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Introduction

Background: Anastomotic leakage (AL) following esophagectomy represents a serious
complication that often results in prolonged hospitalization and necessitates repeated
interventions, including nothing-by-mouth (NPO) restriction, endoscopic vacuum thera-
py (EVT), or surgical repair. In this study, we evaluated the patterns and outcomes of AL
treatment.

Methods: We retrospectively reviewed the medical records of patients who underwent
esophagectomy for esophageal cancer at a single center between 2003 and 2020. Of 3,096
examined cases, 181 patients (5.8%) with AL were included in the study: 114 patients (63%)
with cervical anastomosis (CA) and 67 (37%) with intrathoracic anastomosis (TA).
Results: The incidence of AL was 11.9% in the CA and 3.2% in the TA group (p<0.001).
Among patients with CA who developed AL, 87 (76.3%) were managed with NPO, 15
(13.2%) with EVT, and 12 (10.5%) with surgical repair. Over 90% of patients with cervical
AL resumed an oral diet by the time of discharge, regardless of treatment method. Among
patients with TA and AL, 36 (53.7%) received NPO, 25 (37.7%) underwent EVT, and 6 (9%)
required surgery. Of these, 34 patients who were managed with NPO and 19 with EVT
could resume an oral diet. However, only 2 patients who underwent surgery resumed an
oral diet, and 2 patients required additional EVT.

Conclusion: Although patients with CA displayed a higher incidence of AL, their rate
of successful oral intake exceeded that of those with TA, regardless of treatment method.
Among patients exhibiting AL with TA, EVT was more commonly employed than in CA
cases, and it appears effective.

Keywords: Esophageal neoplasms, Esophagectomy, Anastomotic leak, Endoscopy, Vac-
uum-assisted closure

variations in AL incidence based on the location of the
anastomosis. Specifically, cervical anastomoses have tend-

Esophagectomy and esophagogastrostomy have been ad-
opted among curative treatment options for patients with
esophageal cancer [1]. Regardless of the anastomosis site,
anastomotic leakage (AL) is a highly troublesome compli-
cation, resulting in substantial morbidity, prolonged hospi-
talization, considerable medical expenses, and elevated
mortality rates [2].

AL can arise as a serious complication following esopha-
gectomy [3]. The reported incidence of AL ranges from
11.4% to 21.2% [4-7], and the associated mortality rates
span from 7.2% to 35% [2]. Prior research has identified

ed to exhibit a higher incidence of AL than intrathoracic
anastomoses [2,3]. The incidence of AL in cases involving
cervical anastomosis is reported to be between 6.6% and
17.2%, while for intrathoracic anastomoses, the incidence
ranges from 2% to 15.9% [2,8-12].

Both nonoperative and operative approaches are utilized
in the treatment of AL following esophagectomy. Nonoper-
ative strategies include conservative management and en-
doscopic intervention. Conservative management involves
a regimen of nothing by mouth (NPO) and nutritional
support through either tube feeding via jejunostomy or
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parenteral nutrition. Endoscopic options include the place-
ment of self-expandable metal stents and the application of
endoluminal vacuum-assisted therapy (EVT), as well as the
use of endoscopic clips and suturing techniques, alongside
other novel approaches. Of the various endoscopic tech-
niques, EVT is gaining prominence due to its excellent re-
ported outcomes. Surgical intervention may be indicated
for patients with sepsis or fulminant mediastinitis, or in
cases requiring conduit removal and replacement due to
AL caused by conduit necrosis. However, the current trend
among surgeons is to endeavor to preserve the gastric con-
duit whenever feasible.

This study was conducted to describe the clinical char-
acteristics of AL in patients who underwent esophagecto-
my as treatment for esophageal cancer, as well as to docu-
ment the patterns and outcomes associated with each
treatment modality for AL.

