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Abstract: Objective: To develop and validate a simple prediction model for postoperative anastomotic leakage (AL)
in patients with rectal cancer who underwent Dixon surgery by combining preoperative and intraoperative risk fac-
tors. Methods: We conducted a retrospective study on 358 patients who underwent Dixon surgery for rectal can-
cer in the Affiliated Hospital of Youjiang Medical University for Nationalities (Guangxi Zhuang Autonomous Region,
China). Based on logistic regression, the prediction model of AL after Dixon surgery was established and verified.
Results: The incidence of postoperative AL in these patients was 9.2% (33/358). The results of logistic regression
analysis showed that age >60 years, male, Tumor-Node-Metastasis (TNM) stage >llla, preoperative obstruction, and
the distance from the tumor to the anus <7 cm were the risk factors for AL after Dixon surgery, and intraoperative
defunctioning stoma was the protective factor for AL after rectal Dixon surgery (all P<0.05). The prediction model
construction: Risk score =-4.275 + 0.851 x age + 1.047 x sex + 0.851 x distance + 0.934 x stage + 0.983 x ob-
struction. The area under receiver operating characteristic curve (ROC-AUC) was 0.762 (95% Cl: 0.667-0.856). The
best cutoff, sensitivity and specificity were 0.14, 79.60%, and 83.10%, respectively. Hosmer-Lemeshow: X?=6.876,
P=0.550. Clinical validation results: the sensitivity, specificity, and accuracy of the model were 82.05%, 80.06%,
and 80.25%, respectively. Conclusions: Both preoperative and intraoperative risk factors were used in the prognos-
tic model. The prediction model established on this basis was well differentiated and highly calibrated, providing
a good reference for the clinical prediction model of postoperative AL in rectal cancer patients undergoing Dixon
surgery.
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Introduction

Rectal cancer is one of the most common
malignant tumors in China, mainly middle and
low rectal cancer [1]. According to an analysis
of tumor epidemic characteristics and disease
burden in China, rectal cancer ranks third in
incidence and fourth in mortality in the Guangxi
region of China [2]. Postoperative anastomotic
leakage (AL) is a common and severe compli-
cation of patients with rectal cancer and the
leading cause of high mortality [3].

In recent years, the application of laparoscopic
technique in rectal cancer has been widely pop-
ularized, and laparoscopic-assisted low anteri-
or rectal resection (Dixon surgery) is one of the
most common surgical methods. Dixon surgery
provides the hope of anal preservation for many
patients with middle and low rectal cancer but
increases the risk of postoperative AL. The in-
cidence of AL is not only a tricky and trouble-
some problem for surgeons but also increases
patients’ physical, mental and economic bur-
den, seriously affecting the postoperative reha-
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bilitation time and quality of life [4]. Therefore,
how to effectively prevent and control postop-
erative AL is also a hot topic. Currently, most
literature reports are about the clinical charac-
teristics, incidence, mortality and treatment of
postoperative anastomotic leakage for rectal
cancer [5-7]. The study on Dixon’s surgery was
only discussed in the subgroup analysis of sur-
gical procedures, and there are few reports on
the independent analysis of risk factors for this
surgery. Therefore, this study analyzed the risk
factors of AL after laparoscopic Dixon rectal
cancer surgery.

Although many studies have shown some fac-
tors affecting postoperative anastomotic leak-
age, with advances in surgical techniques, im-
provements in anastomotic instruments and
the use of Neoadjuvant chemoradiotherapy
(NAC), the risk factors of anastomotic leakage
may have potentially changed [8, 9]. In sum-
mary, this study retrospectively analyzed the
general clinical data of 358 patients undergo-
ing laparoscopic Dixon surgery for rectal can-
cer, discussed and analyzed the risk factors
associated with postoperative AL, and estab-
lished a reliable and accurate prediction mo-
del, hoping to provide specific reference for
clinical work.

