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Abstract
Introduction: With the increase of esophageal and gastric 
cancer, surgery will be more often performed. Anastomotic 
leakage (AL) is one of the most feared postoperative compli-
cations of gastroesophageal surgery. It can be managed by 
conservative, endoscopic (such as endoscopic vacuum ther-
apy and stenting), or surgical methods, but optimal treat-
ment remains controversial. The aim of our meta-analysis 
was to compare (a) endoscopic and surgical interventions 
and (b) different endoscopic treatments for AL following 
gastroesophageal cancer surgery. Methods: Systematic re-
view and meta-analysis, with search in three online databas-
es for studies evaluating surgical and endoscopic treatments 
for AL following gastroesophageal cancer surgery. Results: 
A total of 32 studies comprising 1,080 patients were includ-
ed. Compared with surgical intervention, endoscopic treat-
ment presented similar clinical success, hospital length of 
stay, and intensive care unit length of stay, but lower in-hos-
pital mortality (6.4% [95% CI: 3.8–9.6%] vs. 35.8% [95% CI: 
23.9–48.5%]. Endoscopic vacuum therapy was associated 

with a lower rate of complications (OR 0.348 [95% CI: 0.127–
0.954]), shorter ICU length of stay (mean difference −14.77 
days [95% CI: −26.57 to −2.98]), and time until AL resolution 
(17.6 days [95% CI: 14.1–21.2] vs. 39.4 days [95% CI: 27.0–
51.8]) when compared with stenting, but there were no sig-
nificant differences in terms of clinical success, mortality, re-
interventions, or hospital length of stay. Conclusions: Endo-
scopic treatment, in particular endoscopic vacuum therapy, 
seems safer and more effective when compared with sur-
gery. However, more robust comparative studies are need-
ed, especially for clarifying which is the best treatment in 
specific situations (according to patient and leak character-
istics). © 2023 The Author(s).
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Resumo
Introdução: Com o aumento da incidência de cancro es-
ofágico e gástrico, a cirurgia será mais frequentemente 
realizada. As deiscências anastomóticas (DA) são uma das 
complicações pós-operatórias mais temidas da cirurgia 
gastroesofágica. Podem ser tratadas com métodos con-
servadores, endoscópicos (como terapêutica endoscópi-
ca por vácuo e colocação de próteses) ou cirúrgicos, mas 
a melhor abordagem ainda é controversa. O objetivo da 
nossa meta-análise foi a comparação a) entre interven-
ções endoscópicas e cirúrgicas e b) entre diferentes trata-
mentos endoscópicos para a DA após cirurgia oncológica 
gastroesofágica. Métodos: Revisão sistemática e meta-
análise, com pesquisa em 3 bases de dados online de es-
tudos que avaliassem tratamentos cirúrgicos e endoscópi-
cos da DA após cirurgia oncológica gastroesofágica. Re-
sultados: Um total de 32 estudos englobando 1,080 
pacientes foram incluídos. Comparativamente à interven-
ção cirúrgica, o tratamento endoscópico apresentou 
sucesso clínico, duração do internamento hospitalar e do 
internamento na unidade de cuidados intensivos semel-
hantes, mas menor mortalidade intra-hospitalar (6.4% 
[95% CI: 3.8–9.6%] vs. 35.8% [95% CI: 23.9–48.5%]). A ter-
apêutica endoscópica por vácuo associou-se a menor 
taxa de complicações (OR 0.348 [95% CI: 0.127–0.954]), 
menor duração do internamento na UCI (diferença média 
−14.77 dias [95% CI: −26.57 to −2.98]) e do tempo até res-
olução da DA (17.6 dias [95% CI: 14.1–21.2] vs. 39.4 dias 
[95% CI: 27.0–51.8]) quando comparada com as próteses 
endoscópicas, mas não houve diferenças significativas 
em termos de sucesso clínico, mortalidade, reinterven-
ções ou duração do internamento hospitalar. Conclusões: 
O tratamento endoscópico, em particular a terapêutica 
endoscópica por vácuo parece ser mais segura e efetiva 
em comparação com a cirurgia. Porém, estudos compara-
tivos mais robustos são necessários, especialmente para 
clarificar qual o melhor tratamento em situações específi-
cas (consoante as caraterísticas do paciente e da deiscên-
cia). © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Surgical treatment of esophagogastric cancer is associ-
ated with significant mortality and morbidity rates. 
Esophagectomy’s mortality and morbidity are reported 
to be as high as 3.8–4.5% and 24.0–44.9%, respectively 
[1–3]. Gastrectomy for gastric cancer carries a mortality 
of 4.1–4.7% and a morbidity of 23.6–36.0% [4, 5].