Methods
Patient selection

We conducted a retrospective review of patients who un-
derwent esophagectomy, utilizing data from the Registry
for Thoracic Cancer Surgery (RTCS) of Samsung Medical
Center. The RTCS is a repository of prospectively gathered
data regarding all patients who have undergone thoracic
surgery at our institution since 1994. Our review focused
on patients who underwent esophagectomy between Sep-
tember 2003 and December 2020 (N=3,096). For this anal-
ysis, we included patients who experienced AL (n=181,
5.8%) and excluded those with graft necrosis necessitating
conduit resection with diversion (n=15, 0.5%). This study
adhered to the principles outlined in the Declaration of
Helsinki. The requirement for informed consent was
waived following the approval of the institutional review
board of Samsung Medical Center (IRB approval no., 2023-
07-088-002).

Surgery

Mobilization of the conduit, either stomach or colon, was
achieved through an upper midline laparotomy. Most pa-
tients underwent esophagectomy via a transthoracic ap-
proach. To create the intrathoracic anastomosis, a connec-
tion between the conduit and the esophagus was established
using a circular stapler just below the thoracic inlet, ac-
cessed via right thoracotomy. The cervical anastomosis was
established on the left side of the neck through a cervical

incision, employing either hand-sewn techniques or circu-
lar stapling depending on the surgeon’s preference. The
hand-sewn technique was carried out using a continuous
running suture for the posterior row of the anastomosis
and full-thickness, single-layer interrupted sutures for the
anterior row. When the cervical anastomosis was con-
structed using a stapler, a circular stapler was utilized.

In patients with squamous cell carcinoma of the middle
and lower thoracic esophagus who show no evidence of
cervical nodal metastasis on preoperative imaging studies,
our standard procedure has been to perform esophagecto-
my with 2-field lymph node dissection (2FL). This 2FL ap-
proach encompasses both the mediastinal and abdominal
lymph node stations. In contrast, for squamous cell carci-
noma located in the upper thoracic esophagus, we have ad-
opted a 3-field lymph node dissection strategy, which in-
volves the resection of lymph nodes from the cervical station
in addition to the aforementioned 2 stations.

Anastomotic assessment

All patients underwent endoscopy and/or esophagogra-
phy to diagnose AL between 4 to 7 days following eso-
phagectomy. AL was defined as a full-thickness gastroin-
testinal defect involving the esophagus, anastomosis, staple
line, or conduit, regardless of the presentation or method
of detection, in accordance with the International Consen-
sus on Standardization of Data Collection for Complica-
tions Associated with Esophagectomy as presented by the
Esophageal Complications Consensus Group. Patients with
AL were categorized based on the location of the anasto-
mosis: either cervical or intrathoracic.

Patients diagnosed with AL following esophagectomy
underwent weekly evaluations using endoscopy. In the ab-
sence of AL during these endoscopic examinations, pa-
tients were permitted to begin oral intake. When endo-
scopic findings were inconclusive regarding the presence of
AL, esophagography with a radio-contrast medium was
performed to ascertain its presence. Those with AL deemed
resolved by esophagography were cleared to resume oral
intake.

Treatment strategy for anastomotic leakage

Once the presence of AL after esophagectomy was estab-
lished, the treatment approach for patients diagnosed with
AL was determined by the respective surgeon. The criteria
for selecting a treatment approach have exhibited minor
variations over time. Prior to 2015, conservative manage-
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ment was adopted for small ALs identified by endoscopy
that were anticipated to resolve spontaneously, provided
the patient remained clinically stable. This conservative
approach involved maintaining the patient on NPO while
administering enteral or parenteral nutrition. In contrast,
if the AL was of a considerable size, or if the patient’s con-
dition worsened due to complications such as sepsis, surgi-
cal drainage and primary repair were undertaken.

In 2015, we began performing EVT at our institution,
prompting changes in the treatment selection criteria for
AL. Conservative management was applied if the AL was
smaller than 5 mm or if EVT was not feasible due to the
location of the lesion. Conversely, for ALs measuring 5 mm
or larger, EVT was the preferred treatment. In instances
where the drainage catheter had been removed or proved
to be ineffective—necessitating surgical drainage—prima-
ry repair was performed along with the placement of an ef-
fective surgical drainage catheter. Fig. 1 illustrates the
treatment selection strategy for AL following the adoption
of EVT.