Material and methods
Study design and patients

A total of 358 patients with rectal cancer who
underwent Dixon surgery in the Affiliated
Hospital of Youjiang Medical University for
Nationalities in Guangxi, China, from March
2010 to December 2015 were selected in this
study. The Medical Ethics Committee of the
Affiliated Hospital of Youjiang Medical Univer-
sity for Nationalities approved this retrospec-
tive cohort study. Inclusion criteria: (1) All cases
were confirmed as rectal cancer by postopera-
tive pathology; (2) All were elective surgeries
without complications such as acute bleeding
and perforation before surgery; (3) All cases
had complete medical history, including current
and past medical history, preoperative labora-
tory and imaging results, intraoperative data;
(4) All cases had diagnosis of anastomotic leak-
age that were consistent with the recommen-
dations of the International Rectal Cancer
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Research Group in 2010 [10]; (5) All cases were
ASA grade <IV. Exclusion criteria: (1) All cases
with serious heart, lung and brain diseases or
serious infections; (2) All cases with serious
blood system diseases and blood dysfunction;
(3) All cases with a history of abdominal surgery
or extensive adhesion of the abdominal cavity
that could not undergo laparoscopic surgery;
(4) All recurrent cases; (5) All cases with incom-
plete data.

In addition, according to the following criteria,
prospective patients who planned to receive
Dixon surgery for rectal cancer from March
2016 to November 2020 were selected as the
clinical validation cohort for the prediction
model. Inclusion criteria: Patients were infor-
med about the study and signed the informed
consent; the rest were consistent with the
inclusion criteria of retrospective design. Ex-
clusion criteria: Patients who refused to partici-
pate and had poor compliance; The rest were
consistent with the exclusion criteria for retro-
spective design.

Data collection

Data including patient age, gender, distance
from the tumor to the anus, Tumor-Node-Me-
tastasis (TNM) stage, preoperative albumin,
preoperative anemia, preoperative obstruction,
diabetes, neoadjuvant chemotherapy, and in-
traoperative defunctioning stoma were obtain-
ed through the electronic medical record sys-
tem. For patients diagnosed with anastomotic
leakage after surgery, two experienced gastro-
enterological specialists (Li Zhou and Haige
Huang) further examined the medical records
to ensure that the diagnosis met the above
valid criteria and was correct.

Surgical procedure

Neoadjuvant chemoradiotherapy was adminis-
tered to patients with a tumor less than 5 cm
from the anus or imaging findings indicating
heavy adhesion between the tumor and sur-
rounding tissues or distant liver or lung metas-
tasis. Anterior transabdominal resection of rec-
tal cancer (Dixon surgery) was performed un-
der general anesthesia following the principle
of total mesangectomy, following the principle
of total mesorrectal excision (TME). The same
medical team performed all surgeries.
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Diagnostic criteria for anastomotic leakage

AL was observed one month after the opera-
tion. The diagnosis of AL was based on the
recommendations of the International Rectal
Cancer Research Group in 2010 [10]: (1)
Postoperative temperature increase for un-
known reasons (=38.5°C). (2) Obvious signs of
peritoneal irritation, sudden increase of drain-
age fluid, and fecal residue after the surgery.
Alternatively, the toner mixture was drained for
patients with suspicious AL after oral toner. (3)
Digital rectal examination revealed anastomot-
ic defect. (4) Imaging results indicated perfora-
tion of the digestive tract and excluded the pos-
sibility of perforation in other parts.

Statistical analysis

SPSS 20.0 software was used for statisti-
cal analysis. The categorical variables were
expressed by frequency and percentage and
compared between the two groups using the
chi squared (x?) test, and continuous variables
were expressed by (mean + standard deviation)
and compared between the two groups using
the independent sample t test. After the above
test, variables with P<0.1 were screened for
establishing a logistic regression model. The
receiver operating characteristic curve (ROC)-
area under curve (AUC) and Hosmer-Lemeshow
were used to evaluate the model differentiation
and calibration performance. The z-test was
used to compare the ROC curves of the test
and validation cohorts. A P value <0.05 indi-
cated a statistical difference.

