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ABSTRACT

Introduction: Esophagectomy has a crucial role in the treatment of esophageal cancer.
Several different surgical techniques have been performed in order to achieve better post-
surgical and oncological outcomes. In this systematic review and meta-analysis, we 
compare two procedures – Ivor Lewis and McKeown – regarding their impact on morbidity.
Methods: In March 2021, records from Pubmed, Scopus, Web of Science and ClinicalTrials.gov
were retrieved. Eligible studies included articles evaluating morbidity outcomes of Ivor Lewis
esophagectomy compared to McKeown esophagectomy in patients with resectable
esophageal cancer. Main outcomes were postoperative complications, such as anastomotic
leak, recurrent laryngeal nerve palsy, chyle leak, respiratory complications; hospital stay length;
reoperation and quality of life. A meta-analysis regarding minimally invasive (MI) esophagectomy
was performed, using random-effects model. 
Results: Sixteen studies with a total of 7339 patients were included in systematic review and
eight studies were considered in the meta-analysis, where 3015 patients were enrolled. All
the included studies were cohort studies, with a low to moderate risk of bias. The results of
the meta-analysis revealed that MIE Ivor-Lewis has a lower incidence of recurrent laryngeal
nerve palsy (OR=0.13, 95% CI=0.06-0.31, P= <0.00001), reoperation (OR= 0.60, 
95% CI=0.41-0.89, P=0.01), anastomotic leak (OR=0.47, 95% CI=0.28-0.78, 
P=0.003), and respiratory complications (OR = 0.53, 95% CI = 0.39-0.71, P = <0.0001)
when compared to MIE McKeown. There was no statistically significant difference between
the two surgical procedures in terms of chyle leak and hospital stay length. 
Conclusions: Concerning explored outcomes, MI Ivor Lewis is superior to MI McKeown,
except for chyle leak and hospital stay length where no difference was found. 
Key words: Ivor Lewis esophagectomy, McKeown esophagectomy, minimally invasive
esophagectomy, postoperative complications, quality of life

INTRODUCTIONINTRODUCTION

Esophageal cancer (EC) ranks as the eighth most common type of cancer and
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the sixth most common cause of death worldwide. Its
two major forms vary in world distribution – adeno-
carcinoma is predominant in western countries while
the squamous cell carcinoma is most common in
resource-limited countries (1).

In spite of the important role of neoadjuvant 
therapies, esophagectomy has a major part in the 
curative treatment of this disease (2). Minimally 
invasive surgery is progressively increasing in this field,
as it is consistently associated with better perioperative
outcomes and holds equal survival benefit compared
with open esophagectomy. For patients with esophageal
tumors above the level of the carina only McKeown is
feasible, whereas for patients with lower esophageal or
gastroesophageal junction tumors both McKeown 
and Ivor Lewis procedures are considered to be 
oncologically effective. However, there is still a lack of
data when it comes to what procedure performs 
superiorly, with more satisfactory outcomes (3-5). 

The present article intendes to perform a compre-
hensive systematic review and meta-analysis of studies
comparing Ivor Lewis and McKeown procedures in
patients undergoing esophagectomy, in terms of 
morbidity outcomes.

METHODSMETHODS

This systematic review and meta-analysis follow the
principles set in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: the PRISMA
Statement (6).

Pubmed, Scopus, ClinicalTrials.gov and Web of
Science were searched in March 2021 using the 
following query: (“oesophagus” OR “esophagus” OR
“esophageal”) AND (“cancer” OR “carcinoma”) AND
(“Ivor Lewis” OR “Ivor-Lewis”) AND “McKeown”.

Inclusion criteria were as follows: (I) studies 
published between 2015 and 2021; (II) randomized 
clinical trials, either prospective or retrospective cohort
studies and case-control studies; (III) studies comparing
patients with esophageal cancer (any esophageal 
location or Siewert types I or II gastroesophageal 
junction cancers) submitted to Ivor Lewis and
McKeown esophagectomy; (IV) morbidity outcomes,
defined as hospital stay length, short and long-term 
surgical complications, reoperation, and quality of life.
Exclusion criteria were as follows: (I) reviews, case-

reports, letters to editor, surveys and animal studies; (II)
language other than English / Portuguese / Spanish; (III)
Studies without full-text available; (IV) studies with less
than 10 patients. 