Anastomotic leakage (AL) is one of the most feared 
postoperative complications of gastroesophageal surgery 
owing to its association with prolonged hospital stay, in-
creased mortality, and reduced quality of life [6–9]. In 
recent decades, improving of surgical techniques and bet-
ter management of postoperative complications led to a 
decrease of those outcomes [10, 11], although this adverse 
event is still frequent, with AL incidence rates ranging 
from 0 to 49% following esophagectomy [12] and from 
2.1 to 14.6% after gastrectomy [13].

AL can be managed by conservative (which includes 
fasting, nutritional support, antibiotic therapy, and 
wound drainage), endoscopic (clips, stents, tissue adhe-
sives, or endoscopic vacuum therapy [EVT]), or surgical 
methods (primary closure of the leak, reanastomosis, or 
resection of the conduit). Currently, treatment decision 
is usually based on the characteristics of the leakage and 
the patient’s clinical condition, but optimal treatment re-
mains controversial [13–15]. In the past, surgery was the 
treatment of choice, although it carries a higher mortality 
rate and nowadays is mostly used in cases of severe sepsis, 
large defects, or when other treatments failed or are not 
available/indicated.

Conservative treatment can be an option in clinically 
stable patients with small leakages [13, 14]. More recent-
ly, endoscopic techniques for AL were developed and ap-
pear to be safer than surgical reintervention [13, 14]. Re-
cent systematic reviews comparing stenting with EVT 
found that the latter was associated with higher rate of AL 
closure and lower mortality [16–19]. Other endoscopic 
methods have also been reported as safe and effective, but 
most of this evidence results from small case series [13, 
16]. Thus, it is unclear which is the optimal strategy for 
endoscopic treatment of AL after oncological gastric or 
esophageal surgery. Moreover, the comparison of endo-
scopic and surgical treatments for AL is important to con-
firm if endoscopic treatment should be the first-line strat-
egy. The aims of this meta-analysis were to compare the 
outcomes of endoscopic and surgical treatments for AL 
following surgery for both esophageal and gastric cancer 
and to compare the outcomes of the different endoscopic 
methods.

Methods

This meta-analysis was performed according to the guidelines 
of the Preferred Reporting Items for Systematic Reviews and Meta-
analyses checklist [20]. Since we performed a systematic review, no 
institutional board review approval or written consent was ob-
tained.
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Search Strategy
To identify published literature, a systematic search strategy 

was performed using 3 electronic databases (MEDLINE through 
PubMed, ISI Web of Knowledge, and Scopus), with last search per-
formed on 2nd September 2020. No language or publication date 
restrictions were imposed. The search query for PubMed was 
(“anastomotic leak” OR “anastomotic dehiscence” OR “anastomo-
sis dehiscence” OR “anastomotic fistula”) AND (gastric OR stom-
ach OR esophag* OR oesophag* OR gastroesophageal OR “upper 
gastrointestinal tract”) AND (endoscopy OR “endoscopic man-
agement” OR “OTSC” OR stent OR sponge OR esophagectomy 
OR gastrectomy).

In addition, reference lists of review articles on the topic were 
searched to identify additional studies. We contacted all authors of 
studies that did not present the data as per inclusion criteria. Stud-
ies from authors that did not answer were not included in the 
quantitative analysis.