Results

Characteristics of the test and validation
cohorts

There were no significant differences between
the test and validation cohorts in age, gender,
distance from the tumor to the anus, TNM
stage, preoperative albumin, preoperative ane-
mia, preoperative obstruction, preoperative
diabetes, neoadjuvant chemotherapy, and de-
functioning stoma between the two cohorts (all
P>0.05, Table 1).

Comparison of the AL and non-AL groups

AL occurred in 33 patients (9.2%) of the 358
patients after the Dixon surgery for rectal can-
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cer. Age, gender, distance from the tumor to the
anus, TNM stage, preoperative obstruction,
and preoperative diabetes were influencing
factors for AL after Dixon surgery (all P<0.1,
Table 2).

Prediction model of postoperative anastomotic
leakage

Further analysis was conducted based on logis-
tic regression, and seven risk factors were used
for model construction. The results showed
that the risk factors for postoperative AL with
rectal cancer were age >60 years, male, TNM
stage 2llla, preoperative obstruction, and the
distance from the tumor to the anus <7 cm,
while the protective factors for postoperative
AL of rectal Dixon was intraoperative defunc-
tioning stoma (all P<0.05, Table 3).

The risk score of postoperative anastomotic
leakage for colorectal cancer Dixon was calcu-
lated based on the following formula: Risk
score =-4.275 + 0.851 x age + 1.047 x sex +
0.851 x distance + 0.934 x stage + 0.983 x
obstruction. Figure 1A shows the AUC of the
risk score in test cohort was 0.762 (95% ClI:
0.667-0.856). The best cutoff, sensitivity and
specificity were 0.14, 79.60%, and 83.10%,
respectively, implying good differentiation of
this model. The AUC of the risk score in valida-
tion cohort is shown in Figure 1B. The AUC of
the validation cohort was not significantly dif-
ferent from that of the test cohort (Z=0.218,
P=0.827). Meanwhile, Hosmer-Lemeshow sh-
owed X?=6.876, P=0.550, indicating that the
prediction model had good calibration capabili-
ty and high accuracy (Figure 2).

Validation of the prediction model

We selected 400 patients with rectal cancer
who planned to undergo Dixon in our hospital to
verify the prediction model. A total of 39 cases
(9.75%) suffered from AL in this study popula-
tion. The sensitivity, specificity, and accuracy of
this model for predicting AL after rectal cancer
surgery were 82.05%, 80.06%, and 80.25%,
respectively (Table 4).

Discussion

We developed and verified a prediction model
for postoperative anastomotic leakage after
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Table 1. Demographic and clinical characteristics of the test and validation cohorts
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Variables Test cohort (N=358) Validation cohort (N=400) X2 P

Age 0.22 0.639
>60 years 160 (44.69%) 172 (43%)
<60 years 198 (55.31%) 228 (57%)

Gender 0.294 0.587
Male 195 (54.47%) 210 (52.5%)
Female 163 (45.53%) 190 (47.5%)

Distance from the tumor to the anus 0.696 0.404
<7 cm 197 (55.03%) 208 (52%)
>7 cm 161 (44.97%) 192 (48%)

TNM Stage 0.512 0.474
>|lla stage 165 (46.09%) 174 (43.5%)
<lIb stage 193 (53.91%) 226 (56.5%)

Preoperative albumin 0.931 0.335
<35¢g/L 19 (5.31%) 28 (T%)
>35¢g/L 339 (94.69%) 372 (93%)

Preoperative anemia 0.693 0.405
Yes 41 (11.45%) 49 (12.25%)
No 317 (88.55%) 351 (87.75%)

Preoperative obstruction 0.372 0.542
Yes 49 (13.69%) 61 (15.25%)
No 309 (86.31%) 339 (84.75%)

Diabetes 2.9 0.089
Yes 25 (6.98%) 42 (10.5%)
No 333 (93.02%) 358 (89.5%)

Neoadjuvant chemotherapy 1.489 0.222
Yes 16 (4.47%) 26 (6.5%)
No 342 (95.53%) 374 (93.5%)

Defunctioning stoma 0.864 0.353
Yes 63 (17.6%) 81 (20.25%)
No 295 (82.4%) 319 (79.75%)

TNM: Tumor-Node-Metastasis.