All searching records were divided between two
groups of two reviewers – group one (FS and IC), and
group two (NP and SS) – who first independently
screened titles and abstracts for inclusion. Subsequently,
the considered studies were downloaded in full-text 
format and were assessed by the same group of 
reviewers. Disagreements were resolved either by 
consensus or consultation with a third reviewer from
the other group. This process is described in a flowchart
according to the PRISMA statement (6).

Using a data extraction table, the required informa-
tion was looked up in the text, tables, and figures by 
the two groups of reviewers (FS and IC; NP and SS) 
independently. The data included: (I) paper informa-
tion: first author’s name, year of publication, country,
study’s duration and study design; (II) characteristics of
the samples: numbers of included patients, carcinoma
location and histology; (III) type of surgical technique
compared (open, hybrid or minimally invasive surgery);
(IV) morbidity outcome parameters.

Newcastle-Ottawa quality assessment scale (NOS)
(7) was used to assess the quality of all included cohort
studies. The same two groups of reviewers scored 
independently each of the studies. The scale comprises
8 items divided into three parts: selection (representa-
tive, selection, ascertainment of exposure and 
demonstration, with maximum score of 4 points),
comparability (maximum score of 2 points), and 
outcome (outcome, follow-up and adequacy of follow-
up, with a maximum score of 3 points). The adequacy
of follow-up was considered when >80% of follow-up
was achieved.(8) Therefore, a maximum score of 9
points, reflects the highest quality.

Meta-analysis was performed using Review
Manager 5.4 software. Six outcomes were pooled 
for meta-analysis and represented in forest plots,
including: hospital length stay, anastomotic leak, 
recurrent laryngeal nerve palsy, respiratory complica-
tions, chyle leak and reoperation. Heterogeneity was
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Figure 1 – PRISMA based flowchart
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assessed using the Cochran Q and the I2 statistic. A 
p < 0.05 or an I2 value >50% were considered 
substantial heterogeneity; therefore, subgroup 
analysis and sensitivity analysis (leave-one-out
approach) would be performed, if necessary.
Regardless of the heterogeneity, random-effects
model was always employed, thereby obtaining more
conservative results. Regarding effect measures, for
dichotomic parameters, odds ratios (OR) with 95%
confidence intervals (CI) were calculated and for 
continuous parameters, mean difference with 95% CI
were used. p < 0.05 was considered statistically 
significant. Publication bias was evaluated visually
through funnel plots.

RESULTSRESULTS

The systematic literature screening and selection
process is demonstrated in detail in fig. 1. 

We retrieved 391 publications from the databases
after duplicates removal, which were then screened
regarding title and abstract. 351 were excluded because
of inadequacy to our searching goal, and 40 were full
text assessed for eligibility. 16 of these matched the
inclusion criteria. For the meta-analysis, 7 studies and 1
study’s sub-analysis were included, as only these 
conveyed concrete data for Minimally Invasive (MI)
esophagectomy. This sub-analysis is  part of  an article
by Sabra(9) who found no differences between open
and minimally invasive surgery. Nevertheless, this same
author managed to perform a sub-analysis of the initial
population regarding only patients submitted to MIE,
with this data being included in this meta-analysis.

All studies’ extracted data and further related 
information can be found in table 1. The studies had a
number of patients varying from 42 to 3268. In 8 
studies (n = 3015), MI Ivor Lewis was compared to MI
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Selection Comparability Outcome

Question no. 1 2 3 4 1 1 2 3 Total

Barbour, 2017 * * * * ** * * * 9

Brown, 2017 * * * * - * * * 7

Chang, 2018 * * * * - * * * 7

Chen, 2017 * * * * - * * * 7

Ericson, 2018 * * * * ** * * NR 8

Hou, 2017 * * * * ** * * * 9

Jezerskyte, 2020 * * * * ** * * * 9

Kohli, 2020 * * * * - * * * 7

Sabra, 2020 * * * * ** * * * 9

Schizas, 2021 * * * * - * * * 7

van Workum, 2018 * * * * ** * * * 9

Wen, 2017 * * * * ** * * - 8

Wormald, 2016 * * * * - * * * 7

Yang, 2019 * * * * - * * - 6

Zhai, 2015 * * * * - * * * 7

Zhang, 2020 * * * * - * * * 7

Supplementary table 2 – Newcastle-Ottawa rating scale for quality and risk of bias assessment
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McKeown, thus having been included in the meta-
analysis. In the 9 remaining studies, different techniques
were explored: in 3 studies (n = 306) the these 
techniques were analyzed as open surgery procedures; 4
studies (n = 3829) included the comparison of open 
surgery with minimal invasive techniques regarding both
Ivor Lewis and McKeown procedures; 2 studies (n =
573) provided results of hybrid McKeown opposed to
open Ivor Lewis (n = 487) and, in a more broaden 
spectrum, of the three techniques – open, minimally
invasive and hybrid – concerning Ivor Lewis and
McKeown (n = 86).