Statistical analyses

Patient characteristics and clinical outcomes were com-
pared across treatments using the Student t-test or the
Mann-Whitney U test for continuous variables, based on
the normality of the distribution. The Pearson chi-square
and Fisher exact tests were used for categorical variables,
as appropriate. Multivariable Cox regression analysis was
performed to identify prognostic factors for AL healing. A
p-value of less than 0.05 was considered to indicate statisti-
cal significance. Statistical analyses were conducted using
R ver. 3.6.1 (The R Project for Statistical Computing, Vien-
na, Austria; http://www.R-project.org/).

AL after
esophagectomy

Unstable patient
condition or ineffective
drainage

Stable patient
condition

Possible location and
size (5 mm or large)
for EVT

I I
EVT NPO

Impossible location
or size for EVT

Primary repair with
surgical drainage

Fig. 1. Schematic diagram of treatment modality selection for
anastomotic leakage (AL) after esophagectomy. EVT, endoscopic
vacuum therapy; NPO, nothing by mouth.
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Results
Patient characteristics

Of the 3,096 patients who underwent esophagectomy
during the study period, 181 (5.8%) experienced AL. The
mean patient age was 64.2+8 years, and male participants
predominated at 95.6%. The mean preoperative body mass
index was 22.3+3.6 kg/m”. Prior to surgery, 76 patients re-
ceived treatment, with 73 (40.3%) undergoing concurrent
chemoradiation (CCRT) and 3 (1.7%) receiving chemother-
apy alone. The distribution of tumor locations was as fol-
lows: cervical (6 patients, 4%), upper thoracic (51 patients,
33.6%), mid-thoracic (52 patients, 34.2%), lower thoracic (41
patients, 27%), and esophagogastric junction (2 patients,
1.3%). Regarding the site of anastomosis, cervical anasto-
mosis was performed in 114 patients (63%), while intratho-
racic anastomosis was utilized in 67 patients (37%). Pathol-
ogy reports indicated that RO resection was achieved in
over 90% of cases, while R1 or R2 resections were reported
in fewer than 10%. These findings are detailed in Table 1.

Treatment outcomes

Of the 181 patients with AL, 123 patients (68%) under-
went conservative management, 40 patients (22.1%) re-
ceived EVT, and 18 patients (9.9%) were treated with sur-
gery as the initial intervention. The median duration from
esophagectomy to the identification of AL was 11 days (in-
terquartile range [IQR], 7-15 days). Patients who received
conservative management experienced a significantly
shorter median time of 10 days (IQR, 7-13 days) compared
to those who underwent EVT, who had a median time of
15 days (IQR, 13-22 days), and those who received surgical
repair, with a median time of 11 days (IQR, 9-15.5 days).

Among the patients initially treated with conservative
management, 112 (91.1%) successfully resumed an oral diet
without the need for further intervention. Nine patients re-
quired additional procedures, with 8 (6.5%) undergoing
surgery and 1 (1%) receiving EVT. Overall, 97.6% of the
patients in this group were able to achieve oral intake, with
a median duration of 25 days (IQR, 13-22 days) after
esophagectomy.

Among patients who received EVT as their initial treat-
ment, 33 (82.5%) were able to resume an oral diet without
the need for further intervention, while 2 (5%) required
subsequent surgery. Consequently, 85% of these patients
could resume an oral diet, with a median time of 52 days
(IQR, 34.5-76.5 days) following esophagectomy. In the
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Table 1. Patient characteristics and outcomes by treatment