Study Selection
Studies were reviewed initially based on title and abstract by 

two independent investigators (I.A. and R.O). The full text of the 
included studies was then independently screened by the same two 
investigators according to the criteria below. A third author (D.L.) 
intervened in case of disagreement. The reasons for excluding 
studies were recorded. This phase was performed with Rayyan on-
line platform. We included (1) randomized controlled trials, case-
control or cohort studies (prospective or retrospective), and case 
series; (2) including patients who underwent endoscopic or surgi-
cal interventions as the first treatment for an AL following a gas-
troesophageal cancer surgery; (3) and evaluating the success of the 
endoscopic and surgical interventions in terms of at least one of 
the primary or secondary outcomes mentioned below. Studies 
were excluded if they were (1) review articles, editorials, com-
ments, letters, and surveys; (2) case reports; (3) animal studies; (4) 
if they included fewer than 10 patients who met the eligibility cri-
teria; or (5) if there was population overlap between studies. In this 
last case, only the study with the largest sample or study period was 
included.

Outcomes
The primary outcomes were (a) clinical success (defined as a 

complete closure of the AL, confirmed by upper endoscopy or im-
aging exam, with no need for reintervention and no death occur-
ring as a consequence of the AL or its treatment, during follow-up); 
(b) in-hospital mortality (overall and treatment-related mortality). 
Secondary outcomes were rate of technical success (defined as a 
successful application of the chosen therapy), rate of endoscopic 
and surgical reintervention, rate of complications, hospital, and 
intensive care unit (ICU) length of stay, time until AL resolution 
and time until oral intake.

Data Collection
Data were extracted and recorded on an electronic data extrac-

tion sheet by two independent investigators (I.A. and R.O). Dis-
agreements were solved by consensus. We retrieved information 
about: (1) study (title, first author, year of publication, country of 
origin, study period, study design, number of participants, number 
of patients with AL, and risk of bias); (2) participants (age, gender, 
and comorbidities); (3) tumor characteristics (location, staging, 
neoadjuvant therapy and type of resection, and reconstruction); 

(4) AL characteristics (time between surgery and AL diagnosis, 
modality of diagnosis, location, and dimensions of AL); (5) inter-
ventions (number of patients treated with each endoscopic and 
surgical method, time between cancer surgery or AL diagnosis and 
treatment, characteristics of each treatment), and (6) the afore-
mentioned outcomes.

Assessment of Methodological Quality
The risk of bias within studies was evaluated by I.A. using the 

Newcastle-Ottawa Scale for cohort studies and independently 
checked by R.O. Disagreements were solved by consensus. We also 
assessed the existence of publication bias by visual inspection of 
funnel plots and using the Egger’s test for primary outcomes.

Statistical Analysis
We performed a meta-analysis including all studies (single-

arm or double-arm) presenting data allowing the calculation of 
pooled prevalence (for categorical variables) and weighted mean 
(for continuous variables), using random-effects model with 
MetaXL 5.3. Double-arm comparative studies were analyzed 
through calculation of odds ratio (OR) and weighted mean differ-
ences (WMD). Heterogeneity between studies was tested using I2 
statistic and Cochran’s Q test. Significant heterogeneity was de-
fined as I2 >40% and/or p < 0.05. Subgroup analysis was conducted 
to explore potential sources of heterogeneity according to (a) tu-
mor location (esophageal vs. gastric) and (b) mortality definition 
(overall mortality vs. treatment-related mortality). Sensitivity 
analyses were also conducted in case of important definition and/
or technical differences between studies and presence of outliers.

Results

Study Selection, Study Characteristics, and Quality 
Evaluation
After removing 2,382 duplicates, 2,733 titles and ab-

stracts were screened, and 126 articles underwent full-
text assessment, of which 32 were included in the system-
atic review (Fig. 1) [21–52]. We also checked the refer-
ence list of previous systematic reviews on the topic but 
found no further relevant studies.

General characteristics of the included studies (29 ret-
rospective and 3 prospective) are shown in Table 1. De-
tails regarding demographic and clinical characteristics 
of the patients are presented in online supplementary Ta-
ble 1 (see www.karger.com/doi/10.1159/000527769 for 
all online suppl. material). Twenty-one of the included 
studies (65.6%) evaluated endoscopic treatment [21–25, 
28–30, 32–36, 41–44, 46, 49, 50, 52], 3 (9.4%) focused on 
surgical intervention [37, 38, 47], and 8 (25.0%) evaluated 
both types of intervention [26, 27, 31, 39, 40, 45, 48, 51].