A detailed description of the more important sought
outcomes is showed in table 2 and all the others are 
in Supplementary table 1. Owing to the fact that 
several studies reported a vast range of cardiac compli-
cations, we considered utterly pertinent to describe
them - even though they were not appropriate for
meta-analysis due to the rather heterogenous 
measured parameters, its clinical relevance should not
be ignored. Regarding nonspecific cardiovascular com-
plications (acute kidney injury and conduit necrosis/
leak) no differences between Ivor Lewis and McKeown
were found in any of the included studies.

Concerning global quality of life, no differences
between Ivor-Lewis and McKeown were found in any
individual study. Only Barbour et al (10) found that the
mean symptoms score for pain is higher in patients 

who underwent open transthoracic Ivor Lewis
esophagectomy after 2 years follow-up. Finally, no 
differences between Ivor-Lewis and McKeown were
found in any individual study for anorexia.

Taking into consideration that no randomized 
trials were found, the Newcastle-Ottawa rating scale
was applied to each study individually for risk of bias
assessment (Supplementary table 2). 15 in 16 studies
scored 7 or more points, corresponding to a low risk of
bias. One scored 6 points, corresponding to a moderate
risk of bias. This was a retrospective cohort study, with
86 patients. Comparability was the parameter less
scored, found within 7 studies. 

In the article by Ericson et al (11), one of the 
parameters - follow-up - could not be evaluated, due to
lack of information attributable to the loss of 
participants during the follow-up period of the study.
Since this study had a retrospective cohort, there could
have been some selection bias, with only the patients
whose follow-up was complete being included.

The results of meta-analysis are displayed in fig. 2.
Anastomotic leak was reported in eight studies 
including 3015 patients, recurrent laryngeal nerve palsy
in six studies including 1091 patients, chyle leak in six
studies including 2446 subjects, respiratory complica-
tions in six studies including 1091 patients, hospital stay
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Figure 2 – Meta-analysis forest plots. (a) – Hospital Stay Length; (b) - Recurrent laryngeal nerve palsy; 
(c) – Chyle Leak; (d) – Reoperation; (e) – Anastomotic Leak; (f) – Respiratory complications.
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Figure 3 – Meta-analysis funnel plots. (a) – Hospital Stay Length; (b) RLN palsy (c) - Chyle Leak; 
(d) – Reoperation; (e) – Anastomotic Leak; (f) – Respiratory complications.
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length in studies including 760 patients and reoperation
in 5 studies including 1180 subjects. respiratory compli-
cations in six studies including 1091 patients, hospital
stay length in studies including 760 patients and, finally,
reoperation in 5 studies including 1180 subjects.
Comparing to MI McKeown, MI Ivor-Lewis has a statis-
tically significant lower incidence of recurrent laryngeal
nerve palsy (OR = 0.13, 95% CI = 0.06-0.31, P =
<0.00001), reoperation (OR = 0.60, 95% CI = 0.41-0.89,

P = 0.01), anastomotic leak (OR = 0.47, 95% CI = 0.28-
0.78, P = 0.003), and respiratory complications (OR =
0.53, 95% CI = 0.39-0.71, P = <0.0001). There was no
statistically significant difference between the two 
surgical procedures in terms of chyle leak (OR = 0.74,
95% CI = 0.43-1.29, P = 0.29) and hospital stay length
(mean difference = -1.23; 95% CI = -2.55-0.10, P = 0.07).
No substantial heterogeneity was detected.

In order to assess publication bias, funnel plots were

Vítor Neves Lopes et al
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constructed and are presented in fig. 3. The studies’ 
distribution was fairly symmetrical for anastomotic
leak, chyle leak and respiratory complications.

DISCUSSIONDISCUSSION

It has already been established that a minimally
invasive approach can result in better postoperative
outcomes (12) when compared to open procedures
with similar oncological results (13). Hence our option
to only consider patients in whom minimally invasive
esophagectomy was performed.

When analyzing hospital stay length, the mean 
difference was not statistically significant. While this is a
commonly considered aspect when exploring the
results of a surgical technique, one must consider that
it can also result from established protocols instead of it
meaning morbidity. These results are different from
those presented by other authors (14), who favor the
Ivor-Lewis technique, as it may result in less recurrent
laryngeal nerve injury and less blood loss. 

