surgery. However,
our results remain important as majority of oesophageal
resections are still performed with open technique in most
centers [23, 24].

In our unit we have a driven approach to identifying post-
operative dysphagia and offering contrast studies or endos-
copy at the earliest possible stage. In our study the median
time from surgery to first endoscopic dilatation was 2.9
months with the earliest dilatation occurring five weeks fol-
lowing surgery. Anastomotic strictures can occur very early
after surgery and can be safely dilated. With our proactive
approach for early identification and persevered treatment
of strictures we were able to resolve the strictures. Anasto-
motic strictures do impact on post-operative quality of life
but we have demonstrated that the anastomotic strictures
can be effectively treated with recurrent endoscopic balloon
dilatation and importantly did not lead to excess weight loss
at 1-year post-operatively.
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Conclusion

Post-esophagectomy anastomotic strictures are common
and not always related to anastomotic leaks or absence of
pyloroplasty. Smaller anastomosis size was strongly linked
with stricture formation. A driven approach with regular
endoscopic balloon dilation is safe and effective in treat-
ing these strictures with no excess weight loss at 1 year
once treated.
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