Characteristic Total (N=181) NPO (n=123)  EVT (n=40)  Surgery (n=18) p-value
Age (yr) 64.24+7.99 64.05+8.22 64.25+7.30 65.56+8.15 0.7697
Sex 0.6148
Female 8 (4.42) 7 (5.69) 1(2.50) 0
Male 173 (95.58) 116 (94.31) 39 (97.5) 18 (100.00)
Preoperative body mass index (kg/m?) 22.34+3.61 22.58+3.71 21.66+3.81 22.25+2.11 0.4195
Smoking 0.999
No 13 (8.55) 10 (8.85) 2(8.33) 1(6.67)
Yes 139 (91.45) 103 (91.15) 22 (91.67) 14 (93.33)
Preoperative therapy 0.7727
None 105 (58.01) 72 (58.54) 21 (52.50) 12 (66.67)
Concurrent chemoradiation 73 (40.33) 49 (39.84) 18 (45.00) 6(33.33)
Chemotherapy 3 (1.66) 2 (1.63) 1(2.50) 0
Tumor location 0.225
Cervical 6 (3.95 4 (3.54) 1(4.17) 1(6.67)
Upper thoracic 51 (33.55) 43 (38.05) 3 (12.50) 5(33.33)
Mid-thoracic 52 (34.21) 37 (32.74) 9 (37.50) 6 (40.00)
Lower thoracic 41 (26.97) 27 (23.89) 11 (45.83) 3 (20.00)
Esophagogastric junction 2(1.32 2(1.77) 0 0
Site of anastomosis <0.001
Cervical 114 (62.98) 87 (70.73) 15 (37.50) 12 (66.67)
Intrathoracic 67 (37.02) 36 (29.27) 25 (62.50) 6(33.33)
Resection margin 0.7056
RO 163 (90.05) 110 (89.43) 38 (95.00) 15 (83.33)
R1 17 (9.39) 12 (9.76) 2 (5.00) 3(16.67)
R2 1(0.55) 1(0.81) 0 0
Time between esophagectomy and diagnosis of AL (day) 11 (7-15) 10 (7-13) 15 (13-22) 11 (9-15.5) <0.001
Treatment outcome 0.0017
Failure 10 (5.52) 2 (1.63) 5 (12.50) 3 (16.67)
Success without additional therapy 158 (87.29) 112 (91.06) 33 (82.50) 13 (72.22)
Subsequent surgery 10 (5.52) 8 (6.5) 2 (5.00) 0
Subsequent EVT 3(1.66) 1(0.81) 0 2(11.11)
Oral diet 0.0034
Failure 12 (6.63) 3 (2.44) 6 (15.00) 3(16.67)
Success 169 (93.37) 120 (97.56) 34 (85.00) 15 (83.33)
Time between esophagectomy and oral diet resumption (day) 31 (21-52) 25 (19-38) 52 (34.5-76.5) 52 (29-84)  <0.001

Values are presented as meanzstandard deviation, number (%), or median (interquartile range). Statistically significant results are marked in bold.
NPO, nothing by mouth; EVT, endoscopic vacuum therapy; AL, anastomotic leakage.

group receiving surgery as initial treatment, 13 (72.2%)
were able to successfully resume an oral diet without addi-
tional therapy, while 2 (11.1%) required subsequent EVT.
Consequently, 83.3% of these patients managed to achieve
oral intake, with a median duration of 52 days (IQR, 29-84
days) following esophagectomy.

Treatment patterns and outcomes by
anastomotic location

Fig. 2 illustrates the treatment patterns and outcomes
based on the location of the anastomosis. Of the 2,128 pa-

tients with an intrathoracic anastomosis, 67 (3.2%) experi-
enced AL. Of these patients, conservative management was
the initial treatment for 36 (53.7%), EV'T for 25 (37.3%), and
surgical repair for 6 (9%). Among the 36 patients managed
conservatively, 34 (94.4%) were able to resume an oral diet.
In contrast, 19 (76%) of the 25 patients who received EVT
and only 2 (33.3%) of the 6 patients who underwent surgi-
cal repair were able to achieve oral intake.

Of the 955 patients who underwent cervical anastomosis,
114 (11.9%) developed AL. Of these patients, conservative
management was employed for 87 (76.3%), EVT for 15
(13.2%), and primary surgical repair for the remaining 12
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A Cervical anastomosis leakage
(114/955, 11.9%)

B Intrathoracic anastomosis leakage

(67/2,128, 3.2%)

