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Abstract

Objective To compare the postoperative pulmonary complications (PPC) after minimally invasive or open transtho-
racic esophagectomy for esophageal cancer in an international, multicenter cohort.

Summary of background data Ongoing debate exists around the optimal surgical approach for esophageal cancer,
with limited data assessing the external validity of randomised trials on outcomes of MIE

Methods Patients undergoing open (OF, n=744), hybrid (HE, n=>500), and totally minimally invasive esophagectomy
(TMIE, n=540) for esophageal cancer were identified from the international, prospective Oesophagogastric Anasto-
mosis Audit (OGAA). Multivariable models were used to investigate PPC (primary outcome) as well as overall compli-
cations, major complications, anastomotic leak and 90-day mortality (secondary outcomes).

Results PPC rates were lower after TMIE compared to OE and HE (28% vs 37% vs 39%, p=0.002), even on adjusted
analyses compared to OE (odds ratio (OR): 0.60, Clgse,: 0.45—0.78). TMIE was also associated with significantly lower
overall complications (OR: 0.68, Clgse,: 0.52—0.88) compared to OE, but not for major complications (OR: 0.90, Clgs,:
0.67—1.21), anastomotic leak (OR: 1.39, Clgse,: 0.96—2.01) and 90-day mortality (OR: 0.49, Clgse,: 0.22—1.04). Sensitiv-
ity analyses by underlying respiratory disease, neoadjuvant chemoradiotherapy or high-volume centers confirmed
above findings.

Conclusion This study provides real-world data that TMIE was associated with lower 90-day PPC than OE and HE
approaches, especially in patients with underlying respiratory disease or receiving neoadjuvant chemoradiotherapy.
These warrant a further review into causes and mechanisms in selected patients, and that quality assurance in deliv-
ery of TMIE is probably of major importance. The ideal surgical approach remains unclear, and ongoing trials will
provide more evidence within a few years that may clarify the optimum approach to locally advanced esophageal
cancers.

Keywords Minimally invasive, Esophagectomy, Outcomes, Pulmonary complications

Introduction

“Correspondence: Multimodality treatment with neoadjuvant therapy
S. K. Kamarajah h . h ti treat t
sk kamarajah@bham ac uk and esophagectomy remains the curative treatmen
Oesophago-Gastric Anastomotic Audit (OGAA) Collaborative' of patients with resectable esophageal cancer [1, 2].
Department of Applied Health Sciences, School of Applied Health Although there has been substantive improvement
Sciences, College of Medicine and Health, University of Birmingham, . . . .

Birmingham B15 2TH, UK in postoperative mortality after esophagectomies,

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-025-02941-6&domain=pdf

Oesophago-Gastric Anastomotic Audit (OGAA) Collaborative BMC Surgery

morbidity rates remain as high as 70% [3] and patients
are associated with reduced quality of life [4, 5]. Further-
more, the detrimental impact of perioperative complica-
tions on long-term survival is also well understood [6-8].
To improve perioperative morbidity, there has been a
dramatic increase in the adoption of minimally invasive
esophagectomy (MIE), through implementation of these
programs in centers [9].

There are several approaches used for esophagecto-
mies such as Ivor-Lewis, McKeown, and Transhiatal.
Therefore, this warrants dedicated evaluation on the
role of MIE techniques. However, the benefits of MIE
in patients undergoing transthoracic esophagectomy
remains unclear. Firstly, evidence have until recently been
limited to two randomised clinical trials [10, 11]. Both
these trials only compared either totally MIE (TMIE)
or hybrid MIE with open esophagectomy demonstrat-
ing significantly lower rates of postoperative pulmonary
complications (PPC) compared to open esophagectomy.
However, adoption of these MIE techniques into routine
clinical practice were associated with higher overall and
pulmonary complications and reoperation rate [12, 13].
Secondly, present studies are limited to cohort studies
either from selected high-volume centers, single center
or national series. Therefore, global data, including low-
and middle-income countries comparing MIE and open
surgery are needed to assess its impact on both postop-
erative complications.

The primary aim of the present study was to compare
the incidence of PPC between OE, HE and TMIE using
data from the Oesophago-Gastric Anastomosis Audit
(OGAA). The secondary aims were to assess the rates of
postoperative morbidity (i.e., overall, and major compli-
cations, anastomotic leaks, and 90-day mortality).

