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Abstract

Introduction Esophagogastric anastomosis during esophagectomy is a technically demanding step, carrying a high compli-
cation rate. Numerous techniques for anastomosis fashioning have been described, including hand-sewn (HS) and stapled
(ST) anastomosis however, the optimal method remains uncertain.

Purpose Analyse short-term outcomes for ST vs. HS anastomosis.

Methods Systematic review and meta-analysis of randomized controlled trials (RCTs). PubMed, Scopus, Web of Science,
Cochrane Central Library, and ClinicalTrials.gov were queried. Primary outcomes were anastomotic leak (AL) and stricture
(AS).

Results Twelve RCTs (2015 patients) were included. All trials were deemed to have an intermediate risk of bias. ST
anastomosis was performed in 51.9%. The age of the patient population ranged from 37 to 88 years and 73% were males.
Squamous cell carcinoma was diagnosed in 76.9% of patients. Neoadjuvant therapy was completed in 32.9%. Ivor-Lewis
or McKeown esophagectomy were performed with thoracic (57.2%) or cervical (42.8%) anastomosis. No significant differ-
ences were found for ST vs. HS anastomosis for AL (RR 0.97; 95% CI 0.70—1.35) and AS (RR 1.47; 95% CI 0.96-2.23).
Further, no differences were found for cardiovascular complications (RR 1.09; p=0.59), pulmonary complication (RR 1.12;
p=0.28), length of stay (SMD 0.03; p=0.69), and 30-day mortality (RR 1.30; p=0.18). Operative time was shorter in ST
anastomosis (SMD —0.11; p=0.002).

Conclusions ST and HS esophagogastric anastomosis yield comparable rates of AL, AS, postoperative complications, and
in-hospital mortality. The use of ST anastomosis may result in a shorter operative time. The choice of technique should be
determined by the surgeon’s expertise and clinical scenario.

Keywords Esophageal cancer - Esophagectomy - Anastomotic leak - Anastomotic stenosis - Postoperative complications

Introduction

Esophageal cancer ranks as the sixth most prevalent malig-
nancy globally and is the eighth leading cause of cancer-
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as well as disease-free survival [4,70]. Anastomotic stricture
(AS) has been reported in up to 30% of cases [5, 6], often
requiring endoscopic dilation and negatively affecting post-
operative recovery, nutritional status, and quality of life [7].

Numerous techniques for esophagogastric anastomosis
have been described, including hand-sewn (HS) and stapled
(ST) anastomosis, each presenting distinct advantages and
limitations in both thoracic and cervical settings [8]. The
optimal method for esophageal anastomosis remains uncer-
tain, as existing studies offer conflicting evidence and no
definitive conclusions regarding superior outcomes leav-
ing the choice of technique on the surgeon’s expertise and
personal preference [9]. In recent decades, there has been a
gradual shift from HS to ST techniques, driven by advance-
ments in stapling technology and efforts toward standard-
izing practices [10]. Nevertheless, the recent introduction of
robotic platforms—offering enhanced visualization, preci-
sion, and dexterity—has led to renewed interest in the HS
anastomosis technique [11, 12].

This systematic review and meta-analysis seek to provide
updated insights into the comparative short-term outcomes
of ST versus HS anastomosis in patients undergoing esoph-
agectomy for resectable esophageal cancer in the setting of
randomized controlled trials (RCTs).

Materials and methods

A systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [13]. Literature
searches were performed using PubMed, Scopus, Web of
Science, Cochrane Central Library, Google scholar, and
ClinicalTrials.gov, with the final search date set as 10 Janu-
ary 2025. The search terms included “Esophagectomy,”
“Esophageal,” “Esophagus,” “Cancer,” “Hand-sewn,” “Sta-
pler,” “Anastomosis,” “Anastomotic,” and “Leak”. These
were used in combination with the Boolean operators AND
or OR. Details of the comprehensive literature search are
provided in Appendix 1. Relevant studies reporting short-
term outcomes after esophageal resection for cancer and
comparing HS vs. ST anastomoses, were selected. All titles
were screened, relevant abstracts were reviewed, and ref-
erence lists of each article were independently assessed by
three authors (AA, MC, and MM). The review protocol was
registered with PROSPERO CRD420250654558.