Overall, 936 patients were treated with endoscopic 
methods, including 533 with stent placement (22 studies) 
[21–23, 25–31, 33, 34, 36, 40–43, 45, 48, 50–52], 133 with 
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EVT (6 studies) [22, 33, 44, 46, 48, 49], 70 with clips (3 
studies) [21, 43, 45, 50], 14 with fibrin glue (2 studies) [34, 
50], 86 with argon plasma coagulation (1 study) [43], and 
45 with multimodal interventions (3 studies) [24, 39, 41]. 
In 75 patients across 4 studies, the outcomes of different 
endoscopic treatments were evaluated together [31, 32, 
35, 50]. Regarding stent placement, most studies used 
self-expanded metal stents, which were fully covered in 
the majority of the patients. Meta-analysis comparing 
partially and fully covered metal stents was not performed 
due to the low number of studies evaluating outcomes 
separately. Details about the endoscopic treatment are 
summarized in online supplementary Table 2.

A total of 144 patients were treated with surgical inter-
ventions, including 13 with anastomosis disassembly and 
ostomy (3 studies) [27, 31, 47], 17 with suture of anasto-

mosis (3 studies) [37, 38, 40], 20 with reanastomosis (3 
studies) [31, 45, 47], and 19 with other surgical interven-
tions (3 studies) [31, 38, 47]. In 75 patients across 4 stud-
ies, the outcomes of different surgical treatments were 
evaluated together [26, 39, 48, 51].

Methodological quality of the included studies is de-
scribed in Table 1. The median Newcastle-Ottawa score 
was 6 (IQR 5–6). Funnel plots and Egger’s test did not 
show evidence of publication bias when evaluating in-
hospital mortality after endoscopic (p = 0.410) and surgi-
cal treatment (p = 0.169) and clinical success after endo-
scopic treatment (p = 0.053).

Surgical versus Endoscopic Treatment
Technical success was presented in 6 endoscopic stud-

ies, with 5 of them reporting a technical success of 100% 

Records identified
through Medline

database searching
(n = 1,937)

Records identified
through Web of Science

database searching
(n = 910)

Records identified
through Scopus

database searching
(n = 2,268)

Records after duplicates removed
(n = 2,733)

Records screened
(n = 2,733)

Full-text articles assessed
for eligibility

(n = 126)

Records excluded
(irrelevant)
(n = 2,607)

Full-text articles excluded
(n = 94)

- Wrong publication
   type (n = 2)
- Wrong population
   (n = 43)
- Wrong treatment
   (n = 18)
- Less than 10 patients
  (n = 25)
- Patient overlap (n = 5)
- No extractable data
  (n = 1)

Studies included in
qualitative synthesis

(n = 32)

Studies included in quantitative synthesis
(n = 32)
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Fig. 1. Flow diagram of study selection ac-
cording to the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses.
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[25, 27, 28, 32, 52] and the other presenting a rate of 92.9% 
[29]. Clinical success (leak closure rate) was similar in en-
doscopic and surgical studies (83.2% [95% CI: 77.0–
88.6%] vs. 82.2% [95% CI: 67.7–93.3%]) (online suppl. 
Fig. 1; Table  2). However, overall in-hospital mortality 
was significantly higher in surgical studies than in endo-
scopic studies (35.8% [95% CI: 23.9–48.5%) vs. 6.4% [95% 
CI: 3.8–9.6%]) (Fig. 2; Table 2). Death directly due to ad-
verse events of endoscopic treatment was described in 8 
endoscopic studies, and the pooled treatment-related 
mortality was 1.4% (95% CI: 0.0–3.8%). Clinical success 
and mortality were similar when stratifying by lesion lo-
cation (Table 2).

After surgical treatment, there were no surgical rein-
terventions (0% [95% CI: 0–4.8%]) [26, 27, 31, 38–40, 45, 
47]. After endoscopic treatment, the rate of surgical rein-
tervention was 4.9% (95% CI: 2.7–7.6%) (online suppl. 
Fig. 2) [21–36, 39–42, 44–46, 49, 50, 52].

