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Background: Continuity after esophagectomy is restored by creating an intrathoracic or cervical
anastomosis. Although the single most important factor for determining the suitability for intrathoracic
anastomosis is the location of the tumor, current literature only grossly distinguishes proximal, mid or distal
esophageal tumors. This study offers precise anatomic considerations for the assessment of suitability for an
intrathoracic anastomosis.

Methods: In this anatomical cohort study, all consecutive patients after esophagectomy for cancer who
underwent a postoperative endoscopy between 2010 and 2018 were analyzed. The clinical postoperative
anatomy was assessed and the level of the anastomosis was measured in distance from the incisors. Computed
tomography imaging was used to confirm postoperative localization. These data were compared to
preoperative localization of the tumor and proximal resection margins.

Results: A total of 208 patients who underwent esophageal cancer surgery were included, comprising
61 (29.3%) intrathoracic and 147 (70.7%) cervical reconstructions. The mean distance was 28.2+2.3 and
19.6£1.7 cm from the incisors for an intrathoracic and cervical anastomosis respectively (P<0.001). The
proximal margin was 4.5+1.9 for intrathoracic anastomosis and 8.9+3.4 for cervical anastomosis (P=0.405).
Conclusions: The difference in distance from the incisors between an intrathoracic anastomosis and
a cervical anastomosis was assessed by endoscopic evaluation after esophagectomy is approximately
9 centimeters. Preoperatively, these findings enable assessing suitability for an intrathoracic anastomosis when

endoscopic localization of the tumor and Barret’s segment is known as well as planned radiotherapy fields.
Keywords: Esophageal surgery; anastomosis; endoscopy
Received: 03 May 2021; Accepted: 24 August 2021; Published online: 07 September 2021.

doi: 10.21037/a0e-21-41
View this article at: https://dx.doi.org/10.21037/a0e-21-41

A ORCID: 0000-0003-4605-4058.

© Annals of Esophagus. All rights reserved. Ann Esophagus 2023;6:31 | https://dx.doi.org/10.21037/ace-21-41


https://crossmark.crossref.org/dialog/?doi=10.21037/aoe-21-41

Page 2 of 7

Introduction

Esophageal cancer surgery includes radical resection of
the esophagus and regional lymphadenectomy, preferably
using minimally invasive techniques. After both the three-
stage McKeown esophagectomy (1), the most frequently
performed esophagectomy around the world, as the two-
stage transhiatal esophagectomy introduced by Orringer (2),
continuity is restored via a cervical esophagogastric
anastomosis. Alternatively, after the two-stage esophagectomy
described by Ivor Lewis, an intrathoracic anastomosis
is created (3). In recent years, this approach is gaining
popularity among surgeons due to both the continuous rise
of adenocarcinoma of the lower esophagus (4-6), and the
increasing evidence that an intrathoracic anastomosis is
associated with better functional outcome and less surgery-
related complications (7,8).

As the 8the edition of the American Joint Committee on
Cancer staging (AJCC) clearly reports assessment of tumor
location during endoscopy is crucial (9), as perioperative
systemic treatment, radiation fields and type of resection
largely depend on it. Nevertheless, current literature only
grossly distinguishes proximal, mid or distal esophageal
tumors. The distance from the incisors to the upper
border of the tumor or Barrett’s segment also play an
important role when selecting an intrathoracic or cervical
reconstruction (10). Current data reporting the level of
the intrathoracic anastomosis are incomplete as anatomical
landmarks of the anastomosis lack (11,12) or levels are
simply described as cervical or “high”/“low” intrathoracic
anastomosis (13,14). As a positive esophageal proximal
resection margin is strongly related to poor oncological
outcome, knowledge of the postoperative anatomy is a
prerequisite for preoperative treatment planning to select
the location of the anastomosis (15). Therefore, this
study aimed to compare the level of the esophagogastric
anastomosis following an intrathoracic or cervical
reconstruction and provide its relation to preoperative
location of the tumor and estimated proximal resection
margin. We present the following article in accordance with
the STROBE reporting checklist (available at https://ace.
amegroups.com/article/view/10.21037/aoe-21-41/rc).

Methods

This study describes a retrospective anatomical cohort in
which all consecutive patients undergoing elective curative
esophageal surgery for esophageal cancer between 2010
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and 2018 followed by endoscopic evaluation were included.
Surgery was performed in the Amsterdam UMC, location
VUmc and involved a minimally invasive or open approach
according to McKeown, Orringer or Ivor Lewis (1-3).
Patient characteristics, surgery, pathology and endoscopy
reports were extracted from electronic health records. If
available, postoperative computed tomography (CT) images
were evaluated.