Dixon surgery for rectal cancer. We also pre-
dicted patients’ postoperative AL risk by com-
bining preoperative risk factors and whether or
not the surgery was performed during the sur-
gery. The risk-scoring model uses five easy-to-
evaluate characteristics. In addition, the model
has good discriminatory and calibration func-
tions that can provide clinicians and healthcare
workers with timely information on patients at
risk of postoperative anastomotic leakage and
to quickly allocate appropriate management,
medical support, and follow-up resources.

The results of this study showed that the inci-
dence was 9.20% and 9.75%, consistent with
previous research [11, 12]. Preventing postop-
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erative AL and correctly assessing risk factors
are the keys to solve the problem. In the logistic
regression model, age over 60 years, male,
TNM stage 2llla, preoperative combined ob-
struction, and distance of tumor to the anus <7
cm from anal margin were found to be valuable
predictors of postoperative anastomotic leak-
age in these patients, and intraoperative de-
functioning stoma could reduce the risk of
postoperative anastomotic leakage.

An evidence-based medical study concluded
that age >60 was a risk factor for anastomotic
leakage [13]. With the increase of age, the
bodies resistance has decreased, and anti-
infection ability, wound healing ability and body
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Table 2. Demographic and clinical characteristics of the test cohorts across anastomotic leakage

(N=358)

Variables Anastomotic leakage Non-Anastomotic leakage X2 P

Age 5.277 0.022
>60 years 21 (13.13%) 139 (38.83%)
<60 years 12 (6.06%) 186 (51.96%)

Gender 6.643 0.01
Male 25 (12.8%) 170 (47.49%)
Female 8 (4.9%)

Distance from the tumor to the anus 4.602 0.032
<7 cm 24 (12.2%) 173 (48.32%)
>7 cm 9 (5.6%) 152 (42.46%)

TNM Stage 6.195 0.013
>llla stage 22 (13.3%) 143 (39.94%)
<lIb stage 11 (5.7%) 182 (50.84%)

Preoperative albumin 0.041 0.839
<35¢g/L 2 (10.5%) 17 (4.75%)
>35¢g/L 31 (9.1%) 308 (86.03%)

Preoperative anemia 0.693 0.405
Yes 5 (12.2%) 36 (10.06%)
No 28 (8.8%) 289 (80.73%)

Preoperative obstruction 5.679 0.017
Yes 9 (18.37%) 40 (11.17%)
No 24 (7.77%) 285 (79.61%)

Diabetes 3.734 0.053
Yes 5 (20.0%) 20 (5.59%)
No 28 (8.4%) 305 (85.20%)

Neoadjuvant chemotherapy 0.216 0.642
Yes 2 (12.5%) 14 (3.91%)
No 31 (9.1%) 311 (86.87%)

Defunctioning stoma 5.32 0.021
Yes 1 (1.59%) 62 (17.32%)
No 32 (10.85%) 263 (73.46%)

metabolism ability were significantly reduced.
Domestic scholars have also pointed out that
elderly patients often have a variety of compli-
cations, which significantly increases the inci-
dence of surgical complications under surgical
stress [14]. The logistic regression results sug-
gested that age significantly correlated with
postoperative AL. It may be that rectal malig-
nancy is a wasting disease, most elderly pa-
tients are affected by nutritional risks, and vari-
ous underlying diseases.