Eligibility criteria
Inclusion criteria: (a) RCTs evaluating short-term outcomes

following esophagectomy for cancer in adult patients (=18
years), comparing ST) versus HS anastomosis; (b) articles
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written in English; (c) when two or more papers were pub-
lished by the same institution, study group, or used the same
data-set, articles with the longest follow-up or the largest
sample size; (d) in case of duplicate studies with accumu-
lating numbers of patients, only the most complete reports
were included for quantitative analysis. Exclusion criteria:
(a) non-English written; (b) conference abstracts, review
articles, and case reports; (¢) studies that doesn’t report a
comparison between previously mentioned anastomotic
techniques; (d) non RCTs study.

Data extraction

The following data were extracted: authors, year of publi-
cation, demographic characteristic of the included patients,
tumor location, perioperative therapy, tumor histology,
pathologic tumor stage, surgical radicality and surgical
approach, operative time (minutes), hospital stay, short-
term outcomes, and in-hospital mortality.

Outcome of interest and definitions

The primary outcome assessed was AL. Secondary out-
comes included AS, mortality, cardiopulmonary complica-
tions, hospital length of stay and operative time. AL was
defined as evidence of contrast extravasation at postopera-
tive swallow study and/or CT-scan, or endoscopic visual-
ization of anastomotic dehiscence/fistula, or visible loss
of digestive secretions through surgical drains combined
with clinical signs. AS was defined based on the need for
endoscopic dilatation or evidence of reduced anastomosis
diameter at postoperative endoscopic or swallow studies
assessment. Cardiovascular complication was defined as
postoperative myocardial infarction, stroke, peripheral limb
ischemia, thrombotic events, and pulmonary embolism.
Pulmonary complication was defined as pneumonia, pleu-
ral effusion with lung atelectasis, acute respiratory distress
syndrome (ARDS), and respiratory failure requiring reintu-
bation. Esophageal cancer was defined as any primary his-
topathologically verified neoplasm situated in the cervical,
thoracic, and distal esophagus or gastroesophageal junction
(Siewert I-II).

Quality assessment

Three authors (AA, MC, GB) independently assessed
the methodological quality of the selected trials by using
the Cochrane risk of bias tool II [14]. This tool evaluates
five domains: (1) bias of randomization; (2) allocation
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concealment; (3) bias due to missing outcomes; (4) bias in
the measurements of outcomes; and (5) bias in selection of
the reported results. Thus, each RCT was graded as hav-
ing low, moderate, or high risk of bias [15]. Disagreements
were solved by discussion.

Statistical analysis

The results of the systematic review were summarized
quantitatively into frequentist random effect meta-analysis
of pooled risk ratio (RR) and standardized mean difference
(SMD). An inverse-variance method and DerSimonian—
Laird estimator for the variance of the true effect size (%)
were performed [16]. Heterogeneity among studies was
evaluated by the I? index and Cochran’s Q test. Statistical
heterogeneity (I°) was stratified as low (< 25%), moderate
(25-75%), or high and significant when p < 0.10 [17, 18].
The Wald-type 95% confidence interval (CI) was computed
for pooled measurements; otherwise, the 95% CI for the
I2 index was calculated according to Higgins and Thomp-
son [18]. The prediction interval for the treatment effect of

a new study was calculated according to Borenstein et al.
[17]. As the sample size was not the same in all studies,
we performed a sensitivity analysis by excluding one study
each time and rerunning the analysis to verify the robust-
ness of the overall results. The publication bias was also
investigated with the trim and fill funnel plot and Egger test.
A two-sided p value was considered statistically significant
when p < 0.05. All analyses and figures were carried out
using the R software program, version 3.2.2 [19].

Results
Literature search

The PRISMA flow chart is reported in Fig. 1. Overall, 5443
publications were identified. After duplicates removal, 5438
titles were screened. After title and abstract evaluation 18
articles were found possibly relevant for full-text assess-
ment. After full-text analysis, 12 [20-31] studies meet the

Fig. 1 The Preferred Reporting
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inclusion/exclusion criteria and were encompassed in the
quantitative synthesis.