Anatomical location of the anastomosis

In this study, the intrathoracic anastomosis during a two-
stage Ivor Lewis esophagectomy was consistently created
at the level of the tracheal carina, at the crossing of the
azygos vein. The anastomosis was constructed in a side-
to-side fashion using a linear stapled technique with hand-
sewn closure of the stapling defect or fully stapled circular
technique in an end-to-side or end-to-end fashion. A
cervical anastomosis was created following a three-stage
McKeown and Orringer esophagectomy. The esophagus
was transected at the level of the sternal notch thus
preserving as much cervical esophagus as possible. The
anastomosis was created using an end-to-side or end-to-end
hand-sewn technique.

Clinical level of the anastomosis

The primary aim of this study was to use postoperative
endoscopic measurements to depict the upper level of the
esophagogastric anastomosis, stratified for a cervical and
intrathoracic reconstruction. Endoscopies were requested
to dilate esophagogastric strictures, assess anastomotic
integrity or insert gastro/jejunal feeding tubes. Endoscopes
from Fujifilm or Olympus were used. The mean level of the
anastomosis was determined when multiple endoscopies
were performed to compensate for inter- and intra-observer
variability. As a quality control measure, postoperative CT
scans of patients with an intrathoracic anastomosis were
assessed to verify that the anastomosis was located at the
tracheal carina. Patients with an anastomosis >2 cm above or
below the tracheal carina were identified and the endoscopic
outcomes were adjusted based on CT measurements.

Preoperative tumor level and resection mavgins

In all patients, staging endoscopies were used to determine
the preoperative tumor level. Proximal resection margins
were measured during pathological evaluation. For an
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Table 1 Summary of patient characteristics

Characteristics Intrathoracic (n=61) Cervical (n=147)

Male gender 52 (85.2) 106 (72.1)
Age, years 62.5+8.0 66.2+9.6
Length, cm 178.3+8.2 175.4+9.7
ASA score

I 8 (13.1) 11 (7.5)

Il 42 (68.9) 87 (59.2)

I} 10 (16.4) 43 (29.3)

v 1(1.6) 6 (4.1)
Neo-adjuvant treatment

None 1(1.6) 9 (6.1)

Chemotherapy 5(8.2) 4(2.7)

Chemoradiotherapy 55 (90.1) 134 (91.2)
Type of carcinoma

Adenocarcinoma 53 (86.9) 97 (66.0)

Squamous cell 5(8.2) 44 (29.9)

Other 3(4.9 6 (4.1)
Approach

Open 7 (11.5) 13(8.8)

Minimally invasive 54 (88.5) 134 (91.2)
Type of procedure

Ivor Lewis 61 (100.0) 0(0)

McKeown 0(0) 91 (61.9)

Transhiatal 0(0) 56 (38.1)
Configuration

ETS 17 (27.9) 52 (35.4)

ETE 2 (3.3 94 (63.9)

STS 42 (68.9) 1(0.7)
Technique

Hand-sewn 0 (0) 146 (99.3)

Linear stapled 42 (68.9) 1(0.7)

Circular stapled 19 (31.2) 0(0)
Radical surgery 57 (93.4) 132 (89.8)

Data are n (%) or mean + standard deviation. ASA, American
Society of Anaesthesiologists; ETS, end to side; ETE, end to
end; STS, side to side.

© Annals of Esophagus. All rights reserved.

Page 3 of 7

estimation of the location of the anastomosis as a function of
the length of the patient, linear regression analysis was used.

Statistical analysis and etbical considerations

IBM SPSS statistics (version 23) was used for standard
statistical analysis. Continuous variables are expressed as
mean =+ standard deviation or median and interquartile
range (IQR) and frequency percentages are calculated for
dichotomous variables. Differences were tested using an
unpaired 7-tests or Mann-Whitney U test. For an estimation
of the location of the anastomosis as a function of the
length of the patient, linear regression analysis was used.
A two-sided P value of <0.05 was considered statistically
significant. This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013) (16).
The Medical Ethics Committee of the Amsterdam UMC
approved the study protocol (No. 2018.595). All living
subjects have been provided the opportunity to opt-out and
received a written no objection letter.