Methods

Study design and setting

This study is a secondary pre-planned analysis of the
OGAA cohort study. The OGAA cohort study was an
international multicenter prospective study including 137
centers across 41 countries [14-16]. All hospitals per-
forming esophagectomies for esophageal cancers were
eligible to be included in this cohort study. Patient-level
data were collected over a nine-month period from 1st
April 2018 to 31 st December 2018 with follow-up of
all patients up to 90-days after surgery. This study was
delivered using a collaborative model, which has been
described previously. This methodology and process has
been successful in delivering several international and
national cohort studies [15—17]. Briefly, a consultant or
attending surgeon supervised data collection at each
hospital, together with a team of clinicians, ensuring
that it was performed in accordance with a pre-specified
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protocol. The study was conducted according to STROBE
guidelines for observational studies [18].

Ethics and reporting

Ethical approval was dependent on local protocols, and
was country-specific, as previously described [15, 16].
Ongoing study approval was maintained locally through-
out the duration of the study.

Inclusion and exclusion criteria

During the pre-defined data collection period, all con-
secutive adult patients undergoing elective (planned)
curative esophagectomy for esophageal cancers (i.e. ade-
nocarcinoma and SCC) were included. For the present
analysis, patients undergoing two-stage transthoracic
esophagectomy using any combination of open, robotic
or standard minimal access approaches were included.
Exclusion criteria were: (i) extended total gastrectomy,
transhiatal esophagectomy, three-stage (i.e. McKeown)
esophagectomy or left thoracoabdominal; (ii) pharyn-
golaryngo-oesophagectomy; (iii) colonic interposition
or small bowel jejunal interposition reconstruction; (iv)
emergency resection; and (v) resection for benign dis-
ease, as previously described [19, 20].

Outcome measures

The primary outcome measure was postoperative pul-
monary complications, according to the Esophagectomy
Complications Consensus Group [21, 22]. Postoperative
pulmonary complications were defined as pneumonia,
pleural effusion requiring additional drainage proce-
dure, pneumothorax requiring treatment, atelectasis
mucous plugging requiring bronchoscopy, respiratory
failure requiring reintubation, acute respiratory distress
syndrome, acute aspiration, tracheobronchial injury and
chest tube maintenance for air leak for >10 days post-
operatively. Secondary outcome measures were overall
complications, major complications, anastomotic leaks,
and 90-day mortality. Major postoperative complications
were defined as those of Clavien-Dindo Grade III-V [20].
Anastomotic leaks were defined full thickness GI defect
involving esophagus, anastomosis, staple line, or conduit
irrespective of presentation or method of identification
according to the ECCG [21]. Broadly, these leaks were
defined as type I, type II or type III anastomotic leaks as
defined according to the ECCG guidance.

Data collection

The process of data collection was based on case report
forms (CRFs), which were for data recording only.
Detailed reporting on data collection process has been
reported elsewhere [23-25].
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Definitions of variables

A range of patient-, tumour- and treatment-related fac-
tors were assessed. Data for a range of center-specific var-
iables were also collected. Country income was defined
as high-income (HIC) or low- or middle-income coun-
tries (LMIC), according to the World Bank Data [26]. The
center volume [27, 28] was based on the number of cases
treated by each center during the study period (nine
months), from which the number of cases per year was
estimated. The resulting variable was then categorized for
analysis, based on tertiles, such that there were approxi-
mately equal numbers of patients in each category. The
resulting categories were <28 (n= 94 centers; HIC—68,
LMIC—26), 28-50 (n= 28 centers; HIC—25, LMIC—3)
and >50 cases (n= 15 centers, HIC—13, LMIC—2) per
year. The TNM staging was based on pathology and used
the 8 th edition definitions [29].

