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Risk assessment of rectal anastomotic leakage @
(RAREAL) after DIXON in non-emergency
patients with rectal cancer

Xue-Cong Zheng"", Jin-Bo Su? and Jin-Jie Zheng'

Abstract

Background The routine establishment of a diverting stoma (DS) remains controversial in every patient undergoing
Dixon operation. We aimed to establish a model for the risk assessment of rectal anastomotic leak (RAREAL) after
Dixon in non-emergency patients with rectal cancer, using routinely available variables, by which surgeons could
individualize their approach to DS.

Methods 323 patients who underwent Dixon operation for rectal cancer from January 2015 to December 2018

were taken as the model group for retrospective study. Univariable and multivariable logistic regression analysis was
used to determine the independent risk factors associated with anastomotic leakage. We constructed the RAREAL
model. 150 patients who underwent Dixon operation due to rectal cancer from January 2019 to December 2020 were
collected according to the uniform criteria as a validation group to validate the RAREAL model.

Results In the model group, multivariable analysis identified the following variables as independent risk factors for
AL: HbATc (odds ratio (OR)=4.107; P=0.044), Left colic artery (LCA) non preservation (OR=4.360; P=0.026), Tumor
distance from the anal margin (TD) (OR=6.373; P=0.002). In the model group, the area under the curve (AUC) of the
receiver operating characteristic (ROC) for evaluating AL with RAREAL was 0.733, and when RAREAL score=2.5, its
sensitivity, specificity and Youden index were 0.385, 0.973, 0.358, respectively. The AUC was 0.722 in the validation
group and its sensitivity and specificity were 0.333 and 0.985, respectively, when RAREAL score=2.5.

Conclusion The RAREAL score can be used to assess the risk of AL after Dixon operation for rectal cancer, and
prophylactic DS should be proactively done when the score is greater than 2.5.
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Background

Low anterior resection with preservation of the anal
sphincter (Dixon operation) is an increasingly common
procedure for rectal cancer surgery. Anastomotic leakage
(AL) is a major and serious surgical complication after
anterior resection of rectal cancer, which continues to
occur despite advances in surgical techniques and treat-
ments. The reported incidence of AL in rectal surgery
ranges from 3-19% [1]. AL is associated with prolonged
hospital stay, increased medical costs, and higher mor-
bidity and mortality in a short period of time. AL also
promotes pelvic tumor recurrence and reduces overall
survival [2].

Given the serious consequences of AL, most surgeons
prefer prophylactic diverting stoma (DS) for high-risk
patients with AL. But many of them may not develop AL
even without a prophylactic DS, which would put the
patient at risk of DS related complications and second
surgical closure. Studies have shown that DS significantly
delays postoperative recovery of patients. DS and stoma
closure can lead to severe complications such as intes-
tinal leak, ileus, intestinal perforation, intra-abdominal
infection, disturbance of water electrolyte balance and
renal dysfunction, as well as impair patient quality of life
[3, 4]. And there may be increased spending on health
care funds in these situations, which surgeons need to
consider carefully.

Therefore, rapid and accurate prediction of AL assess-
ment is essential for early treatment and DS in Dixon
patients, while avoiding unnecessary invasive procedures
in low-risk patients. Our aim was to identify preopera-
tive and intraoperative risk factors using simple and com-
monly used variables. These risk factors were then used
to establish a risk assessment of rectal anastomotic Leak
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Fig. 1 Flowchart of experimental design in our study

Page 2 of 12

(RAREAL) model after DIXON surgery for rectal cancer,
which was used to assess the risk of developing AL. We
used this risk assessment model to help surgeons decide
whether to perform a protective DS when performing
sphincter-preserving surgery for rectal cancer.

Materials and methods

Patients and study design

We retrieved the electronic medical records of the Sec-
ond Affiliated Hospital of Fujian Medical University
between January 2015 and December 2020, and selected
the information of 721 hospitalized patients who had
undergone Dixon surgery for rectal cancer who were hos-
pitalized during this period. Exclusion criteria: patients
with intestinal obstruction (47 cases), patients with rec-
tal perforation (6 cases), patients with distant metastasis
(38 cases), patients with incomplete hospitalization data
(26 cases), and patients with prophylactic diverting stoma
(131 cases). A total of 473 consecutive patients who had
undergone DIXON for rectal cancer were screened and
collected. Signed informed consent was obtained from
all study subjects. This study was approved by the eth-
ics committee of the Second Affiliated Hospital of Fujian
Medical University (2,022,208).