Results
Patient characteristics

Between January 2010 and October 2018, 329 patients
underwent a curative esophagectomy according to Ivor
Lewis, McKeown or Orringer. One or more postoperative
endoscopies were performed in 208 patients (63 %), to assess
or dilate anastomotic strictures (54%), assess anastomotic
integrity (32%), place nasogastric/jejunal feeding tube (11%)
or for other reasons (3%). This cohort consisted of 158 males
and 50 females with a mean age of 65.19.3 years, additional
characteristics are summarized in Tazble 1. An Ivor Lewis
esophagectomy was performed in 61 patients, resulting
in a side-to-side linear stapled (n=42, 69%) or end-to-
end/side fully circular stapled (n=19, 31%) intrathoracic
anastomosis. In 147 patients an esophagectomy with a
cervical anastomosis was performed according to McKeown
(n=91, 62%) or Orringer (n=56, 38%). Patient distribution is
displayed in a flowchart (Figure I).

Intrathoracic anastomosis

The intrathoracic anastomosis was assessed using endoscopy
in 61 patients. Postoperative CT assessment revealed a
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Consecutive
esophagectomy patients
(n=329)

No postoperative
endoscopy (n=121)

Y

Included patients

(n=208)
Intrathoracic anastomosis Cervical anastomosis
(n=61) (n=147)
Ivor Lewis McKeown Transhiatal
(n=61) (n=91) (n=56)

Figure 1 Flow-chart of inclusion of patients.

supracarinal anastomosis (median 3 cm above the carina) in
three patients and an infracarinal anastomosis (6.5 cm below
the carina) in one patient, the corresponding endoscopic
measurements were adjusted accordingly. Endoscopic
measurements revealed a mean level of the anastomosis of
28.2+2.3 cm from the incisors. Subgroup analysis revealed
a median of 28.6 cm (IQR, 27.0-30.0 c¢m) after a linear
stapled anastomosis and 28.0 cm (IQR, 24.9-28.8 cm) after
a fully circular stapled anastomosis (P=0.041). Preoperative
staging endoscopies reported a mean preoperative tumor
level of 37.7£3.5 c¢m from the incisors. Pathology reports
documented a mean proximal resection margin of 4.5+1.9 cm.
Further pathological and endoscopic measurements are
depicted in Table 2 and visualized in Figure 2.

Cervical anastomosis

One hundred and forty-seven patients were subjected to
postoperative endoscopic evaluation following a cervical
reconstruction. The anastomosis was located at a mean
distance of 19.6x1.7 cm from the incisors. Preoperative
staging endoscopies revealed a mean tumor level of
33.1+4.3 cm from the incisors. A proximal resection margin
of 8.9+3.4 cm was achieved. Stratification for type of
procedure revealed a significantly lower tumor level prior
to an Orringer esophagectomy (35.5£4.1 cm) compared
to a McKeown esophagectomy (31.9+4.0 cm, P<0.001).
No significant differences were observed in the level of
the anastomosis and proximal resection margins between
Orringer and McKeown procedures.
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Body length

For patients with a cervical reconstruction a significant
correlation was observed between the level of the
anastomosis and body length (P<0.001). Linear regression
analysis revealed that the level of the cervical anastomosis
could be estimated from a patient’s length by the following
equation: 4.516 cm +0.086x height (cm). No significant
regression was found for patients with an intrathoracic
anastomosis.

Discussion

This study reports the postoperative anatomical location of
the esophagogastric anastomosis and can be used in clinical
practice when compared to preoperative staging endoscopy.
This location, determined using postoperative endoscopic
assessment, of the intrathoracic and cervical anastomosis
guides the treating physicians in planning of radiation field
and counseling patients for the level of anastomosis.

As many studies suffice by stating whether a tumor
is located in the proximal, mid or distal esophagus,
current evidence on the exact location is limited, Walther
et al. conducted a randomized controlled trial comparing
an intrathoracic anastomosis to a cervical anastomosis,
involving 83 patients (11). The level of the anastomosis
was determined as a secondary endpoint. The cervical
anastomosis was localized at a median of 20 c¢m (range,
15-25 cm), which is in line with the results presented in
this paper. Authors describe a median level of 25 cm (range,
21-28 cm) after an intrathoracic reconstruction, in contrast
to a median level of 28.1 cm in this study. Unfortunately,
the authors failed to specify the anatomical location of the
intrathoracic anastomosis, making it difficult to apply the
results to individual practice.

