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Predictive factors for intrathoracic
anastomotic leakage and postoperative
mortality after esophageal cancer resection
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Abstract

Background Esophageal cancer is currently one of the high-risk malignant tumors worldwide, posing a serious
threat to human health. This study aimed to analyse the causes of postoperative mortality and intrathoracic
anastomotic leakage(IAL) after esophagectomy.

Methods A retrospective analysis was conducted on 172 patients with esophageal cancer resection and focused on
the preoperative and postoperative indicators. Cox regression analysis was performed to identify factors affected IAL
and evaluated the potential factors on postoperative mortality. The Kaplan-Meier curve was applied to evaluate the
effect of leakage on postoperative mortality after propensity score matching.

Results Univariable and multivariable Cox regression analysis showed that infection and high BMI were significant
risk factors for IAL, patients with BMI over 24 kg/m? in IAL group was two times higher than that of the group without
IAL (95% Cl=1.01-6.38; P=0.048). When patients were infected, the hazard ratios(HRs) of anastomotic leakage was
twice that of patients without infection (95% Cl=1.22-4.70; P=0.011). On the other hand, IAL was a significant cause
of postoperative mortality, the 40-day postoperative mortality rate in the leakage group was significantly higher than
the non leakage group (28.95% in leakage group vs. 7.46% in non leakage group, P<0.01). After propensity score
matching, IAL still significantly affected postoperative mortality. The total length of hospital stay of the leakage group
was inevitably longer than that of the non leakage group (22.19+10.79 vs. 1527 +8.59).

Conclusion AL was a significant cause of death in patients underwent esophageal cancer resection. Patients with
high BMI over 24 kg/m? and infection may be more prone to developing IAL after esophagectomy. IAL inevitably
prolonged the length of hospital stay and increased postoperative mortality.
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Introduction
Esophageal cancer is currently one of the high-risk malig-
nant tumors worldwide, posing a serious threat to human
health [1, 2]. Esophageal cancer is the sixth leading cause
of cancer related mortality, and its morbidity continues
to increase every year [3]. Currently, surgical resection
of the diseased esophagus is still the mainly treatment of
esophageal cancer [4, 5]. Although the surgical methods
for esophageal cancer have improved in recent years, tra-
ditional esophageal cancer surgeries are still being used
in some primary hospitals in China due to limited medi-
cal resources. However, the complications of anastomotic
leakage after esophagectomy remain serious that need
to be addressed by thoracic surgeons worldwide [6-8].
Anastomotic leakage inevitably causes serious compli-
cations and affects prognosis. For example, esophageal
anastomotic leakage may cause food residues stray into
trachea, leading to pneumonia or pulmonary abscess.
In addition, long-term anastomotic leakage may lead to
weakened immunity, anemia, and other problems, which
seriously affect patient’s health. Patient may suffer from
high incidence and mortality rates when anastomotic
leakage occurs. It is reported that up to 40% of esopha-
gectomy deaths are related to anastomotic leakage [9, 10].
Thoracic anastomosis and neck anastomosis are the
two main methods for upper gastrointestinal reconstruc-
tion. The prognosis and incidence of intrathoracic and
cervical anastomotic leakage are significantly different
due to medical conditions and surgical experience, our
study mainly focus on the risk factors for the occurrence
of intrathoracic anastomotic leakage(IAL) during esoph-
ageal cancer resection. In this study, we collected clinical
datas on patients who diagnosed as malignant tumors of
esophagus and underwent esophagectomy. Our aim was
to explore the mortality after esophagectomy and risk
factors for IAL.

Patients and methods

Patients

A retrospective analysis was conducted on 172 patients
with esophageal malignant tumors in the department of
Cardiothoracic Surgery of the first Affiliated Hospital of
Anhui University of Science & Technology (Huainan First
People’s Hospital) from January 1, 2019 to December 31,
2023. All patients underwent gastroscopy and obtained
the final pathological results. Among them, 38 patients
developed anastomotic leakages, while 134 patients were
discharged smoothly. 102 are males and 70 are females,
aged between 62 and 83 years old, with an average age of
68.34+9.33 years old. We collected and analyzed poten-
tial risk factors for postoperative mortality and IAL in
patients by reviewing relevant literature and clinical
experience.
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Diagnostic criteria for thoracic anastomotic leakage

The definition of esophageal anastomotic leakage: The
leakage that occured due to incomplete or poorly healed
anastomosis between the esophagus and stomach. Some
cases involved perforation of the stomach or esophagus
caused by too deep or too tight sutures when embedding
the anastomotic opening, also defined as a fistula [11].