A total of 323 hospitalized patients who underwent
Dixon surgery for rectal cancer from January 2015 to
December 2018 were used as the modeling group, which
were divided into NAL group (297 patients) and AL
group (26 patients) according to whether AL occurred
after surgery. A total of 150 hospitalized patients who
underwent DIXON surgery for rectal cancer from Janu-
ary 2019 to December 2020 were selected as the valida-
tion group, including the NAL group (135 cases) and the
AL group (15 cases) (Fig. 1).

The investigated variables were age, gender, smoking,
Alcohol excess, body mass index (BMI), Previous his-
tory of malignancy, hypertension, preoperative chemo-
radiotherapy (PCT), diabetes mellitus, HbAlc (glycated
hemoglobin), American Society of Anesthesiologists
physical status classification (ASA ), operation time,
intraoperative blood loss, left colic artery (LCA) preser-
vation, tumor distance from the anal margin (TD), num-
ber of staples, surgical approach, pathological T stage,
pathological N stage, TNM stage, and tumor histological
differentiation.

Each patient underwent bowel preparation by oral
polyethylene glycol electrolyte solution combined with
prophylactic oral enteric antibiotics on the first preop-
erative day. All surgeries were performed by experienced
and skilled colorectal surgeons. According to the criteria
of the learning curve of laparoscopic colorectal cancer
resection, after 40 laparoscopic colorectal cancer sur-
geries were carried out, the operating technique of the
operating surgeon could achieve a degree of comparative
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stability [5, 6]. We considered surgeons who carry out
more than 40 laparoscopic colorectal cancer proce-
dures to be experienced and skilled colorectal surgeons.
The principles of total mesorectal excision (TME) were
strictly followed for both open and laparoscopic proce-
dures. For transection and anastomosis of the rectum,
linear cutting closure device was used for rectal resec-
tion, and circular stapler was used for rectal anastomosis.
In each patient with an anastomosis for rectal resection,
an ECHELON linear cut closure device was used for rec-
tal resections, and an Ethicon Endo-surgery circular sta-
pler was used for rectal anastomoses. The circular stapler
was a double-rows. In recent years, intraoperative indo-
cyanine green (ICG) angiography has been introduced
into clinical practice to provide useful information on
intraoperative vascular perfusion. However, according to
some studies, it does not significantly reduce anastomotic
leakage rates [7, 8]. There are still some drawbacks to the
technique of intraoperative ICG angiography evaluation.
One drawback is the optimal dosage and timing of ICG
prior to evaluation. The vascular system has a fast wash-
out time, and an accurate injection protocol is still to be
discovered. Another drawback is the lack of strict analy-
sis methods to objectively quantify signal intensity, and
the evaluation of images still depends on the surgeon’s
judgment. It is currently unclear what precise blood flow
rate is required to ensure satisfactory healing of intestinal
tissues [7]. Intraoperative air leak test (ALT) is a widely
accepted measure to prevent AL [9, 10]. After anasto-
mosis, the ALT was performed on all patients. When
the leak test was positive, the anastomosis was repaired
by suturing until a negative result was obtained. After
anastomosis, the pelvic cavity and abdominal cavity were
irrigated with a large amount of distilled water to clean,
and a rubber drain was routinely left in place next to the
rectal anastomosis in the pelvic cavity.
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A multidisciplinary team (MDT) of physicians with
independent diagnostic and therapeutic capabilities,
mainly from colorectal surgery and anesthesiology
departments, including cardiovascular medicine, respi-
ratory medicine, endocrinology, neurology, hematology,
Nephrology, nutrition and other related clinical depart-
ments, was established. Each rectal cancer patient was
consulted by the MDT team. If the patient had diseases
for which no preoperative normative treatment has been
administered such as: severe hypertension, arrhythmia,
bronchial asthma attack, severe chronic bronchitis, acute
exacerbation of emphysema, pneumonia, poorly con-
trolled severe hyperglycemia, severe thyroid dysfunction,
brain dysfunction, uncontrolled coagulopathy, severe
anemia, severe electrolyte imbalance, malnutrition, psy-
chological disorders, and so on, the MDT team would
administer optimized treatments to the patient, and
then the patient would undergo surgical treatments at a
limited period. All patients received adequate nutrition,
anti-infection and other symptomatic treatment after
operation.