Surgical complications were presented in 3 studies, 
which reported development of stenosis, fistulae, and se-
vere bleeding in 17.6% [47], 30.0% [38], and 2.9% [39] of 
the patients, respectively. Overall adverse events occurred 
in 26.6% of the patients treated with EVT or stenting 
(95% CI: 20.7–33.0%; detailed below).

There were no significant differences in terms of hos-
pital or ICU length of stay (Table 3). Most studies defined 
hospital length of stay as time between cancer surgery and 
discharge. Sensitivity analysis excluding two studies with 
slightly different definitions of this outcome [30, 39] did 
not significantly affect the estimates.

Time until AL resolution was only presented in 1 sur-
gical study (50.1 ± 60.0 days) [38]. In endoscopic studies, 
mean time until AL resolution ranged from 12.0 to 63.4 
days [22–26, 29, 30, 32, 33, 41, 42, 44, 46, 49, 50, 52].

EVT versus Stent
Single-Arm Meta-Analysis
EVT, in comparison to stent, was associated with a 

nonsignificantly higher clinical success rate (91.3% [95% 
CI: 79.2–99.6%] vs. 81.5% [95% CI: 73.6–88.3%]) (Ta-
ble 2) and a nonsignificantly lower in-hospital mortality 
rate (6.0% [95% CI: 1.8–11.4%] vs. 8.6% [95% CI: 4.6–
13.4%]) (Table 2).

EVT was associated with a nonsignificantly lower rate 
of surgical reinterventions (1.8% [95% CI: 0–5.2.0%] vs. 
5.7% [95% CI: 2.6–9.6%]), but a nonsignificantly higher 
rate of endoscopic reinterventions (8.3% [95% CI: 
0–21.4%] vs. 4.0% [95% CI: 2.2–6.4%]) [21–23, 25–30, 33, 

Table 2. Primary outcomes according to treatment and tumor location

Mortality Pooled mortality (95% CI) I2, %

Endoscopic studies
Overall 6.4 (3.8–9.6) [21–32, 34–36, 39–41, 44–46, 48–52] 57
AL after esophageal tumor 6.2 (2.2–11.3) [26–28, 30–32, 34, 41, 44, 46, 48, 51, 52] 66
AL after gastric tumor 6.3 (0.3–0.14.8) [35, 36, 39, 40, 45] 53
EVT 6.0 (1.8–11.4) [22, 44, 46, 48, 49] 10
Stent placement 8.6 (4.6–13.4) [21–23, 25–31, 34, 36, 40, 41, 45, 48, 50–52] 61

Surgical studies
Overall 35.8 (23.9–48.5) [26, 27, 31, 37–40, 45, 47, 48, 51] 52
AL after esophageal tumor 33.3 (18.3–49.6) [26, 27, 31, 38, 47, 48, 51] 55
AL after gastric tumor 42.3 (17.4–68.6) [37, 39, 40, 45] 61

Clinical success Pooled clinical success rate (95% CI) I2, %

Endoscopic studies
Overall 83.2 (77.0–88.6) [21–30, 33–36, 39–42, 44–46, 49, 50, 52] 72
AL after esophageal tumor 86.6 (76.4–95.0) [26–28, 30, 34, 41, 42, 44, 46, 52] 78
AL after gastric tumor 80.0 (61.3–95.5) [35, 36, 39, 40, 45] 76
EVT 91.3 (79.2–99.6) [22, 33, 44, 46, 49] 77
Stent placement 81.5 (73.6–88.3) [21–23, 25–30, 33, 34, 37, 40–42, 45, 50, 52] 72

Surgical studies with >5 patients
Overall 82.2 (67.7–93.3) [38, 39, 45, 47] 41
AL after esophageal tumor 75.8 (45.4–98.7) [38, 47] 61
AL after gastric tumor 87.8 (64.8–100) [39, 45] 53
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34, 36, 40–42, 44–46, 49, 50, 52]. Moreover, EVT required 
1 to 18 sponges, while the number of stents ranged from 
1 to 7 (online suppl. Table 2).