The symptoms of thoracic anastomotic leakage: The
clinical manifestations were mainly toxic symptoms: per-
sistent high fever, coughed a large amount of pus and
phlegm, severe chest pain, dyspnea, hydrothorax. Some
patients may experienced toxic shock if not diagnosed
and treated timely [12, 13].

Auxiliary examination: Chest X-ray and esophagog-
raphy were used to confirm anastomotic leakage. If non-
invasive examination failed to detect a small fistula or a
localized fistula, thoracentesis with cloudy liquid or food
residue could also diagnose thoracic anastomotic leak-
age. Gastroscopy was not a routine examination item,
but it could clearly diagnose the location and types of the
fistula and distinguished it from thoracogastric necrosis
perforation.

Esophagectomy procedure: Open surgery: Patient
was placed in a right lateral position, and a left posterior
external incision was made through the 5th or 6th inter-
costal space to enter the thorax, separated the tissues
surrounding the esophagus in thoracic esophagus. After
opened the diaphragm, performed gastric dissection in
the abdominal cavity, completed the dissection and cut
off the esophagus, and then cut off the tubular stomach
or only performed local resection of the proximal stom-
ach; Some patients underwent intrathoracic lymph node
dissection, after elevated the stomach through the tho-
rax, esophago-gastric anastomosis was performed by
using the circular stapler in thorax, we strictly followed
the manufacturer’s instructions (CDH25A, Johnson &
Johnson MedTech, the USA). Minimally invasive sur-
gery: Chest surgery: Patient was placed in a left lateral
position, the 7th intercostal space on the right midaxil-
lary line was regarded as the observation hole, the 5th
and 8th intercostal spaces were the main operating holes.
After removed mediastinal lymph nodes, the esophagus
was separated up to the entrance of the chest and down
to the level of the diaphragm. Abdominal surgery: Estab-
lished artificial pneumoperitoneum through a 1.0 cm
incision at the lower edge of the navel, with an pneumo-
peritoneum pressure of 12mmHg (ImmHg=0.133 kPa),
made 1.0 cm incisions at the intersection of the navel
and the clavicle midlines, and then made 0.5 cm incision
under the rib arches at the left and right axillary lines.
Cut off the abdominal lymph nodes, separated the hia-
tus of the esophagus and diaphragm, enlarged the hiatus
to 5 cm, made a 3 cm small incision under the xiphoid
process, and used a sling to take the stomach out of the
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abdominal cavity to create a tubular stomach. Finally,
anastomosed the esophagus and stomach in the chest
cavity by using the circular stapler (CDH25A, Johnson &
Johnson MedTech, the USA).

Definition of infection: (1) Patients had clinical symp-
toms like fever, inflammatory indicators such as leu-
kocyte and procalcitonin increased or positive blood
bacterial culture. (2) Postoperative examination of chest
and abdominal computerized tomography (CT) scan
revealed abnormal lesions including ascites, pleural effu-
sion, signs of pulmonary inflammation etc. Finally, the
above points must exist simultaneously and diagnosed
as infection after consultation with relevant department
doctors. We particularly emphasized that infection was
the precipitating factor for anastomotic leakage, as we
observed in our study, patients firstly experience symp-
toms of infection before developed IAL.

Clinical observation indicators

We collected the potential risk factors for postopera-
tive death and anastomotic fistula in esophageal cancer
patients including sex, age, body mass index (BMI, Nor-
mal:18.5-23.9 kg/m?% Overweight:>24 kg/m% Under-
weight: <18.5 kg/m?. Classify according to World Health
Organization’s standards [14]), pathological type. Some
geriatric diseases like cardiovascular and diabetes, tumor
location, tumor size, infection and pathological tumor
node metastasis (TNM) stage.