Statistical analysis

Continuous variables that were normally distributed
were reported as mean + standard deviation (SD), with
p-values from independent sample t-tests. For continu-
ous, and non-normally distributed data, we reported
them as medians and interquartile ranges (IQRs). Cat-
egorical ordinal variables were also assessed using
Mann-Whitney U-tests, whilst nominal variables
were analysed using Fisher’s exact-tests or Chi*-tests,
for variables with two or more than two categories,
respectively. Multilevel multivariable analyses were
then performed, to produce adjusted odds ratio (OR)
on surgical techniques on outcomes to account for
the multi-level structure of the data, by adjusting for
within-centre correlations of outcomes. As such, the
centre was set as the subject effect, and the patient ID
as the within-subject effect, with an exchangeable cor-
relation structure assumed. For all models, a range of
centre-, patient-, tumour- and treatment-related fac-
tors were assessed. Variables included in the multivari-
able models were selected based on clinical relevance,
existing literature, and availability in the dataset. The
adjusted model includes center- (center volume, coun-
try income), patient- (i.e. age, gender, ASA grade,
Charlson comorbidity index, smoking status and body
mass index), tumour- (i.e. tumor histology, tumor
location, AJCC clinical T and N classification) and
treatment-related (i.e. preoperative nutrition, neoad-
juvant therapy, surgical approach, anastomosis site)
factors. Although our models were not intended for
prognostic prediction, we report the c-statistic (area
under the curve) for each outcome model as an indica-
tor of overall model performance. Sensitivity analyses
were performed by patients with respiratory disease,
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neoadjuvant chemoradiotherapy and high-volume
centers. A p-value of <0.05 was considered statisti-
cally significant and 2-sided 5% significance level was
applied. Data analysis was performed using R Foun-
dation Statistical software (R 3.2.2) with TableOne,
ggplot2, Hmisc, and finalfit packages (R Foundation for
Statistical Computing, Vienna, Austria) as previously
described [15, 16].

Results

Clinicopathologic characteristics

Of the 2,247 patients identified from the OGAA study,
1,784 patients received transthoracic OE (n= 744),
HE (n= 500) or TMIE (n= 540) for esophageal cancers
(Fig. 1). Baseline characteristics of patients are presented
in Tables 1 and 2. Patients receiving TMIE were more
likely to be from high volume (< 50 cases/year) (35% vs
27%, p< 0.001) and from high-income countries (96% vs
93%, p < 0.001) than patients receiving OE.

In the TMIE cohort, ASA grade III-IV patients (40%
vs 30% vs 29%, p< 0.001), adenocarcinoma histology
(87% vs 85% vs 79%, p= 0.002), and distal cancers (38%
vs 27% v2 32%, p= 0.005) were significantly more com-
mon than in the HE and OE cohort (Table 1). Also, more
TMIE patients, compared with HE and OE, had neoadju-
vant chemoradiotherapy (42% vs 23% vs 27%, p < 0.001),
a linear stapled anastomosis (28% vs 20% vs 15%, p<
0.001), thin gastric tube (< 5 cm width) (76% vs 64% vs
44%, p< 0.001), and omentoplasty (57% vs 42% vs 32%,
p< 0.001) (Table 2). There were no significant differences
in the rates of clinical AJCC T3/T4a disease (64% vs 69%
vs 69%, p= 0.4) and clinical AJCC N2/N3 (16% vs 20% vs
19%, p= 0.4) disease across patients receiving TMIE, HE
and OE.

Primary outcome

Postoperative pulmonary complications (PPC) Patients
receiving TMIE had significantly lower rates of PPC
patients having HE and OE (28% vs 39% vs 37%, p=
0.002). On adjusted analyses, patients receiving TMIE
had significantly lower rates of PPC than open (OR: 0.60,
Clysy: 0.45—0.78, p< 0.001) (Table 3, Fig. 2). The full
model is presented in Supplementary Table 1 (c-statistic
0.71). Sensitivity analyses demonstrated significantly
lower rates of PPC with TMIE compared to HE (OR: 0.53,
Clgsy: 0.39—0.73, p< 0.001) (Supplementary Table 2).
Exploratory analyses identified TMIE patients with PPC
were more likely to have higher ASA grade, respiratory
disease, distal esophageal cancers, and advanced disease
(Supplementary Table 3).
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OGAA cohort patients,
n=2,247
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Fig. 1 Flow chart on inclusion of patients with esophageal cancers (i.e. adenocarcinoma and squamous cell carcinoma) from the Oesophagogastric

Anastomosis Audit

Secondary outcomes

Overall complications There was no significant dif-
ference in rates of overall complications between OE,
HE and TMIE (64% vs 61% vs 61%, p= 0.2). However,
patients receiving TMIE had significantly lower rates of
overall complications than OE (OR: 0.68, Clyg,: 0.52—
0.88, p=0.004) on adjusted analyses (Table 3, Fig. 2). The
full model is presented in Supplementary Table 4 (c-sta-
tistic 0.69). Sensitivity analyses demonstrated no signifi-
cant difference in overall complications between HE and
TMIE in adjusted analyses. (Supplementary Table 1).