EVT and stenting complications are shown in Table 4. 
The overall complications rate, considering the occur-
rence of migration of endoscopic device, stenosis, severe 
bleeding, perforation, or fistulization, was nonsignifi-
cantly lower in the EVT group (14.0% [95% CI: 3.2–
27.7%] vs. 32.6% [95% CI: 24.0–41.9%]) [21–23, 25, 26, 
28–30, 33, 34, 36, 40–46, 49–52]. Sensitivity analysis, ex-
cluding an outlier (Feith et al. [28], 67.0% of overall com-
plications after stenting), did not significantly affect the 
estimates. EVT was associated with a nonsignificantly 
lower migration rate compared to stenting. Sensitivity 

analysis excluding an outlier (Feith et al. [28], 53% migra-
tion after stent placement) did not significantly affect the 
estimates. Stenosis rate was nonsignificantly higher in the 
EVT group. Sensitivity analysis excluding two outliers 
(Min et al. [46], 35% stenosis after EVT; Ma et al. [43], 
43% stenosis after stent placement) found that stenosis 
rate was similar in EVT and stent studies. Other adverse 
events (severe bleeding, perforation, and fistulization) 
were infrequent (<3.5%) and were similar in EVT and 
stent groups.

There were no significant differences in terms of hos-
pital or ICU length of stay (Table 3). Freeman et al. [30], 
which included patients who underwent stent placement 
before being transferred from other facilities, reported a 

Weight, %
2.2
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4.7
2.8
3.2
3.7
4.4
4.4
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3.9
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4.2
3.2
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Fig. 2. Forest plot of in-hospital mortality according to treatment: (a) endoscopic treatment; (b) surgical treatment.
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shorter hospital length of stay (9.0 days [95% CI: 7.2–
10.8]); sensitivity analysis excluding this study did not 
significantly affect the estimates.

EVT was associated with a significantly shorter time 
until AL resolution compared with stenting (17.6 days 
[95% CI: 14.1–21.2] vs. 39.4 days [95% CI: 27.0–51.8]) 
(online suppl. Fig. 3) [22, 23, 28, 29, 33, 41, 42, 44, 46, 
49, 50, 52]. Sensitivity analysis excluding an outlier 
(Freeman et al. [30], 12 days until AL resolution after 
stent placement) did not significantly affect the esti-
mates. Mean time until oral intake, only reported in 4 
stent studies, ranged between 1.7 and 28.8 days [25, 36, 
40, 43].

Double-Arm Meta-Analysis
Meta-analysis of the studies directly comparing EVT 

with stent placement revealed that EVT was associated 

with nonsignificantly higher clinical success (OR 1.91 
[95% CI: 0.47–7.79]) [22, 33], lower in-hospital mortality 
(OR 0.39 [95% CI: 0.13–1.18]) [22, 48], and lower endo-
scopic (OR 0.21 [95% CI: 0.02–1.88]) (online suppl. Fig. 
4) and surgical (OR 0.45 [95% CI: 0.04–5.61]) reinterven-
tion rates [22, 33]. There were also nonsignificantly lower 
rates of migration of endoscopic device (OR 0.51 [95% CI: 
0.17–1.55]) and stenosis (OR 0.58 [95% CI: 0.09–3.97]), 
but a significantly lower rate of overall complications in 
the EVT group (OR 0.35 [95% CI: 0.13–0.95]) (online 
suppl. Fig. 5) [22, 33].

EVT was associated with nonsignificantly shorter time 
until AL resolution (WMD –8.67 days [95% CI: −22.54 to 
5.20]) [22, 33] and shorter hospital length of stay (WMD 
–12.98 days [−31.27 to 7.98]) (online suppl. Fig. 6) [22, 
33, 48]. There was a significantly shorter ICU length of 
stay in the EVT group compared to the stent group 

Weighted mean (95% CI) I2, %

Hospital length of stay, days
Endoscopic treatment 45.9 (35.9–55.9) [22, 26, 30, 33, 35, 39–41, 43, 44, 46, 48, 51] 97
EVT 51.4 (45.1–57.7) [22, 33, 44, 46, 48] 32
Stent placement 44.6 (31.8–57.4) [22, 26, 30, 33, 40, 41, 43, 48, 51] 97
Surgical treatment 41.9 (30.9–52.9) [39, 47, 48, 51] 72