In this study, the intrathoracic anastomosis was
consistently created at the level of the tracheal carina and
most commonly by a linear stapled side-to-side technique
or, alternatively, by a fully circular stapled end-to-end/side
approach. The endoscopic distance was measured from the
incisors to the upper level of the anastomosis. Due to the
side-to-side formation, during which the ventral side of the
esophageal remnant is stapled to the posterior wall of the
gastric conduit, the most proximal level of the anastomosis
is eventually located above the level of transection. As for
the circular stapled technique, the anvil is secured using
a purse-sting suture, which results in an anastomosis
practically at the level of transection. Contrarily, in this
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Table 2 Summary of pathological and endoscopic measurements
Outcomes Intrathoracic (n=61) Cervical (n=147)
Endoscopic level of anastomosis (cm from the incisors) 28.2+2.3 19.6+1.7
Endoscopic preoperative tumor level (cm from the incisors) 37.7+£3.5 33.1+4.3

Data are mean + standard deviation.
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Figure 2 Outcomes stratified for an intrathoracic and cervical anastomosis and visualized using boxplots. The image shows the level of the

anastomosis measured from the incisors (A), preoperative tumor level measured from the incisors (B) and proximal resections margin (C).

study, the linear stapled approach resulted in a slightly lower
anastomosis compared to a fully circular stapled approach
(median 28.6 and 28.0 cm, respectively). This difference
however is clinically irrelevant. For tumors located at or
above the tracheal carina, assessed using endoscopy or
radiological imaging, a cervical anastomosis is therefore
required to achieve safe proximal resection margins.
Preoperative treatment planning is started by assessing
the distance from the incisors to the upper border of
the tumor during a staging endoscopy. This distance is
correlated with CT and proton emission tomography
(PET) imaging, providing a more exact anatomical location.
These measurements form the single most important factor
when selecting the type of reconstruction. The additional
benefit of endoscopic evaluation compared to PET/CT
imaging is the visualization of mucosal changes, dysplasia
or a Barrett’s segment. Therefore, the exact transition from
healthy esophagus to the Barrett’s segment contributes to
determining the minimally required level of transection.
The surgical plan is finalized when radiological re-staging is
performed after neoadjuvant chemoradiotherapy.
Trimodality therapy, consisting of neoadjuvant
chemoradiotherapy and surgery, is considered the gold
standard for the management of esophageal cancer. As
irradiation damages microvasculature, anastomotic healing
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might by impaired when the anastomosis is located within
the radiated area. This has been confirmed by some data
showing significant higher rates of anastomotic leakage (17).
In these patients, knowledge of the endoscopic level of
the anastomosis can be useful when deciding whether an
intrathoracic anastomosis, preferably outside the radiated
area, is technically feasible (18).

Both anastomotic locations have potential benefits and
shortcomings. In terms of an intrathoracic anastomosis, the
potential benefits are reduced tension at the anastomotic
site, increased vascularization of the gastric conduit tip,
lower incidence of recurrent laryngeal nerve injury and
a lower rate of anastomotic leakage (7,8,19). A cervical
anastomosis has lower morbidity associated with a cervical
anastomotic leak and a significantly greater proximal
resection margin, however, more esophageal strictures
are reported. Other postoperative upper gastrointestinal
symptoms related to esophagectomy are reflux, nausea,
dysphagia, vomiting, dyspepsia, dumping and delayed
gastric emptying. Research concluded that 45% of
patients had at least one of these symptoms 12 months
after surgery (20). The impact of anastomotic location on
these postoperative symptoms has not been thoroughly
investigated. Present results suggest that, on average, an
intrathoracic reconstruction yields a 9-cm longer esophageal
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remnant. Further research should determine whether an
extended esophageal remnant improves functional outcomes
after esophagectomy.

This anatomical study was subjected to limitations.
First, endoscopic evaluation of the anastomosis was not
routinely performed, resulting in a variable postoperative
timing of the endoscopy. Second, although attempts
were made to compensate for inter- and intra-observer
variability, this limitation might have influenced the results.
Third, endoscopies were performed for several indications
(primarily the assessment of strictures or anastomotic

integrity).

Conclusions

In conclusion, this study presents the exact location of the
esophagogastric anastomosis using endoscopic evaluation.
These insights are valuable during the preoperative workup
and should be used next to imaging results to determine
radiation fields and to assess whether an intrathoracic
anastomosis will not compromise proximal resection margins.
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