Major complications There was no significant differ-
ence in rates of major complications between OE, HE and
TMIE (24% vs 26% vs 24%, p= 0.5). On adjusted analy-
ses, there were no significant difference in rates of major
complications between patients receiving TMIE and OE
(Table 3, Fig. 2). The full model is presented in Supple-
mentary Table 5 (c-statistic 0.70). Sensitivity analyses
demonstrated no significant difference in overall compli-
cations between HE and TMIE in adjusted analyses (Sup-
plementary Table 1).

Anastomotic leaks Patients receiving TMIE had sig-
nificantly higher rates of anastomotic leaks compared
to patients having OE and HE (16% vs 11% vs 11%, p=
0.026) (Table 3). On adjusted analyses, there were no

significant difference in rates of anastomotic leaks in
patients receiving HE (OR: 1.08, Clys: 0.74—1.57, p=
0.7) and TMIE (OR: 140, Clyy,: 0.96—2.02, p= 0.1)
compared to OE (Table 3, Fig. 2). The full model is pre-
sented in Supplementary Table 6 (c-statistic 0.66). Sensi-
tivity analyses between HE and TMIE demonstrated no
significant difference in anastomotic leak rates between
the two techniques in adjusted analyses (Supplementary
Table 1). Anastomotic leaks were further classified using
ECCQG definitions, with no significant difference in sever-
ity grading across surgical approaches.

90-day mortality There was no significant difference
in rates of 90-day mortality between OE, HE and TMIE
(4% vs 3% vs 3%, p= 0.6) (Table 3, Fig. 2). On adjusted
analyses, there were no significant difference in rates of
90-day mortality between patients receiving TMIE and
OE (Table 3). The full model is presented in Supplemen-
tary Table 7 (c-statistic 0.75). Sensitivity analyses dem-
onstrated no significant difference in 90-day mortality
between HE and TMIE in adjusted analyses (Supplemen-
tary Table 1).

Other complications A summary of postoperative com-
plications as defined according to ECCG by OE, HE and
TMIE are presented in Supplementary Table 8. There
were significant differences in operating time between
patient receiving OE, HE and TMIE (median: 350 vs 355
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Table 1 Hospital- and patient-level clinicopathologic characteristics of patients with esophageal cancers receiving open, hybrid and
totally minimally invasive esophagectomy