Data collection and management

At the beginning of this study, a total of 245 patients were
included, we excluded the following data: (1) The patient
was diagnosed with esophageal malignant tumor but
did not receive surgical treatment. (2) Failed to obtain
informed consent from the patients. (3) Other types of
anastomosis. (4) Incomplete clinical data.

The main purpose of this study was to analyze the pre-
dictive factors for intrathoracic anastomotic leakage and
postoperative mortality. secondary measurements was
the total length of hospital stay. For survival analysis,
we integrated in-hospital mortality and 40-day mortal-
ity as postoperative mortality (POM). More than 95%
of patients stayed in hospital within 40 days after sur-
gery. Except for one who died at 42 days after surgery,
the remaining patients died within 40 days after surgery.
Therefore, 40-day postoperative mortality (POM40) was
considered as the suitable primary measurements for
survival analysis.

Statistical analysis

Continuous variables with normal distribution are rep-
resented as meanz*standard deviation, while categorical
variables are represented as frequency or percentage. The
chi-square test or Fisher’s exact test was used to evaluate
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Table 1 Clinical and pathological characteristics of the recruited
cohort

Variables

Age(year), M (Q, Q;)

Tumor size(cm), M (Q;, Qs)
Surgery time(min), M (Q;, Q;)

Total (n=172)
71.00 (62.00, 75.25)
40.00 (30.00, 55.89)
262.02 (234.50, 290.00)

Sex, n(%)

Female 70 (40.70)
Male 102 (59.30)
BMI(kg/m?), n(%)

<185 31(18.02)
18.5-23.9 88(51.16)
>24 53(30.81)
Pathology, n(%)

Squamous cell carcinoma 126 (73.26)
Adenocarcinoma 32 (18.60)
Other types 14 (8.14)
Diabetes, n(%)

No 156 (90.70)
Yes 16 (9.30)
Cardiovascular disease, n(%)

No 149 (86.63)
Yes 23(13.37)
Tumor location, n(%)

Upper thoracic esophagus 21(12.21)
Middle thoracic esophagus 76 (44.19)
Lower thoracic esophagus 75 (43.60)
Infection, n(%)

No 134 (77.91)
Yes 38 (22.09)
TNM stage, n(%)

I/11 65 (37.79)
Il 39 (22.67)
[\ 68 (39.53)
Surgical Method, n(%)

Minimally Invasive surgery 57(33.14)
Open surgery 115 (66.86)
Anastomotic leakage, n(%)

No 134 (77.91)
Yes 38(22.09)

M: Median, Q;: 1st Quartile, Qs: 3st Quartile. TNM: tumor-node-metastasis

categorical variables. Cox regression analysis was used to
evaluate the univariate and multivariate risks of potential
risk factors for progression. The Kaplan Meier curve was
used to plot the relationship between survival distribu-
tion and progression, and the logarithmic rank test was
used to evaluate the differences in postoperative survival
rates between subgroups. SPSS software (version 26.0;
IBM Corp) was used for data processing. P<0.05 (bilat-
eral) was considered statistically significant. To evalu-
ate the prognostic value of leakage on IAL, propensity
score matching(PSM) analysis was performed to reduce
the potential bias between the leakage and non-leak-
age groups. Propensity scores were calculated through
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Totally 245 patients were included

Exclusion criteria
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Without surgery(n=2)
Without consent from the patients(n=25)

v

Underwent operation(n=172)

|

Lack of critical data(n=28)
Without intrathoracic anastomosis (n=18)

Anastomotic leakage(n=38)

No anastomotic leakage(n=134)

Fig. 1 Inclusion and exclusion process for esophageal cancer patients

logistic regression for each patient in the leakage and
non leakage groups. Covariate balance was examined by
the chi-square test. Survival comparisons were then per-
formed for the matched patients using the same methods
as those in the unmatched patients.