Risk of bias assessment

The quality of included RCTs is reported in Supplementary
Table 1. All RCTs had a single-center design. Randomiza-
tion methods were specified in nine RCTs [20-22, 24, 25,
27, 28, 30, 31], while details on the blinding of periop-
erative outcomes were provided in one study [31]. Power
analysis was clarified in five RCTs [20, 28-31]. Three RCTs
provide specific data regarding the operating surgeon pro-
ficiency [20, 23, 31] whereas none reported specific details
regarding the surgical quality control. Given all these limi-
tations regarding randomization, power analysis, blinding,
outcomes assessment and lack of quality controls all the
included trials were deemed to have an intermediate risk of
bias (Supplementary Fig. 1).

Systematic review

Overall, 2015 patients that underwent esophagectomy for
cancer were included (Table 1 [20-31]). Of those 1045
(51.9%) underwent ST while 970 (48.1%) underwent HS
anastomosis. The age of the patient population ranged
from 37 to 88 years, the majority (72.7%) were males. The
preoperative BMI was not reported in any of the included
trials and the ASA score was reported in one study [31].
Tumor histology was specified in 6 studies [21, 23-25, 29,
31]; squamous cell carcinoma and adenocarcinoma were
diagnosed in 76.9% and 20.7% of patients, respectively.
Pathological tumor staging according to the 7th edition of
the American Joint Committee on Cancer (AJCC) and 6th
Union for Internation Cancer control (UICC) was detailed
in 8 studies [21, 24-26, 29-31] (stage 0-1: 16.8%, stage 1I:
39.7%, stage III: 43.2%, and stage IV: 0.3%). The tumor
was located in the upper (5.6%), middle (57.5%), and lower
(36.9%) esophagus. Neoadjuvant chemotherapy or chemo-
radiation therapy was defined in 5 studies [23, 24, 28, 30,
31] (891 patients) and completed in 32.9% of patients with
heterogeneous strategies (i.e. protocols, regimens, dosages,
radiation fractioning, etc.). Open Ivor-Lewis or McKeown
esophagectomy were performed depending on operat-
ing surgeon preference, tumor location, and histology, all
procedures and anastomoses were performed with open
technique. Cervical and intrathoracic anastomosis were
fashioned in 42.8% and 57.2% of patients, respectively.
The technique for anastomosis was detailed in all studies;
HS anastomosis was performed with one layer in six stud-
ies and two layers in five studies with both absorbable and
non-absorbable sutures as per operating surgeon preference.
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Circular stapled end-to-end or end-to-side anastomosis with
diverse stapling devices and size was described in 10 stud-
ies [20-27, 29, 30]. Linear stapled anastomosis was labeled
in 2 studies [28, 31] both performing cervical Orringer or
Collard side-to-side anastomosis (Supplementary Table 2).

Meta-analysis — primary outcomes

AL was reported in all studies (2015 patients). The cumula-
tive incidence of AL was similar between ST and HS anas-
tomosis (6.9% vs. 7.5%). No significant differences were
found for ST vs. HS (RR 0.97; 95% CI 0.70-1.35; p=0.857)
(Fig. 2A). The prediction lower and upper limits were 0.60
and 1.56, respectively. The heterogeneity was 21% (I=21%)
and ©2=0.01. The funnel plot (Fig. 2B) and the Egger test
(p=0.95) did not show evidence of publication bias. The
sensitivity analysis showed the robustness of these findings
in terms of point estimation, relative confidence intervals,
and heterogeneity. No differences were found for ST vs. HS
after stratification for cervical (4 studies) (RR 1.30; 95% CI
0.87-1.92; p=0.727; 1*=0.0%) and thoracic anastomosis (3
studies) (RR 1.76; 95% CI 0.39-7.99; p=0.182 1°=41.2%).