Similarly to other meta-analysis (3,14), our data
shows a lower incidence of recurrent laryngeal nerve
injury in the Ivor-Lewis procedure. This is mainly related
to the fact that the McKeown technique implies a 
cervical dissection and anastomosis, which can result in
an iatrogenic injury.

Regarding chyle leak, no statistically significant 
differences were found. The fact that the thoracic duct
is close to the esophagus makes this event possible.
Possible risk factors for chyle leak have been reported
by other authors, including preoperative chemoradio-
therapy and high intraoperative fluid balance (15,16).

The need for reoperation was reported in five of the
studies. Our findings favor, with a statistically significant
result, the Ivor Lewis intervention. The higher reopera-
tion rate in the McKeown procedure may be a result of
the sum of all the post-operative complications. While
it is true that thoracic anastomotic leaks are more
prone to surgical re-exploration (17) while a leak on a
cervical anastomosis can be treated by using wet-to-dry
dressing changes, (18) the lower percentage of leaks
found in the Ivor Lewis procedure may justify these
numbers.

We found that there was a lower incidence of 
anastomotic leak with Ivor Lewis MIE. Similar results
have been suggested, (5) albeit with no statistically 
significant differences were found, possibly related a
smaller number of participants included (1681 vs 3015).
Possible explanations for this are a better healing of
intrathoracic anastomosis due to better vascularization
and the lower level of the gastric tube with consequen-

tial reduce tension at the anastomosis (3). As much as
the anastomotic technique (handsewn or stappled)
may also influence the data, (19) not every report
described the surgical procedures and such was not
considered. This fact may also be responsible for the
high percentage of heterogeneity observed.

Lastly, our meta-analysis contemplated respiratory
complications among patients submitted to esophagec-
tomy. Some authors (20) observed a lower incidence of
negative respiratory outcomes in minimaly invasive
techniques, but studies lack comparing both Ivor Lewis
and McKeown surgeries. Our data states Ivor Lewis 
surgery is associated with a lower rate of respiratory
complications, which might be explained by the higher
risk of RLN lesion in McKeown’s surgery (21), increasing
the risk of aspiration.

Not only efficacy and safety are crucial in surgical
oncology, but also quality of life. Even more since,
esophagectomy is an aggressive surgery and patients
with esophageal cancer are diagnosed in advanced
stages, having thereby an unfavorable prognosis. Our
findings suggested that global quality of life is similar
between the two procedures. No meta-analysis was
conducted, since the four included studies had different
surgical approaches (10,22-24) Therefore, any results
favoring either Ivor-Lewis or McKeown could be biased
and be explained by the aggressiveness of open surgery
and not the type of the esophagectomy made. 

Publication bias assessment was not possible for all
outcomes, since the number of studies included was
not sufficient to build a funnel plot from which 
conclusions could be taken. Nevertheless, we can
assume that for anastomotic leak, chyle leak and respi-
ratory complications there was not any publication bias.

It is relevant to remark that most studies included in
this systematic review were retrospective studies,
which may induce some selection bias.

Additionally, there was a general lack of concept’s
definitions, namely (a) the esophagus anatomic zones’
division (not uniform between studies), (b) the evaluated
parameters (for instance, the concept of ‘Respiratory
Complications’ or ‘Cardiovascular Complications’ might
not be as homogeneous as desirable), and (c) the
description of the surgical procedures themselves. In
some articles, the authors mention both McKeown and
Ivor Lewis techniques, without proper detail (21,25).

Of the 16 included reports, only about four used a
score allowing severity complications comprehension
(26). With its use being evermore frequent, more 
precise results may be determined in the future when
comparing Ivor-Lewis and McKeown procedures.

Comparing Esophagectomy Morbidity Profile Between Ivor Lewis and McKeown for Esophageal Cancer: A Systematic Review and Meta-Analysis
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CONCLUSIONCONCLUSION

Concerning explored outcomes, MI Ivor Lewis is
superior to MI McKeown, except for chyle leak and 
hospital stay length where no difference was found.
This should be interpreted with caution since only
cohort studies could be included. Nevertheless, when
considering partial esophagectomy in patients were
both techniques are feasible, Ivor-Lewis appears to
present better results in terms of less recurrent 
laryngeal nerve injury, need for reoperation, anasto-
motic leaks and respiratory complications.

All author declare that they have no conflict of
interest.
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