ICU length of stay, days
Endoscopic treatment 19.5 (13.0–26.0) [22, 48, 50] 69
EVT 18.1 (3.8–32.5) [22, 48] 87
Stent placement 21.1 (12.7–29.5) [22, 48, 50] 41
Surgical treatment 21.7 (3.4–40.1) [47, 48] 86

Pooled prevalence (95% CI) I2, %

Overall complications
EVT 14.0 (3.2–27.7) [22, 33, 44, 46, 49] 65
Stent placement 32.6 (24.0–41.9) [21-23, 25, 26, 28-30, 33, 34, 37, 40-43, 45, 50-52] 75

Migration
EVT 6.1 (0.8–13.9) [22, 33, 44, 46, 49] 80
Stent placement 21.5 (13.5–30.8) [21–23, 25, 26, 28–30, 33, 34, 36, 40–43, 45, 50–52] 41

Stenosis
EVT 8.1 (0–20.2) [22, 33, 44, 46, 49] 32
Stent placement 4.9 (2.6–7.7) [21–23, 25, 26, 28–30, 33, 34, 36, 40–43, 45, 50–52] 69

Severe bleeding
EVT 1.1 (0–3.8) [22, 33, 44, 46, 49] 0
Stent placement 2.0 (0.8–3.6) [21–23, 25, 26, 28–30, 33, 34, 36, 40–43, 45, 50–52] 10

Perforation
EVT 1.1 (0–3.8) [22, 33, 44, 46, 49] 0
Stent placement 1.7 (0.7–3.0) [21–23, 25, 26, 28–30, 33, 34, 36, 40–43, 45, 50–52] 0

Fistulization
EVT 1.1 (0–3.8) [22, 33, 44, 46, 49] 0
Stent placement 3.2 (1.9–5.0) [21–23, 25, 26, 28–30, 33, 34, 36, 40–43, 45, 50–52] 0

Table 3. Hospital and ICU length of stay 
according to treatment

Table 4. Complications according to 
treatment
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(WMD –14.77 days [95% CI: −26.57 to −2.98]) (online 
suppl. Fig. 7) [22, 48].

Other Endoscopic Treatments
Some of the included studies focused on other endo-

scopic treatments besides stents and EVT, namely clips, 
fibrin glue, argon plasma coagulation, and multimodal 
modalities that were not included in meta-analysis due to 
the reduced number of studies on these treatments. There 
were no deaths directly related to any of these treatments. 
Clipping and fibrin glue had clinical success in 66.7% and 
78.6% of the patients, respectively. Multimodal modali-
ties had higher rates of clinical success ranging from 
80.0% to 96.0%. Details on the outcomes of these treat-
ments are shown in online supplementary Table 3.

Discussion

This systematic review and meta-analysis evaluated 
the efficacy of endoscopic and surgical interventions in 
the management of AL after gastroesophageal cancer sur-
gery. Even though there have been some reviews regard-
ing the treatment of AL, to our knowledge, this is the first 
meta-analysis simultaneously comparing (1) endoscopic 
versus surgical interventions and (2) EVT versus stent 
placement in this specific context.

Our results demonstrated that endoscopic treatment, 
in comparison to surgical intervention, was associated 
with a significantly lower in-hospital mortality rate. How-
ever, no significant differences were found between these 
treatments in terms of clinical success, surgical reinter-
ventions, hospital length of stay, and ICU length of stay. 
The decreased mortality found in the endoscopic therapy 
group may be related with the lesser invasiveness of these 
therapies, although it is also possible that there are differ-
ences in the clinical status and/or dehiscence characteris-
tics of the patients between the two groups that may con-
tribute to this difference in mortality. For instance, Sch-
weigert et al. [51] found that patients in the surgical group 
were generally in worse condition, being more frequently 
septic. A recent cohort study also concluded that AL with 
a more severe initial presentation (i.e., requiring opera-
tive management) was associated with a lower rate of pri-
mary management success [53]. In our meta-analysis, 
however, most studies did not present data on AL size or 
clinical status at presentation.

The use of stents for the treatment of postoperative 
esophagogastric AL has already been established [54]. 
However, recent systematic reviews have shown that EVT 

is associated with improved rates of AL closure, lower 
mortality, and lower rates of adverse events, when com-
pared to stenting [16–19]. The differences we found, even 
though not always statistically significant, are consistent 
with the aforementioned previous literature.