AS was reported in all studies and for 1863 patients
(considering lost at follow-up). The cumulative incidence
of AS was similar between HS and ST anastomosis (4.7%
vs. 7.3%). No significant differences were found for ST
vs. HS (RR 1.47; 95% CI 0.96-2.23; p=0.073) (Fig. 3A).
The prediction lower and upper limits were 0.42 and 5.17,
respectively. The heterogeneity was moderate (I°=254.7%)
and 1°=0.28. The funnel plot (Fig. 3B) and Egger’s test
(p=0.04) suggest potential asymmetry, which may indicate
the presence of publication bias. Nevertheless, sensitivity
analyses confirmed the robustness of the findings in terms of
point estimates, confidence intervals, and heterogeneity. No
differences were found for ST vs. HS after stratification for
cervical (4 studies) (RR 1.53; 95% CI 0.75-3.11; p=0.451;
12=72.2%) and thoracic anastomosis (3 studies) (RR 1.61;
95% CI 0.49-4.27; p=0.197 I*=38.4%).

Meta-analysis — secondary outcomes

No significant differences were found for ST vs. HS anasto-
mosis when considering cardiovascular complications (RR
1.09; p=0.59), pulmonary complication (RR 1.12; p=0.28),
HLOS (SMD 0.03; p=0.69), and 30-day mortality (RR
1.30; p=0.18) (Table 2). OT was significantly shorted in
ST vs. HS anastomosis (SMD —0.11; 95% CI -0.21, -0.03;
p=0.002).
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L HS Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Valverde et al 1996 12 78 12 74 — 0.95 [0.46; 1.98] 18.3% 17.9%
Law et al 1997 3 61 1 61 — 3.00 [0.32; 28.04] 2.0% 2.2%
Laterza et al 1999 4 20 T 21 ————— 420 [0.51; 34.44] 2.2% 2.4%
Walther et al 2003 0 42 1 # 0.33 [0.01; 7.79] 1.0% 1.1%
Hsu et al 2004 8 31 T 32 —— 1.18 [0.49; 2.86] 12.5% 12.8%
Okuyama et al 2007 1 14 3 18 — % 0.43 [0.05; 3.69] 2.1% 2.3%
Luechakiettisak et al 2008 2 58 4 59 — 0.51 [0.10; 2.67] 3.6% 3.9%
Zhang et al 2010 6 272 1 244 —+—— 5.38 [0.65; 44.39] 2.2% 2.4%
Saluja et al 2012 17 87 14 87 —— 1.21 [0.64; 2.31] 23.9% 22.6%
Wang et al 2013 1 92 3 %2 —m—— 0.19 [0.02; 1.77] 2.0% 2.2%
Liuetal 2015 7 241 17 237 — ] 0.40 [0.17; 0.96] 13.3% 13.4%
Nederlof et al 2020 12 49 9 44 = 120 [0.56; 2.57] 16.9% 16.8%
Common effect model 1045 970 0.97 [0.71; 1.33] 100.0% .
Random effects model 0.97 [0.70; 1.35] 100.0%
Prediction interval [0.60; 1.56]
Heterogeneity: I° = 21.0% [0.0%; 59.4%), T = 0.0187, p = 0.2374
Test for overall effect (common effect): z =-0.17 (p = 0.8660) 01 051 2 10

Test for overall effect (random effects). z = -0.18 (p = 0.8575)

Fig. 2 Anastomotic leak. Forrest A and Funnel B plot. RR: Risk ratio; 95% CI: Confidence Interval