A meta-analysis spanning 10 years in China
reported that men had higher AL than women
after laparoscopic rectal cancer surgery (OR=
2.41, P<0.05) [15]. Among the 33 patients with
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postoperative AL in this study, 25 cases were
male. The results suggested that being a male
was an independent risk factor for the occur-
rence of AL after laparoscopic Dixon surgery,
which is also supported by other reports [16-
18]. The male pelvis is smaller than the female
pelvis, which increases the surgery require-
ments. In order to fully expose the operative
field, there is often more damage to the sur-
rounding tissue, which can easily lead to poor
blood supply to the anastomosis, affecting
healing and thus leading to anastomotic leak-
age [17, 19, 20].

Some scholars believe that in TNM staging,
middle and late rectal cancer is a risk factor

Am J Transl Res 2023;15(6):4390-4398
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Table 3. Logistic regression analysis of anastomotic leakage after rectal cancer surgery

Variables B Wald x? P OR 95% Cl
Age >60 years 0.851 5.072 0.024 2.342 1.114~4.920
Male 1.047 4.135 0.042 2.849 1.248~6.504
Distance from the tumor to the anus <7 cm 0.851 4.516 0.034 2.343 1.056~5.198
TNM stage >llla 0.934 6.685 0.010 2.545 1.195~5.422
Preoperative intestinal obstruction 0.983 9.973 0.002 2.672 1.160~6.155
Diabetes 1.002 2.367 0.112 2.723 0.949~7.810
Prophylactic ileostomy -2.017 9.445 0.002 0.133 0.018~0.989
Intercept -4.275 45.019 <0.001
A 10 B 1.0

0.8 0.8
£ 0.6 > 0.6
= >
@ =
9 & AUC: 0.759
(] ] . 0.

0.4+ w 0.4 o/ Ol ~
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95%Cl: 0.667-0.856
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Figure 1. Receiver operating characteristic (ROC) curves of the test (A) and validation (B) cohorts.
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Figure 2. Calibration curves for the prediction model.
associated with AL [20]. Especially in the T
stage, the more the tumor invades or adheres

to the surrounding tissues, the larger the sur-
gical scope, the smaller the operating space,
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the higher the requirements for surgical tech-
niques, and the more tissues need to be re-
moved, which would lead to increased anasto-
motic tension and insufficient blood supply.

The degree of preoperative obstruction is posi-
tively correlated with the risk of postoperative
anastomosis. Obstruction resulted in intestinal
fluid and gas expansion of different degrees,
intestinal ischemia, intestinal wall edema, and
brittle tissues, which can easily tear after anas-
tomosis. In addition, the intestinal preparation
before the intestinal obstruction is not ideal,
which is easy to cause local infection and
inflammatory reaction after the surgery, result-
ing in slow anastomotic healing and AL.

The distance from the tumor to the anus is
closely related to postoperative AL and has
been continuously reported as an essential fac-
tor. It is generally believed that the lower the

Am J Transl Res 2023;15(6):4390-4398



Anastomotic fistula after anal preservation

Table 4. Clinical validation of the prediction model

Actual anastomotic leakage

Predictive anastomotic leakage Yes No Total  Sensitivity Specificity Accuracy rate
Yes 32 72 104

No 7 289 296 82.05% 80.06% 80.25%
Total 39 361 400

anastomosis position, the higher the probabili-
ty of AL [21]. The shorter the distance between
the tumor and the anus, the higher the risk of
AL occurrence in the randomized controlled
trial involving 946 cases of postoperative AL of
rectal cancer [22]. Another prospective study
[23] indicated that the anastomosis from the
anus <5 cm was a risk factor for postoperative
AL (OR=2.38, 95% Cl=1.03-5.46). This study
divided the distance of the tumor to the anus
into <7 cm and >7 cm. The incidence of anasto-
motic leakage in the <7 cm group and >7 cm
was 12.2% and 5.65%, respectively. The results
indicated that the distance of the tumor to the
anus <7 cm was an independent risk factor for
anastomotic leakage.