NPO EVT Surgery NPO EVT Surgery
(n=87, 76.3%) (n=15, 13.2%) (n=12, 10.5%) (n=36, 53.7%) (n=25, 37.3%) (n=6, 9%)
|| Success” Success Success Success Success Success
(n=78, 89.7%) (n=14, 93.3%) (n=11,91.7%) (n=34, 94.4%) (n=19, 76%) (n=2, 33.3%)

| | Subsequent surgery Subsequent surgery Failure Subsequent surgery Subsequent surgery Subsequent EVT
(n=7, 8.1%) (n=1,6.7%) (n=1, 8.3%) (n=1, 2.8%) (n=1, 4%) (n=2, 33.3%)
| | Subsequent EVT Failure Failure Failure
(n=1,1.2%) (n=1, 2.8%) (n=5, 20%) (n=2, 33.3%)
L Failure
(n=1, 1.2%)

Fig. 2. (A, B) Treatment pattern and outcomes by anastomosis site. NPO, nothing by mouth; EVT, endoscopic vacuum therapy. Suc-

ceeded in achieving oral diet.

Table 2. Multivariable Cox regression analysis of factors associated with healing of anastomotic leakage after esophagectomy

Variable Odds ratio (95% Cl) p-value
Age 1.0295 (0.9469-1.1193) 0.4960
Preoperative CCRT (vs. upfront surgery) 3.7391 (1.0042-13.922) 0.0493
Preoperative BMI 0.8437 (0.6909-1.0302) 0.0953
Intrathoracic (vs. cervical) anastomosis 10.0791 (2.0585-49.351) 0.0044

Cl, confidence interval; CCRT, concurrent chemoradiation; BMI, body mass index.

(10.5%). Each treatment approach demonstrated superior
outcomes relative to those for intrathoracic AL. The rates
of successful oral diet resumption were 89.7% for patients
treated conservatively, 93.3% for those who received EVT,
and 91.7% for those who underwent primary surgical re-
pair.

Prognostic factors for anastomotic leakage
healing

Multivariable Cox regression analysis was conducted to
identify prognostic factors influencing the healing of AL.
The choice of treatment modality for AL has progressed
over time and is typically based on the clinical severity of
the case. Since many patients in this study received a com-
bination of treatment modalities, this was not included as a
variable in our analysis. When considering age, body mass
index, preoperative CCRT, and the location of the anasto-
mosis as variables, the odds ratio (OR) for preoperative
CCRT was found to be 3.739 (95% confidence interval [CI],
1.004-13.922; p=0.049). The OR for intrathoracic anasto-
mosis was 10.979 (95% CI, 2.059-49.351; p=0.004) (Table 2).
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Discussion

In this study, our objective was to gain deeper insight
into the treatment patterns and trends in outcomes for AL
following esophagectomy as treatment for esophageal can-
cer. Among the 3,096 patients analyzed, the overall inci-
dence of AL was 5.8%. When we categorized the data based
on anastomosis location, the incidence of AL was 3.2% for
intrathoracic anastomosis and 11.9% for cervical anasto-
mosis. This finding aligns with other studies that have re-
ported a higher incidence of AL in patients who underwent
cervical anastomosis [2,3].

Most patients (68%) who developed AL following
esophagectomy received conservative treatment, including
an NPO regimen; of these patients, 93.4% successfully re-
sumed an oral diet. Among the patients with intrathoracic
anastomosis, conservative management incorporating ther-
apeutic NPO was the predominant treatment approach,
achieving a success rate of 94.4%.

Patients with intrathoracic AL were more likely to un-
dergo EVT relative to those with cervical AL. This finding
may stem from the challenges associated with re-thoracot-
omy for surgical intervention and the dissection required
due to extensive adhesions resulting from inflammation in
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the pleural cavity. Additionally, surgical management must
account for scenarios where the gastric conduit must be
abandoned, necessitating colon or jejunum interposition or
the performance of an esophagostomy, followed by pro-
longed parenteral nutrition, before delayed re-anastomosis
can be attempted. Most surgeons are reluctant to choose
surgery as the initial treatment, preferring instead to ex-
plore options to preserve the gastric conduit. Consequently,
we administered EVT approximately 3 times more often
for intrathoracic AL than for cervical AL. EVT demon-
strated good therapeutic performance, with a treatment
success rate of 76%. Given this relatively high success rate
and the less invasive nature of the treatment, EVT has been
confirmed as a useful therapy for intrathoracic AL, partic-
ularly when the surgical approach is complicated. This
finding aligns with other research indicating that EVT is
commonly employed for intrathoracic AL and has a treat-
ment success rate ranging from 86% to 100% [13].