Results

The basic information of patients

Our study collected data on patients who underwent
esophagectomy at the Cardiothoracic Surgery Depart-
ment of first Affiliated Hospital of Anhui University of
Science & Technology (Huainan First People’s Hospital)
from January 1, 2019 to December 31, 2023. They were
strictly screened according to inclusion and exclusion
criteria, some statistical information included was sum-
marized in Table 1. As shown in Figs. 1 and 172 cases
met the requirements, among the 172 cases included, 38
cases experienced postoperative IAL, with an incidence
rate of 15.5%. The earliest occurrence of anastomotic
leakage was on the 6nd day after surgery, and the latest
was on the 15st day after surgery, with an average time
of 10+3.6 days. Among patients with IAL, the majority
of them were considered to diagnosis as IAL due to high
fever or purulent drainage from the incision. Esophagog-
raphy or gastroscopy was performed to confirm the pres-
ence of anastomotic leakage. 30 cases (78.95%) of IAL

patients improved after conservative treatment and were

discharged.

Clinical and pathological risk factors for postoperative
mortality

In order to identify potential factors affected postop-
erative mortality in esophageal cancer patients, we
conducted univariate and multivariate Cox regression
analyses. 40-day postoperative mortality(POM40) was
the primary outcome measurement. The results were
summarized in Table 2. During the follow-up period of
40 days after surgery, a total of 21 people died, account-
ing for 8.57% of the total number. Univariable and mul-
tivariable Cox regression analysis showed that IAL was
a significant cause of death after esophagectomy. The
HRs (95% Cls) of leakage for POM40 in univariable and
multivariable analyses were 4.52 (2.46-8.31; P<0.01) and
3.66 (1.89-7.10; P<0.01), respectively. Other potential
variables, such as sex, age, BMI, pathological type, tumor
size, surgical time did not show significant effects on
POM40.

The clinical risk factors for 40-day IAL rate

The above studies indicated that IAL could lead to a
higher postoperative mortality rates, however the eti-
ology of IAL was very complex. We collected possible
factors related to the occurrence of 40-day IAL rate by
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Table 2 Clinical risk factors for 40-day postoperative mortality
Variables Univariable Cox analysis Multivariable Cox analysis
HR (95%Cl) P HR (95%Cl) P
Age(year) 1.01 (0.98-1.05) 0487
Tumor size(cm) 1.00 (0.99-1.01) 0.764
Surgery time(min) 1.00 (0.99-1.00) 0.436
Sex
Female 1.00 (Reference)
Male 0.94 (0.51-1.74) 0.841
BMI(kg/m?)
<185 1.00 (Reference)
18.5-239 047 (0.20-1.09) 0.079
>24 1.39 (0.63-3.07) 0.409
Pathology type
Squamous cell carcinoma 1.00 (Reference) 1.00 (Reference)
Adenocarcinoma 0.28 (0.09-0.93) 0.037 042 (0.13-1.40) 0.159
Other types 0.92(0.33-2.59) 0.873 0.61(0.21-1.77) 0.367
Diabetes
No 1.00 (Reference)
Yes 046 (0.11-1.89) 0.280
Cardiovascular disease
No 1.00 (Reference)
Yes 044 (0.14-1.44) 0.175
Tumor location
Upper thoracic esophagus 1.00 (Reference)
Middle thoracic esophagus 1.53(0.59-3.99) 0382
Lower thoracic esophagus 0.55(0.19-1.58) 0.266
Infection
No 1.00 (Reference) 1.00 (Reference)
Yes 2.63(141-4.92) 0.002 1.88(0.98-3.61) 0.058
TNM stages
171 1.00 (Reference)
Il 0.34 (0.12-1.00) 0.051
vV 0.96 (0.51-1.82) 0.905
Surgical Method
Minimally Invasive surgery 1.00 (Reference)
Open surgery 0.81(043-1.53) 0517
Anastomotic leakage
No 1.00 (Reference) 1.00 (Reference)
Yes 452 (246-831) <0.001 3.66 (1.89-7.10) <0.001