Discussion

This meta-analysis indicates that ST and HS esophagogas-
tric anastomosis yield comparable rates of AL, AS, postop-
erative complications, and in-hospital mortality. The use of
ST anastomosis may result in a shorter operative time.
Esophagogastric anastomosis is regarded as the most
technically demanding step of esophagectomy [32]. AL is a
major complication, with reported incidence rates between
10% and 20% [1]. This complication is associated with
increased postoperative morbidity, elevated mortality rates,
prolonged hospitalizations, and higher healthcare costs [4,
5, 33, 34]. Moreover, AL has been shown to negatively
affect long-term quality of life and oncological outcomes
[4, 7]. Several factors may contribute to anastomotic fail-
ure, including the absence of a serosal layer and longitudi-
nal orientation of muscle fibers, tension at the anastomotic
site, anatomical location (cervical vs. thoracic), insufficient
blood supply to the gastric conduit, surgical approach,
malnutrition, and patient comorbidities [35-37]. Addition-
ally, emerging evidence suggests that the gut microbiome
may influence suture line healing and potentially contrib-
ute to anastomotic breakdown [38]. The specific technique
employed for esophagogastric anastomosis has also been
examined in prior studies as a variable that may affect leak-
age and stenosis [39]. ST and HS anastomosis are widely
utilized globally, with selection often guided by the operat-
ing surgeon’s preference. However, despite a recent gradual
shift toward ST anastomosis, definitive evidence favoring
one technique over the other remains to be established. In
our study, the estimated incidence of AL for HS and ST anas-
tomosis was 7.5% and 6.9%, respectively. No significant
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differences were found in the quantitative analysis (RR
0.97) with a low related heterogeneity (I> = 21%). Our find-
ings are similar to what previously reported by Markar et al.
[40] who concluded similar postoperative odds for AL com-
paring HS vs. ST (OR 1.06, 95% CI = 0.62—1.80, p = 0.83).
Similar results were found by Honda et al. [41] that con-
cluded equivalent AL rates for ST vs. HS anastomosis (RR
1.02, 95% CI: 0.66—1.59). In contrast Jarvinen et al. [42]
concluded higher leak rates for HS compared to ST anas-
tomosis (OR 2.02; 95% CI 1.48-2.75). Since our findings
indicate no significant difference in postoperative AL rates
between HS and ST anastomosis techniques, we can argue
that the choice of technique to fashion the anastomosis has
minimal effect on the risk of postoperative AL.

In current literature, AS has been documented in up to
30% of cases, frequently necessitating endoscopic dila-
tion. This complication may adversely impact postoperative
recovery, nutritional status, and overall quality of life. In
the present study, we observed a comparable postoperative
AS risk between ST and HS anastomoses (RR 1.47). The
heterogeneity among studies was moderate (1>=54%) how-
ever, the sensitivity analysis confirmed the robustness of
the point estimate and 95% confidence intervals. Notably,
the point estimate was above 1 thus suggesting a potential
clinical trend toward an increased risk of AS following ST
as compared to HS anastomoses. This effect may be influ-
enced by the prevalent use of circular stapled anastomoses
rather than linear stapled techniques in the included RCTs.
According to previous studies, the use of circular staplers
for esophagogastric anastomosis might be associated with
an increased risk of postoperative stenosis compared to lin-
ear and HS anastomosis [43]. This effect is attributed to a



Updates in Surgery (2026) 78:95-106 101
o |
o ™
’ (-]
’ a o
- ,9'/ °
: ;
5
5
‘E
S °
5 .
0] o | Fd
- ° © ]
’ ° ]
w |
o
T T T T T T T T T
0.05 0.10 020 050 1.00 200 5.00 10.00 20,00
Risk Ratio
Fig. 2 (continued)
ST HS
Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Valverde et al 1996 T 8 63 —— 1.04 [0.40; 2.68] 7.5% 8.9%
Law et al 1997 20 50 5 55 —— 4.40 [1.79;10.84] 8.2% 9.3%
Laterza et al 1999 3 18 2 20 — 1.67 [0.31; 8.87] 2.4% 4.5%
Walther et al 2003 12 42 8 41 | 1.46 [0.67; 3.21] 10.9% 10.4%
Hsu et al 2004 5 28 4 28 1.25 [0.37; 4.17] 4.6% 6.9%
Okuyama et al 2007 2 14 0 18 5.57 [0.33;93.14] 0.8% 2.0%
Luechakiettisak et al 2008 19 52 10 52 1.90 [0.98; 3.68] 15.2% 11.6%
Zhang et al 2010 13 261 2 236 - 5.88 [1.34;25.77] 3.1% 5.4%
Saluja et al 2012 7 81 17 82 —&] 042 [0.18; 0.95] 9.8% 10.0%
Wang et al 2013 9 92 5 52 1.02 [0.36; 2.88] 6.2% 8.1%
Liuetal 2015 31 219 16 213 I B 1.88 [1.06; 3.34] 20.4% 12.5%
Nederlof et al 2020 9 49 11 44 —‘--f 0.73 [0.34; 1.60] 11.0% 10.4%
]
Common effect model 959 904 <}> 144 [1.11; 1.87] 100.0% .
Random effects model > 1.47 [0.96; 2.23] 100.0%
Prediction interval — [0.42; 5.17]
Heterogeneity: 12 =54.7% [13.1%; 76.3%]), rz =0.2816,p = 0.0117
Test for overall effect (common effect): z = 2.77 (p = 0.0056) 051 2 10