Definition of AL

Clinical diagnostic criteria for AL [11]: clinical signs of
AL were considered if the pelvic drain was draining pus
or stool and there were suspicious symptoms of peri-
tonitis, including abdominal pain, tenderness, fever,
tachycardia, or severe inflammation on blood tests. AL
was further confirmed by CT scan or colonoscopy. Posi-
tive CT scan: abscess and effusion or air bubbles around
the anastomosis; Positive colonoscopy: the rectal cav-
ity communicates with the extracavity (Fig. 2). Enema
with contrast agent was not routinely performed in our
department, and asymptomatic AL was not considered.
All rectal cancers were confirmed as primary rectal

(b)

Fig. 2 Image of AL. (a) Computed tomography scan of the pelvis: air bubbles and fluid around the rectal anastomosis; (b) Colonoscopy: rectal anasto-

motic defect
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adenocarcinomas by preoperative colonoscopy as well as
postoperative pathology.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 soft-
ware. Normally distributed measurement data are rep-
resented by 7 4, and skewed distribution data are
represented by median (first and third quartiles) [M (P25,
P75)]. Enumeration data were expressed as the number
of cases (%). The t test, x*test and Mann-Whitney U test
were used for statistical analysis of the two groups of
data in the NAL group and the AL group. Multivariable
Logistic regression analysis was used to obtain the risk
factors of the AL group, and the partial regression coef-
ficient was rounded into the score of the corresponding
risk factor index. Risk assessment of rectal anastomotic
leak (RAREAL) score was used to express the risk of AL
group. The area under the curve (AUC) of the receiver
operating characteristic (ROC) and the Youden index
were used to evaluate the RAREAL score. The maximum
Youden index obtained corresponds to the sensitivity
and specificity of RAREAL. The RAREAL score was per-
formed on the patients in the modeling group, the ROC
curve was used for analysis, and the Z test was used to
evaluate the consistency of the ROC curve between the
modeling group and the validation group. P<0.05 was
considered to be statistically significant.

Result

Analysis of clinical data

A total of 473 patients who underwent DIXON surgery
for rectal cancer were retrospectively collected. The
incidence of AL was 8.7% (41/473), of which the inci-
dence of AL in the model group and AL in the validation
group were 8.0% (26/323) and 10.0% (15/150), respec-
tively. There were no statistically significant differences
between the two groups (model and validation) as shown
in Table 1.

Analysis of patient related factors in the model group
Compared with the NAL group, there were more male
patients (P=0.034) and PCT (P=0.021) in the AL group.
Patients with HbAlc (>6.3%) also had significantly higher
AL after surgery (P=0.032). There was no significant dif-
ference in age, smoking, Alcohol excess, BMI, Previous
history of malignancy, Diabetes mellitus, hypertension
and ASA between AL group and NAL group.

Analysis of surgical related factors in model group

There were more patients with LCA non preservation
(P=0.033) and with more than 2 staples (P=0.016) in the
AL group compared with the NAL group. There was no
significant difference in operation time, intraoperative
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blood loss, surgical approach and DS between the AL
group and the NAL group.

Analysis of tumor related factors in the model group
Compared with the NAL group, the AL group had more
patients with TD (<7 c¢cm) (P=0.001). There was no sig-
nificant difference in pathological T stage, pathological N
stage, TNM stage and tumor histological differentiation.

The clinical information and results of the univariable
analysis of the patients in the model group are shown in
Table 2.

Information for validation group

The incidence of AL in 150 patients undergoing DIXON
surgery for rectal cancer was 10.0% (15/150). Patients
with TD (<7 cm) were 52.0% (78/150) which was slightly
higher than 50.2% (162/323) of the model group. Among
them, there are 135 cases of NAL and 15 cases of AL. The
information of the patients in the validation group was
shown in the Table 3.

Construction of RAREAL model

Transformations that convert continuous variables to
categorical variables

For the convenience of constructing the RAREAL model,
the glycated hemoglobin (HbAlc) variable, which is a
continuous variable, was converted into a dichotomous
variable (>6.3%, <6.3%)[>45mmol/mol,<45mmol/mol]
according to the clinical test reference range of HbAlc
(3.9-6.3%)[30 mmol/mol —45mmol/mol] .

Model building

AL after DIXON operation for rectal cancer was used as
the dependent variable, and age, gender, smoking, alco-
hol excess, BMI, Previous history of malignancy, hyper-
tension, PCT, diabetes mellitus, HbAlc, ASA, operation
time, intraoperative blood loss, LCA preservation, num-
ber of staples, surgical approach, TD, pathological T
stage, pathological N stage, TNM stage, and tumor his-
tological differentiation were used as independent vari-
ables. Univariable analysis showed that male (P=0.034),
HbAlc (>6.3%) (P=0.032), PCT (P=0.021), LCA non
preservation (P=0.033), TD (<7 cm) (P=0.001) and more
than 2 staples fired during surgery (P=0.016) were risk
factors for AL. Further logistic regression analysis found
that HbAlc (>6.3%) (odds ratio (OR) 4.107; 95% confi-
dence interval (CI) 1.037-16.267; P=0.044), LCA non
preservation (OR 4.360; 95% CI 1.190-15.976; P=0.026),
TD (<7 cm) (OR 6.373; 95% CI 2.027-20.031; P=0.002)
were independent of AL risk factors (Table 4). Multivari-
able equation: Y=-6.778+1.413x1+1.472%2+1.852%3
(Y: AL, X1: HbAlc (>6.3%), X2: LCA non preservation,
X3: TD (<7 cm)).
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Table 1 characteristics of patients in the model group and the validation group