M: Median, Q;: 1st Quartile, Q;: 3st Quartile, TNM: tumor-node-metastasis, HR: hazard ratio, Cl: confidence interval

reviewing relevant literature and clinical experience.
Univariate and multivariate Cox regression analysis were
conducted and the results indicated that infection and
high BMI were significant risk factors for IAL. Patients
with BMI in the normal range had lower possibility of
IAL compared to patients with BMI outside of the nor-
mal range especially when BMI higher than 24 kg/m?%
In addition, from the Cox regression analysis result, we
found that the BMI over 24 kg/m? in IAL group was two
times higher than that of the group without IAL(95%
CI=1.01-6.38; P=0.048). On the other hand, infection
was also a risk factor for anastomotic leakage. When
patients developed infection, the higher the probability of

IAL could occured. From the Cox analysis result summa-
rized in Table 3. When patients were infected, the haz-
ard ratios(HRs) of anastomotic leakage was twice that of
patients without infection(95% CI=1.22-4.70; P=0.011).
From the perspective of tumor location, the likelihood
of postoperative anastomotic leakage in middle thoracic
esophagus also increased, but it did not reached statisti-
cal differences. In addition, there was no statistically sig-
nificant difference in gender, age, pathological type and
surgical method.
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Table 3 Clinical risk factors for 40-day postoperative IAL

Variables Univariable Cox analysis Multivariable Cox

analysis
HR (95%Cl) P HR (95%Cl) P

Age(year) 0.98 (0.95-1.02) 0.399

Tumor size(cm) 1.00 (0.98-1.01) 0.725

Surgery time(min) 1.00 (1.00-1.00) 0.777

Sex

Female 1.00 (Reference)

Male 0.77 (0.40-1.46) 0417

BMI(kg/m?)

<185 1.00 (Reference) 1.00
(Reference)

18.5-23.9 0.60 (0.22-1.62) 0313 062 0.347
(0.22-1.69)

>24 2.69 (1.10-6.60) 0.030 254 0.048
(1.01-6.38)

Pathology type

Squamous cell 1.00 (Reference) 1.00

carcinoma (Reference)

Adenocarcinoma 0.12 (0.02-0.90) 0.039 0.20 0.054
(0.09-1.02)

Other types 1.78 (0.78-4.09) 0174 1.19 0.695
(0.50-2.85)

Diabetes

No 1.00 (Reference)

Yes 048 (0.12-1.99) 0312

Cardiovascular

disease

No 1.00 (Reference)

Yes 0.28 (0.07-1.17) 0.081

Tumor location

Upper thoracic 1.00 (Reference)

esophagus

Middle thoracic 1.22 (0.46-3.23) 0.686

esophagus

Lower thoracic 044 (0.15-1.31) 0.140

esophagus

Infection

No 1.00 (Reference) 1.00
(Reference)

Yes 3.02(157-582) <0.001 239 0011
(1.22-4.70)

TNM stage

/1l 1.00 (Reference)

Il 0.79(0.33-1.87) 0.587

% 1.15(0.56-2.37) 0.707

Surgical method

Minimally invasive 1.00 (Reference)

surgery

Open surgery 1.05 (0.52-2.11) 0.902

M: Median, Q;: 1st Quartile, Q;: 3st Quartile, TNM: tumor-node-metastasis, HR:

hazard ratio, Cl: confidence interval

Effect of IAL on postoperative mortality

Through the above study, we found that the main cause
of postoperative death in esophagectomy was postop-
erative anastomotic leakage. Also, IAL would inevitably
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lead to an extension of hospital stay. We compared the
hospital stay and postoperative 40 day mortality rates of
patients with and without IAL (supplemental Table 1),
the results showed that the total length of hospital stay of
the leakage group was longer than that of the non leakage
group(23.42+4.56 vs. 14.8915.32), and the 40-day post-
operative survival rate in leakage group was significantly
lower than non leakage group (83.33% in leakage group
vs. 94.41% in non leakage group, P<0.05). These findings
suggested that IAL led to increased postoperative mor-
tality rates and prolonged postoperative hospital stay.

Although Cox regression analysis showed that IAL
was an important risk factor for postoperative mortality,
some clinical features of the two groups are not balanced.
More patients in the non leakage group had pathologi-
cal TNM stage and histological type. This imbalanced
distribution may lead to potential biases in statistical
evaluation. Therefore, in order to reduce this potential
bias between two groups, we conducted propensity score
match (PSM) analysis. As a result, the distribution of
patients among subgroups was balanced (Table 4). The
Kaplan Meier curve and log rank test indicated that IAL
significantly affected survival within 40 days after surgery
in both the original dataset and PSM dataset(Fig. 2).