Test for overall effect (random effects): z = 1.79 (p = 0.0731)

Fig. 3 Anastomotic stricture. Forrest A and Funnel B plot. RR: Risk ratio; 95% CI: Confidence Interval

reduced anastomotic diameter, greater incidence of staple
line scarring/fibrosis, and a lack of mucosa-to-mucosa appo-
sition. Further, the circular stapled technique produces an
inverted anastomosis in which the esophageal and gastric
mucosal margins are separated by muscle layers, potentially
resulting in higher rates of stricture formation. Our find-
ings seem to align with those reported by Markar et al. [40]
(OR 1.76; 95% CI, 1.09-2.86; p = 0.02) and Honda et al.
[41] (RR 1.67; 95% CI 1.16-2.42), both demonstrating a

higher risk of AS following ST in comparison to HS anas-
tomosis. Although heterogeneity was low to moderate, our
findings should be interpreted with caution due to potential
confounding factors. These include tensions-free visceral
approximation with visceral size matching, adequate blood
supply at the apex of the gastric conduit [44], patient age
and comorbidities, steroid administration, body morpho-
metrics with poor nutritional status, medical history (i.e.
diabetes, peripheral vasculopathy), intraoperative variables
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Fig. 3 (continued)

Table 2 Summary of the analysis of the categorical and continuous
outcomes comparing HS vs. ST

Outcomes No. No. Heterogeneity
Studies pts (%) 95%
Cl
Mortality 11 1871 1.30(0.88; 0 0-60
1.93)*
Cardiovascular 7 1502 1.09 (0.80; 0O 0-71
complications 1.49)*
Pulmonary 9 1656 1.12(091; 0 0-65
complications 1.37)¢
Operative time 10 1890 -0.11 (-0.21; 0 0-62
(min) -0.03) "
HLOS (day) 5 891 0.03(-0.10; 0 0-79
0.16) *

# Risk ratio, * Standardized mean difference, (95% Confidence Inter-
val), I? Heterogeneity

(i.e. blood transfusion, intraoperative hypotension), varia-
tions in anesthesia protocols, epidural catheter utilization,
neoadjuvant therapy, and tumor characteristics (i.e. RO).
Further, it is important to carefully assess the absence of
standardized anastomotic techniques, as inter-operator dif-
ferences exist (e.g., single-layer versus dual-layer), along
with variability in circular stapler sizes (21 mm, 25 mm,
28 mm, and 31 mm), types of stapling devices (such as
purse-string suture, EEATM, OrvilTM), and incidence
of postoperative leaks [45, 46]. The anastomosis location
is a significant factor influencing the incidence of postop-
erative AL and AS, with cervical anastomoses demonstrat-
ing a higher susceptibility to such complications [47-51].

@ Springer

Risk Ratio

Importantly, subgroup analysis based on anastomosis site
(cervical versus thoracic) yielded comparable outcomes.
The selection of cervical versus thoracic anastomosis in
the referenced studies was not randomized but determined
by tumor characteristics/location, and surgeon preference
with a risk for selection bias. Notably, other than oncologi-
cal considerations, some technical issue should be consid-
ered when choosing the anastomotic technique in relation
to the anatomical location and some clinical considerations
[52]. For instance, circular staplers are advantageous for
constructing anastomoses at the apex of the thorax (cupula
pleuralis) however the anastomotic lumen is dependent on
the original esophageal diameter with problems related to
possible size mismatch [53]. Conversely, HS and linear
stapled anastomoses generate larger luminal diameters thus
minimizing possible issues related to visceral mismatch.
However, these techniques necessitate a longer esophageal
remnant, posing challenges to the creation of a well-aligned,
high intra-thoracic tension-free anastomosis due to spatial
constraints. The choice of surgical approach can impact the
anastomotic technique. Evidence indicates that both circular
and linear stapled anastomoses are generally preferred for
transthoracic minimally invasive esophagogastric proce-
dures due to the complexity of suturing within a rigid ana-
tomical compartment using non-articulated instruments [43,
54]. Conversely, the robotic transthoracic approach offers
enhanced surgical stability, allowing for greater precision
and instrument dexterity, which facilitates direct suturing
[55, 56].
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No differences were found in term of postoperative car-
diovascular and pulmonary complications with equivalent
hospital length of stay and in-hospital mortality rates. How-
ever, we observed a significantly shorter OT for ST com-
pared to HS anastomosis (SMD — 0.11; p = 0.002). This
finding might reflect the reduced time to complete the anas-
tomosis in a stapled fashion as described by Walther [23]
and colleagues that concluded a significantly longer time to
perform a manual single-layer compared to a stapled anas-
tomosis (28 vs. 15 min; p < 0.001). Also Saluja et al. [28]
concluded a significantly reduce time to complete a stapled
compared to a double-layer manual anastomosis (27 vs. 25
min; p = 0.02). Our findings are in accordance with Honda
et al. [41], who reported a notably reduced OT for ST ver-
sus HS anastomosis (mean difference: — 15.3 min; range:
—28.1 to — 2.39). Also Markar et al. concluded significantly
reduced OT for ST vs. HS anastomosis (weighted mean
difference — 1.56; p = 0.04). The decreased operative time
likely reflects less tissue manipulation and a more standard-
ized approach associated with ST anastomosis compared to
the HS technique.