In patients with cervical AL, surgical intervention was
performed more often than among those with intrathorac-
ic AL; this is because the surgical approach is less complex,
and endoscopic treatments such as self-expanding metal
stents are challenging to implement at the cervical AL site
[1]. Surgical treatment demonstrated a markedly higher
therapeutic success rate in cervical AL compared to intra-
thoracic AL (91.7% versus 33.3%). Moreover, EVT displayed
good therapeutic performance in cervical AL, achieving a
treatment success rate of 93.3%.

In this study, we examined the time interval between
esophagectomy and the initiation of an oral diet in cases of
AL. We found that the median time to start an oral diet
was 31 days across all patients. For those who received only
conservative management with therapeutic NPO, the me-
dian time was 25 days. In contrast, patients who under-
went EVT and surgical intervention had a median time of
52 days. The duration was significantly shorter for the
group treated conservatively with therapeutic NPO, pre-
sumably because some cases received conservative man-
agement due to the anastomotic defect being too small for
EVT or the mucosal condition being deemed satisfactory
for surgical repair. Consequently, these findings should not
be interpreted as evidence of the superiority of conserva-
tive treatment.

In this study, we also identified prognostic factors that
influenced the healing of AL. The findings showed that
neither age nor body mass index had a significant impact
on the healing of AL. However, the administration of pre-
operative CCRT was associated with less successful AL
healing. Additionally, AL healing was less favorable when

intrathoracic anastomosis was performed, as opposed to
cervical anastomosis. These results align with prior re-
search demonstrating an association between preoperative
CCRT and an increased risk of anastomotic complications
following esophagectomy in patients with esophageal can-
cer. Studies have reported that patients who received pre-
operative CCRT faced a higher incidence of AL after
esophagectomy [14,15]. Moreover, a study analyzing pa-
tients who underwent EVT for AL treatment after
esophagectomy found that those who received preoperative
CCRT required a longer duration of EVT [16]. This may be
attributed to the detrimental effects of radiation on the
wound healing process, which in turn contributes to the
development of AL after esophagectomy. The location of
the AL was also identified as a prognostic factor for heal-
ing. In cases of intrathoracic AL, the contaminated con-
tents are likely to disperse widely into the mediastinal and
pleural spaces, making it difficult to drain these contents
and eradicate sources of infection in the surrounding area.
In contrast, cervical AL confines the contaminated con-
tents to a limited space, facilitating easier drainage and
maintenance of cleanliness. This likely creates a more con-
ducive microenvironment for the healing of AL.

This study had several limitations. First, as a retrospec-
tive observational study, it inherently included potential
confounding variables. Additionally, we faced a lack of de-
tailed information regarding the severity of AL, such as the
size or extent of the lesion, which precluded the classifica-
tion of AL severity. This limitation arose because the data
were collected through retrospective review of medical re-
cords. Consequently, we were unable to propose treatment
recommendations tailored to the severity of AL. Second,
the study’s findings are based on data from a single institu-
tion, which may not be representative of other settings.
Variations in patient selection, surgical techniques, and
preoperative adjuvant therapy across institutions could
yield different outcomes. To address this limitation, future
multi-institutional cohort studies are warranted. Third, the
inclusion of patients who underwent esophagectomy over a
span of 17 years introduces the possibility that changes in
the treatment of AL may have occurred during this period.
For instance, EVT has only been actively utilized in our
hospital in more recent years. Finally, since esophagectomy
was performed by several surgeons, the incidence of AL
and the choice of treatment methods may vary according
to each surgeon’s preferred surgical technique, potentially
introducing bias to the results.

In conclusion, the incidence rate of AL was greater
among patients with cervical anastomosis; however, the
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rate of successful oral diet resumption was higher in those
with intrathoracic AL, irrespective of the management ap-
proach used. Patients with AL following intrathoracic
anastomosis were more likely to receive EVT compared to
those with cervical anastomosis and AL, and EVT appears
to be an effective treatment option.
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