Disscussion

Esophageal cancer is one of the most common cancers
and its the sixth leading cause of cancer-related deaths.
The overall five-year survival rate ranges from 15-25%
[15]. Surgical resection is currently the main treatment
for esophageal cancer, esophagectomy and esophagogas-
trostomy procedures performed via the esophageal bed
are conventional surgical procedures, but there exists
some complications [16—18]. Anastomotic leakage is a
common and serious complication after radical resec-
tion of esophageal cancer, especially intrathoracic anas-
tomotic leakage(IAL), which is more likely to cause
severe thoracic infection, sepsis, and even multiple organ
failure [19-21]. It is also an important factor leading to
postoperative death and affecting the quality of patients’
life. However, in our study, the in-hospital mortality rate
of patients with IAL is 3.27%, and the 40 days mortality
rate was 4.49%, which was lower than previous studies,
this may be related to the experience of doctors [22, 23].
On the other hand, our study suggested that IAL was the
main cause of postoperative death while high BMI and
infection were the main causes for IAL. Patients with
BMI in the normal or low range had lower postoperative
anastomotic leakage compared to patients with BMI over
than 24 kg/m” Besides, we found that the postopera-
tive IAL of patients with BMI>24 kg/m? was more than
twice that of patients with BMI under normal range. As
is known to as all, BMI is a commonly used to measure
the degree of obesity and health of the human body, a
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Table 4 Clinical characteristics of the recruited cohort stratified by IAL and the PS-matched cohort
Variables Before PSM After PSM

Non-leakage (1=134) Leakage (n=38) P Non-leakage (1=46) Leakage (n=27) P

Age(years), M (Q,, Q3)
Tumor size(cm), M (Q;, Qs)

Surgery time(min), M (Q;, Q;)

71.00 (63.00, 76.00)
40.00 (30.00, 58.18)
263.17 (230.00, 295.00)

Sex, n (%)

Female 53(39.55) 17 (44.74)
Male 81 (60.45) 21 (55.26)
BMI(kg/m?), n (%)

<185 24.(17.91) 7(1842)
18.5-239 78 (58.21) 10 (26.32)
>24 32(23.88) 21 (55.26)
Pathology, n (%)

Squamous cell carcinoma 96 (71.64) 30 (78.95)
Adenocarcinoma 31(23.13) 1(2.63)
Other types 7(5.22) 7(1842)
Diabetes, n (%)

No 120 (89.55) 36 (94.74)
Yes 14 (10.45) 2(5.26)
Cardiovascular disease, n (%)

No 113(84.33) 36 (94.74)
Yes 21 (15.67) 2(5.26)
Tumor location, n (%)

Upper thoracic esophagus 16 (11.94) 5(13.16)
Middle thoracic esophagus 53(39.55) 23 (60.53)
Lower thoracic esophagus 65 (48.51) 10(26.32)
Infection, n (%)

No 111 (82.84) 23 (60.53)
Yes 23(17.16) 15 (39.47)
TNM stages, n (%)

/1l 50(37.31) 15 (39.47)
1l 31(23.13) 8(21.05)
vV 53(39.55) 15 (39.47)
Surgical Method, n (%)

Minimally Invasive surgery 46 (34.33) 11 (28.95)
Open surgery 88 (65.67) 27 (71.05)

69.73 (61.00, 74.00)
39.65 (31.00, 55.30)
260.70 (246.36, 277.16)