As the first RCT study of prophylactic ostomy
for low rectal cancer, the study of Swedish
RECTODES [24] showed that prophylactic osto-
my could significantly reduce the incidence
of postoperative AL (10.3%/28.0%). In recent
years, many results have shown that for pa-
tients with high-risk factors of AL, a defunction-
ing stoma is an effective measure to reduce
the incidence of AL after rectal cancer surgery,
shorten the healing time, and decrease the rate
of reoperation as well as perioperative mortali-
ty [25]. Here, we found that prophylactic osto-
my can effectively reduce the incidence of post-
operative AL. We conclude that fecal diversion
and reduction of postoperative rectal pressure
effectively reduce postoperative AL. For the
anastomotic orifice with the poor anastomotic
condition, intestinal tube edema and spasm
occur under the inflammatory stimulation of
stool, resulting in increased intestinal pressure
and subclinical AL. The incidence of postopera-
tive AL significantly increases with the further
aggregation of peripheral micro-abscess le-
sions in patients with other high-risk factors. A
defunctioning stoma could reduce the inflam-
matory stimulation of postoperative stool to the
anastomosis with a decline in the static pres-
sure of the anastomosis to effectively reduce
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the occurrence of postoperative AL. Therefore,
for patients combined with high-risk factors
who undergo Dixon surgery, such as low or even
ultra-low rectal cancer, older age, poor preop-
erative intestinal preparation, an intraopera-
tive defunctioning stoma is undoubtedly a safe
measure to prevent postoperative AL.

Diabetes patients are often accompanied by
three major nutrient metabolism disorders.
Insulin resistance is likely to occur during sur-
gical stress, resulting in elevated blood sugar,
slow tissue healing and weakened anti-infec-
tion ability, thus increasing the risk of poor
postoperative anastomotic healing [26, 27].
Several studies have reported that diabetic
tumor patients are prone to postoperative AL
[28-30]. In this study, five diabetic patients
developed AL (5/25). Due to the small number
of diabetic patients included in this group,
strong evidence of a significant correlation
between preoperative diabetes mellitus and
postoperative AL cannot be obtained for the
time being. However, perioperative blood glu-
cose control is required for diabetic patients,
which also has a particular preventive effect
on postoperative AL [31].

Other variables like surgical time and blood
loss may also be important in developing an-
astomotic leakages [32]. We did not include
these potential variables due to the following
issues. The main reason is that the intraopera-
tive management strategies of different pa-
tients are quite different. Operation duration is
related to doctors’ operating techniques and
patients’ physical conditions, so surgery dura-
tion and blood loss are not easily included in
the prediction model as control variables. In
addition, including these intraoperative risk
factors would delay the calculation of risk
assessment, which could lead to a delay in the
prevention and intervention of anastomotic
leakage. Since the current risk model produces
good predictive performance, it is unnecessary
to include additional variables further.
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There are several significant limitations to this
study. Constructing a prediction model based
on retrospective data may add some uncertain-
ty to the final results. First, this study includes
many influencing factors, and the sample size
is small, so confounding factors cannot be
excluded entirely. Secondly, the timeline of
medical records is long, and the influence of
surgical environment, surgical equipment and
other aspects on anastomotic leakage has not
been determined. The large sample and multi-
center prospective study will help further verify
its application value for predicting postopera-
tive anastomotic leakage.

In summary, age =60 years, male, preopera-
tive obstruction, medium-low rectal cancer,
medium-late tumor TMN, and preoperative dia-
betes can increase the risk of postoperative
anastomotic leakage of rectal cancer, and
intraoperative defunctioning stoma can signifi-
cantly reduce the incidence of AL. The predic-
tion model constructed based on these factors
has a high predictive value for the occurrence
of AL after Dixon surgery for rectal cancer,
which is conducive to clinical assessment of
patients’ conditions, identification and early
intervention of high-risk patients to reduce the
risk of postoperative AL.
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