We found a nonsignificantly higher clinical success 
rate and a nonsignificantly lower in-hospital mortality 
rate for EVT compared to stent placement. As EVT is a 
relatively new technique, it is possible that the first studies 
evaluating this method included patients in which a fa-
vorable outcome was expected (selection bias), thus influ-
encing the results [16].

Our single-arm meta-analysis revealed no significant 
differences between EVT and stent placement in terms of 
reinterventions or complications. However, there was a 
significantly lower rate of overall complications in the 
EVT group, although this difference is mainly explained 
by a single study, which had a weight of 89.6% [22].

We found that EVT was associated with a significantly 
shorter time until AL resolution compared with stent 
placement. This might be due to the fact that, in EVT, 
sponges were changed frequently, usually every 72–120 h, 
until successful healing of the AL [22, 33, 44, 46, 49]. In 
contrast, the stents usually remain in place for 4–8 weeks 
until follow-up endoscopy with stent change or stent re-
moval [27, 28]. Therefore, we cannot exactly ascertain the 
moment when AL closure was achieved in the case of 
stent placement. As pointed out by Scognamiglio et al. 
[16], a more adequate outcome parameter to measure the 
success of therapy would be the time until resolution of 
AL-associated symptoms or the time until start of oral 
nutrition. However, none of the studies reported time un-
til resolution of AL-associated symptoms, but 4 stent 
studies presented the mean time until oral intake, which 
ranged from 1.7 to 28.8 days (lower than the reported 
time until to AL resolution).

As sponge changes are much more frequent than stent 
replacement, EVT requires a higher number of endo-
scopic devices and procedures. This offers the possibility 
to assess the wound regularly, which might help in detect-
ing complications before their progression, which might 
contribute to the lower rate of overall complications in 
EVT studies. In addition, it allows endoscopic lavage and 
debridement at each sponge exchange, which has been 
shown to reduce pleural inflammation and leakage-asso-
ciated mortality [55]. However, the higher number of en-
doscopic procedures and devices increases the cost of 
EVT, which has been shown to be twice the cost of stent 
placement [56]. Regarding hospital and ICU length of 
stay, there were no significant differences between EVT 
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and stent placement in single-arm studies, although in 
comparative studies EVT was associated with a signifi-
cantly shorter ICU length of stay compared to stenting.

Our study has some limitations. Included studies are 
mostly retrospective, single-arm, and/or include a small 
sample size. In addition, one problem that led to limited 
comparability of several outcomes was the fact that their 
definitions were heterogenous or absent in many studies. 
Another limitation was the heterogeneity found on most 
analyses that did not decrease when stratifying by tumor 
location. Variables such as presence of comorbidities, di-
mensions and location of AL, time until diagnosis, or 
time until treatment have differences between studies and 
may also contribute for heterogeneity. Moreover, where-
as stent placement is quite standardized and reproduc-
ible, EVT procedure may differ between institutions in 
terms of the magnitude of negative pressure, interval be-
tween sponge changes and placement of the sponge (ex-
tra- or intraluminal). A fourth limitation refers to the rel-
atively low number of EVT studies and patients, which 
may have led to underpowerment to detect existent dif-
ferences.

In conclusion, we found that endoscopic treatment 
was associated with a lower in-hospital mortality com-
pared to surgical intervention. EVT is associated with a 
lower rate of overall complications and a shorter ICU 
length of stay compared to stenting. Other differences, 
although not statistically significant, seemed to point to a 
greater suggest similar efficacy and better safety profile of 
endoscopic treatment when compared to surgical inter-
vention and of EVT compared to stenting. These findings 
can help in the definition of standardized treatment algo-
rithms.

Although EVT seems like a promising treatment, the 
lack of comparative studies and standardization of clini-
cal conditions poses a challenge in making definite con-
clusions. Therefore, it is essential to develop more robust 
prospective randomized comparative studies with stan-
dardized interventions and outcomes in order to com-

pare EVT with other modalities and define which is the 
best treatment in specific situations (according to patient 
and leak characteristics).
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