0568  71.00 (64.50, 75.00) 70.00 (64.50, 74.00) 0.762
0635 40.00 (34.02, 50.00) 39.29 (36.02, 59.65) 0.660
0.890  267.33(245.24,284.64) 26693 (249.00,277.38) 0.797
0.566 0.699
20 (43.48) 13 (48.15)
26 (56.52) 14(51.85)
<0.001 0.715
10 (21.74) 5(18.52)
20 (43.48) 10 (37.04)
16 (34.78) 12 (44.44)
0.001 1.000
38(82.61) 23(85.19)
3(6.52) 1(3.70)
5(10.87) 3(11.11)
0513 1.000
44 (95.65) 26 (96.30)
2(4.35) 1(3.70)
0.096 0.983
44 (95.65) 25(92.59)
2(4.35) 2(7.41)
0.042 0.945
9(19.57) 5(1852)
22 (47.83) 14(51.85)
15(32.61) 8(29.63)
0.003 0.700
31(67.39) 17 (62.96)
15(32.61) 10 (37.04)
0954 0.753
21 (45.65) 10 (37.04)
8(17.39) 6(22.22)
17 (36.96) 11 (40.74)
0534 0.949
15(3261) 9(33.33)
31(67.39) 18 (66.67)

M: Median, Q;: 1st Quartile, Qz: 3st Quartile, TNM: tumor-node-metastasis, HR: hazard ratio, Cl: confidence interval

high BMI means obesity [24—26]. In our study, patients
with higher BMI were more likely to develop postopera-
tive IAL, which was consistent with the study by Patrick
], McBee et al. [27]. We preliminarily infered that this
may be due to the excessive fat in patients reduced the
surgical field, made it difficult and risky for surgeons to
see blood vessels visually during laparoscopic surgery,
and even led to the destruction of the right gastric omen-
tum vascular arch, thereby affected the blood supply to
the tubular stomach [28]. In addition, patients with high
BMI have more tissue fat content, which increased the
likelihood of surgical incision fat liquefaction. Incision
fat liquefaction may lead to infection, thereby eroding the
anastomotic site and causing anastomotic leakage [29].
Besides, our study also indicated that when patients
developed infection, the higher the probability of IAL

could occured, our result indicated that the HRs of IAL
were twice that of patients without infection. The rel-
evant literature reports were consistent with our study,
suggested that postoperative infection was an indepen-
dent risk factor for anastomotic leakage after esophageal
cancer resection [30, 31]. A multicenter study showed
that patients with preoperative respiratory diseases had
an increased risk of anastomotic leakage (OR=1.64) and
postoperative pneumonia (OR=1.39), these may due to
infection caused fever, high metabolic status, and even
sepsis, the body’s nutritional supply was further con-
sumed, which may lead to the occurrence of postop-
erative anastomotic leakage [32, 33]. Due to pulmonary
infection, increased secretions, sputum production,
coughing stimulation or increased tension at the anas-
tomotic site may also lead to anastomotic tearing and
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Brfore PSM

Strata Non-leakage =k leakage

1.00+

0.754

0.501
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0.25+

p <0.0001

0 20 40 60 80
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Fig. 2 Kaplan—-Meier curves for postoperative mortality in the raw dataset and the propensity score matched dataset

the formation of anastomotic leakage [34]. Based on the
above results, we consider that perioperative preparation
should be made to reduce the occurrence of esophageal
anastomotic leakage, such as enhancing physical fitness,
improving overall condition, prophylactic use of antibi-
otics before surgery to reduce the risk of postoperative
infection, and ensuring accurate alignment of the esoph-
agus and stomach during anastomosis to avoid mucosal
eversion and reducing anastomotic tension.

Our study has limitations. Firstly, there was inevi-
tably selection bias in the selection of data, we should
include a larger number of cases to prove the reliability
of our results. Secondly, our study did not collect longer
follow-up datas to verify the postoperative quality of life
and complications of patients. Also, we did not include
other types of anastomotic fistulas, such as neck anasto-
motic leakage, this was due to the surgical methods and
experience of our surgeons. Many more factors should be
involved in the occurrence of IAL, for example, neoadju-
vant therapy, preoperative nutritional status, anastomotic
technique, ASA score, and respiratory function etc. How-
ever the above issues did not affect the results, as our
study involves multiple steps.

In summary, our study indicated that IAL led to seri-
ous adverse consequences, including prolonged hospital
stay and high postoperative mortality. PSM showed that
IAL was a significant risk factor for postoperative mortal-
ity. Infection and high BMI were significantly associated
with postoperative IAL after esophageal cancer resec-
tion. These findings suggested that special care should be
taken when treating such patients.
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