It is important to recognize that both AL and AS are influ-
enced not only by the anastomotic technique itself but also
by factors such as surgeon proficiency, the learning curve,
structured training or mentorship programs, and hospital
case volumes [57-59]. Achieving optimal surgical outcomes
following esophagectomy depends significantly on surgical
volume and the expertise of the operating surgeon. Evidence
indicates that centralizing cases in high-volume centers con-
tributes to lower mortality rates and may enhance overall
outcomes [60, 61]. Notably, studies have shown that dur-
ing the learning curve, AL rates decrease from 18% in the
initial phase to 4.5% after 119 cases [62]. These observa-
tions underscore that AL and AS metrics do not exclusively
reflect technical choices but are substantially affected by the
learning curve and the surgeon’s experience. Furthermore,
advancements such as fluorescence imaging with indocya-
nine green for gastric conduit perfusion assessment [63—65]
and the implementation of robot-assisted esophagectomy
[66, 67] could provide additional improvements in patient
outcomes.

The study was conducted in accordance with PRISMA
guidelines, following the comprehensive methodology
established by the PROSPERO protocol. This process
included thorough outcome measures and quality assess-
ments at the study level, specifically addressing risk of
bias for each included RTC. The selection criteria led to a
relatively homogenous population for primary outcomes,
as indicated by low to moderate heterogeneity. Nonethe-
less, certain limitations warrant consideration. First, varia-
tions in surgeon proficiency may influence postoperative
complication rates. Second, potential confounders—such

as inconsistencies in surgical approaches (e.g., Ivor Lewis
versus McKeown), anastomosis location (cervical or intra-
thoracic), and standardized postoperative management
protocols—could impact some of the assessed outcomes.
Importantly, as all included trials reported outcomes exclu-
sively for open esophagectomy, our findings should be
interpreted with caution in the context of minimally inva-
sive settings. Third, substantial technical variability existed
in anastomotic techniques due to individual surgeon prefer-
ences. Fourth, differences in the definitions and reporting
of outcomes among the included studies were observed and
might introduce publication bias. Fifth, the effects of neo-
adjuvant therapies on short-term postoperative outcomes
remain uncertain and require further investigation [68, 69].
Furthermore, there is a potential for temporal bias since the
included studies encompass more than thirty years, which
may result in heterogeneity related to chemoradiation pro-
tocols as well as intraoperative and postoperative manage-
ment approaches. Lastly, because the majority of studies
were conducted in Eastern countries, the applicability of
these findings to other populations may be limited.

Conclusions

This meta-analysis indicates that ST and HS esophagogas-
tric anastomosis yield comparable rates of AL, AS, postop-
erative complications, and in-hospital mortality. The use
of ST anastomosis may result in a shorter operative time.
Ultimately, the choice of technique should be determined
by the surgeon’s expertise and clinical scenario, as both ST
and HS anastomosis demonstrate safety and efficacy when
performed appropriately.
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