Open, Hybrid, Totally minimally p-value
n=750 n=507 invasive,
n=441
Hospital-level factors
Center volume <28 232 (30.9) 129 (25.4) 155(35.1) <0.001
28-50 313 (41.7) 212 (41.8) 130 (29.5)
> 51 205 (27.3) 166 (32.7) 156 (35.4)
Country income High income country 696 (92.8) 498 (98.2) 424 (96.1) < 0.001
Low-Middle income country 54(7.2) 9(1.8) 17 (3.9)
Patient-level factors
Age at surgery 63.9 (10.1) 66.0 (9.6) 64.7 (9.8) 0.001
Sex Female 155 (20.7) 89 (17.6) 74 (16.8) 0.182
Male 595 (79.3) 418 (82.4) 367 (83.2)
ASA Grade 1 108 (14.4) 72 (14.2) 38 (8.6) <0.001
2 423 (56.4) 284 (56.0) 225(51.0)
3-4 219(29.2) 51(29.8) 78 (40.4)
Smoking status Never smoker 300 (40.0) 81(35.7) 42(32.2) 0.007
Ex-smoker 320 (42.7) 234 (46.2) 216 (49.0)
Current smoker 100 (13.3) 79 (15.6) 77 (17.5)
Unknown 30 (4.0 13(26) 6 (1.4)
Respiratory Disease No 660 (88.0) 457 (90.1) 377 (85.5) 0.090
Yes 90 (12.0) 50(9.9) 64 (14.5)
Body mass index <185 32(43) 13(26) 8(1.8) 0.020
18.6-24.9 272 (36.3) 187 (36.9) 157 (35.6)
25.0-29.9 253 (33.7) 206 (40.6) 73(39.2)
>30.0 193 (25.7) 01(19.9) 03 (234)
Tumor Histology Adenocarcinoma 595 (79.3) 430 (84.8) 382 (86.6) 0.002
Squamous Cell Carcinoma 155 (20.7) 77 (15.2) 59(134)
Tumor location Proximal/Middle 61(8.1) 32(6.3) 25(5.7) 0.005
Distal 238 (31.7) 138 (27.2) 168 (38.1)
Siewert 1 239 (31.9) 197 (38.9) 133(30.2)
Siewert 2-3 1(28.1) 140 (27.6) 115 (26.1)
Missing 1 (0.1) 0(0.0) 0(0.0)
Clinical AJCCT Stage cT1 81(10.8) 57(11.2) 50(11.3) 0411
cl2 153 (204) 99( 9.5) 107 (24.3)
cT3/T4a 516 (68.8) 1(69.2) 284 (64.4)
Clinical AJCC N Stage cNO 313 (41.7) 218 (43.0) 208 (47.2) 0.355
cN1 295(39.3) 189 (37.3) 162 (36.7)
cN2/3 142 (18.9) 100 (19.7) 71 (16.1)
Preoperative nutrition No 411 (54.8) 255 (50.3) 214 (48.5) 0.080
Yes 339(45.2) 252 (49.7) 227 (51.5)
vs 367, p< 0.001). There were no significant differences in  Sensitivity analysis
the overall length of stay between patients receiving OE,
HE and TMIE (mean: 17.8 vs 16.7 vs 16.5 days, p= 0.2). Respiratory disease Of 1,784 patients receiving

either OE, HE or TMIE, 11% (n= 204) had underlying
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Table 2 Operative-level clinicopathologic characteristics of patients with esophageal cancers receiving open, hybrid and totally
minimally invasive esophagectomy

Open, Hybrid, Totally minimally p-value
n=744 n=500 invasive,
n=540
Operative-level factors

Neoadjuvant Therapy None 171 (22.8) 129 (25.4) 119 (27.0) <0.001
Chemoradiotherapy 201 (26.8) 114 (22.5) 184 (41.7)
Chemotherapy 378 (504) 264 (52.1) 138 (31.3)

Anastomosis technique Handsewn 123 (16.4) 38(7.5) 75(17.0) <0.001
Linear Stapled 111(14.8) 99 (19.5) 122 (27.7)
Circular stapled 516 (68.8) 370 (73.0) 244 (55.3)

Gastric tube Thin (< 5cm) 327 (43.6) 324 (63.9) 337 (76.4) < 0.001
Wide (> 5 cm) 408 (54.4) 174 (34.3) 102 (23.1)
Whole Stomach 15(2.0) 9(1.8) 2 (0.5)

Pyloric procedures Not Performed 369 (49.2) 383 (75.5) 341 (77.3) <0.001
Botox 9(1.2) 2(04) 28 (6.3)
Dilatation 56 (7.5) 63 (12.4) 33(7.5)
Pyloromyotomy 29(3.9) 9(1.8) 5(1.1)
Pyloroplasty 287 (38.3) 50(9.9) 34(7.7)

Omentoplasty No 509 (67.9) 295 (58.2) 191 (43.3) <0.001
Yes 241 (32.1) 212 (41.8) 250 (56.7)

Table 3 Univariable and multivariable analysis of postoperative (i.e., pulmonary complications, anastomotic leaks, overall & major
complications, and 90-day mortality) outcomes comparing open, hybrid and totally minimally invasive esophagectomy in patients

with esophageal cancer

Rates, n (%) Univariable, OR (95% Cl) Multivariable, OR (95% Cl)

Pulmonary complications®

Open 276 (36.8) REF REF

Hybrid 196 (38.7) 1.08 (0.86-1.37, p=0.504) 1.07 (0.84-1.36, p=0.6)

Totally minimally invasive 125(28.3) 0.68 (0.53-0.88, p=0.003) 0.60 (0.45-0.78, p< 0.001)
Overall complications?

Open 481 (64.1) REF REF

Hybrid 310(61.1) 0.88 (0.70-1.11, p=0.282) 0.85 (0.67-1.09, p=0.204)

Totally minimally invasive 262 (59.4) 0.82 (0.64-1.04, p=0.104) 0.68 (0.52-0.88, p= 0.004)
Major complications?

Open 178 (23.7) REF REF

Hybrid 130 (25.6) 1.11(0.85-1.44, p=0.441) 1.10(0.83-1.43,p=10.510)

Totally minimally invasive 107 (24.3) 1.03 (0.78-1.35, p=10.836) 0.90 (0.67-1.21, p=0.489)
Anastomotic leaks®

Open 81(10.8) REF REF

Hybrid 57(11.2) 1.05 (0.73-1.50, p= 0.806) 1.08 (0.74-1.57, p=0.682)

Totally minimally invasive 70 (15.9) 1.56 (1.10-2.20,p=0.012) 140 (0.96-2.02, p=0.076)
90-day mortality®

Open 26 ( REF REF

Hybrid 16 (3. 0.91 (0.47-1.69, p=0.764) 0.73(0.37-141,p=0.352)

Totally minimally invasive 11(2.5) 0.71(0.33-1.42,p=10.352) 0.50 (0.22-1.06, p=0.079)

2 Adjusted for center volume, country income, age at surgery, sex, ASA grade, smoking status, respiratory disease, body mass index, tumor histology & location, clinical

AJCCT stage, clinical AJCC N stage, preoperative nutrition, neoadjuvant therapy, anastomotic technique, and surgical approach
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Fig. 2 Summary Forest plot of primary (i.e. pulmonary complications) and secondary (i.e. overall & major complications, anastomotic leaks, 90-day
mortality) outcomes surgical approaches in patients with transthoracic esophageal cancers

respiratory disease. Baseline characteristics for these
patients are presented in Supplementary Table 9. Sen-
sitivity analyses performed for PPC, overall and major
complications, anastomotic leaks and 90-day mortal-
ity (Supplementary Table 10) were in line with the find-
ings of the main analysis. On adjusted analyses, patients
receiving TMIE had significantly lower rates of PPC than
(OR: 0.53, Clyg,: 0.39—0.72, p< 0.001) (Supplementary
Table 10).

Neoadjuvant chemoradiotherapy Sensitivity analyses
were performed in patients receiving neoadjuvant chem-
oradiotherapy (n= 499), of which 37% (n= 184) received
TMIE. Baseline characteristics for these patients are pre-
sented in Supplementary Table 11. Sensitivity analyses
performed for PPC, overall and major complications,
anastomotic leaks and 90-day mortality (Supplemen-
tary Table 12) were in line with the findings of the main
analysis.

High volume centers Sensitivity analyses were per-
formed in patients receiving treatment in high volume
centers (n= 527), of which 30% (n= 156) received TMIE.
Baseline characteristics for these patients are presented
in Supplementary Table 13. Sensitivity analyses per-
formed for PPC, overall complications, anastomotic leaks
and 90-day mortality (Supplementary Table 14) were
in line with the findings of the main analysis. However,
patients receiving TMIE had significantly lower rates of

major complications (17% vs 26%, p= 0.001) than OE,
which remained on adjusted analyses (OR: 0.48, Clgs:
0.24—0.94, p=0.037).

Discussion

Current guidelines from the European Society of Medi-
cal Oncology (ESMO) [30] and the National Comprehen-
sive Cancer Network (NCCN) [31] recommend hybrid
esophagectomies. However, evidence demonstrating
any superiority or safety for TMIE over OE or HE or any
other existing surgical approach is lacking. This inter-
national cohort study on patients with esophageal can-
cers demonstrated that TMIE was associated with lower
90-day PPC. There was however no difference in overall
complications and anastomotic leak rates in the adjusted
analyses. Margin-negative resection rates were signifi-
cantly higher after TMIE compared to OE or HE, albeit
lower than in RCTs [10, 11]. These warrant a further
review into causes and mechanisms in selected patients,
and that quality assurance in delivery of TMIE.

To date, evidence surrounding impact of MIE on post-
operative outcomes, especially PPC compared to OE or
HE remains unclear. Evidence from previously published
RCT’s comparing OE with HE (i.e. MIRO [11]) or TMIE
(i.e. TIME [10], ROBOT [32]) demonstrated significantly
lower rates of PPC with HE and TMIE, respectively.
However, a published meta-analysis [33] of non-rand-
omized studies comparing HE and TMIE demonstrated
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no significant difference in rates of pneumonia between
the two techniques. A recently published review also
emphasises the uncertainty that exists in the current evi-
dence on this topic [34]. These findings were aligned with
a recent population-based cohort study from Sweden
[13].

Reducing rates of anastomotic leaks remain a major
topic of discussion amongst esophageal surgeons and
efforts to reduce them remain a priority. However, adop-
tion of TMIE has been associated with significantly
higher rates of anastomotic leaks compared to OE.
Firstly, a recently published cohort study from the ESO-
Data demonstrated higher anastomotic leaks rate with
TMIE than HE [35]. However, the ESOData included
patients from high volume, high income countries com-
pared to the present study. Therefore, the present study
allowed the true impact of adoption of TMIE from global
real-world data. Secondly, a meta-analysis [33] that com-
pared TMIE with HE reported significantly higher rates
of anastomotic leaks with transthoracic TMIE compared
with HE. In addition, these anastomotic leaks following
esophagectomy is linked to reduced long-term overall
survival from a recent meta-analysis [7, 8]. However, in
the present study, there was a trend towards higher anas-
tomotic leak rates with TMIE compared to OE and HE,
as high as 40%. Although the relative risks are higher, the
absolute rates of anastomotic leak rates are lower than
previously published randomised and non-randomised
trials.

Several reasons may explain, the numerically higher
rate of anastomotic leaks observed with TMIE, although
not statistically significant in adjusted models. Firstly,
TMIE involves a technically complex, intracorpor-
eal anastomosis that can be affected by reduced tactile
feedback and visualization limitations. Moreover, con-
duit perfusion can be more difficult to assess accurately
in minimally invasive approaches, especially without
adjuncts such as ICG fluorescence angiography. Second,
stapling techniques and conduit preparation also vary—
thin gastric tubes, more commonly used in TMIE, may
be more vulnerable to ischemia. Third, learning curve
effects cannot be excluded, particularly as TMIE adop-
tion is increasing globally and standardisation of tech-
nique remains heterogeneous. Our analysis did not
directly measure surgeon experience, but future studies
should address this as a modifiable factor.

The present study has some limitations. Firstly, the pre-
sent study does not capture proficiency gains or learning
curves of individual surgeons performing TMIE to assess
impact of this on complications. Although interhospi-
tal variation has been included into the adjusted model,
unknown confounders such as these may also affect post-
operative complications. Secondly, impact of surgical
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approaches on long-term survival data and health-related
quality of life were not available in this cohort study.
Important endpoints such as dysphagia, reflux, nutri-
tional status, and patient-reported quality of life were not
collected. These outcomes are essential to understanding
the true burden of surgery from the patient’s perspective,
particularly when comparing different minimally invasive
approaches. Future collaborative efforts should prioritize
the inclusion of longitudinal follow-up with validated
quality of life instruments to better inform surgical
decision-making. Thirdly, there are potentially unmeas-
ured confounders that were not included in the adjusted
models. These include surgeon experience (e.g., learning
curves) and hospital-level services such as prehabilitation
and enhanced recovery after surgery protocols which
may exists in some centers. Variation in some of these
measures may affect outcomes in patients undergoing
esophagectomy around the world.

Conclusion

This study provides real-world data that TMIE was
associated with lower 90-day PPC than OE and HE
approaches, especially in patients with underlying res-
piratory disease or receiving neoadjuvant chemoradio-
therapy. These warrant a further review into causes and
mechanisms in selected patients, and that quality assur-
ance in delivery of TMIE is probably of major impor-
tance. The ideal surgical approach remains unclear, and
ongoing trials will provide more evidence within a few
years that may clarify the optimum approach to locally
advanced esophageal cancers.
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