Factors Model (n=323) Validation (n=150) P

Patient related factors

Agelyears, 7 +g) 595116 593108 0829
Gender, n=No (%) 0.442

Female 111(34.4%) 57(38.0%)

Male 212(65.6%) 93(62.0%)

AL 0483

Yes 26(8.0%) 15(10.0%)

No 297(92.0%) 135(90.0%)

Smoking, n=No (%) 0.201

Yes 85(26.3%) 48(32.0%)

No 238(73.7%) 102(68.0%)

Alcohol excess, n=No (%) 0.296

Yes 76(23.5%) 42(28.0%)

No 247(76.5%) 108(72.0%)

Previous history of malignancy, n=No (%) 0.704

Yes 37(11.5%) 19(12.7%)

No 286(88.5%) 131(87.3%)
BMI(ka/m? 7 +5) 225+27 228+26 0.335
HbATc, n=No (%)

<6.3% 304(94.1%) 141(94.0%) 0.960

>6.3% 19(5.9%) 9(6.0%)

Diabetes mellitus, n=No (%) 0.936

Yes 70(21.7%) 33(22.0%)

No 253(78.3%) 117(78.0%)

Hypertension, n=No (%) 0.632

Yes 104(32.2%) 45(30.0%)

No 219(67.8%) 105(70.0%)

PCT, n=No (%) 0.338

Yes 49(15.2%) 28(18.7%)

No 274(84.8%) 122(81.3%)

ASA grade, n=No (%) 0.547

3 38(11.8%) 13(8.7%)

2 98(30.3%) 50(33.3%)

1 187(57.9%) 87(58.0%)

Surgical related factors
Operation time(min) 0.162

Median(IQR) 170(155, 190) 180(155, 210)

Intraoperative blood loss (ml) 0.836

Median(IQR) 40 (40,50) 40 (40,50)

LCA preservation, n=No (%) 0.435

Yes 280(86.7%) 126(84.0%)

No 43(13.3%) 24(16.0%)

Number of staples fired, n=No (%) 0.192

1or2 262(81.1%) 129(86.0%)

>2 61(18.9%) 21(14.0%)

Surgical approach, n=No (%) 0212

Laparoscopic 270(83.6%) 132(88.0%)

Open 53(16.4%) 18(12.0%)

Tumor related factors

TD, n=No (%) 0.709
>7.cm 161(49.8%) 72(48.0%)
<7cm 162(50.2%) 78(52.0%)

Pathological T stage, n=No (%) 0.136
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Table 1 (continued)
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Factors Model (n=323) Validation (n=150) P
Tis, T1,T2, 121(37.5%) 67(44.7%)
T3and T4 202(62.5%) 83(55.3%)

Pathological N stage, n=No (%) 0.905
NO 90(27.9%) 41(27.3%)
NTand N2 233(72.1%) 109(72.7%)

TNM stage, n=No (%) 0.126
| 35(10.8%) 10(6.7%)
Il 129(39.9%) 73(48.7%)
I 159(49.2%) 67(44.7%)

Tumor histological differentiation, n=No (%) 0419
High 126(39.0%) 55(36.7%)
Moderate 97(30.0%) 54(36.0%)
Low 100(31.0%) 41(27.3%)

AL anastomotic leakage, BMI body mass index, HbAlc glycated hemoglobin, PCT preoperative chemoradiotherapy, ASA American Society of Anesthesiologists
physical status classification, IQR interquartile range, LCA left colic artery, TD tumor distance from the anal margin

The partial regression coefficients of the equation were
1.413, 1.472, and 1.852, respectively. The partial regres-
sion coefficients were rounded to the corresponding
scores of the indicators to establish the RAREAL model
for AL. The score for HbAlc (>6.3%) was 1, for LCA non
preservation was 1, and for TD (<7 cm) was 2.

Diagnostic effect of RAREAL model analyzed by ROC curve
and comparison of ROC curve of two groups

When the maximum Youden index of the model group
was 0.358, the corresponding best cut-off point of RAR-
EAL was 2.5, the AUC (95%CI) was 0.733 (0.615-0.852),
and its diagnostic sensitivity and specificity were 0.385,
0.973 (Fig. 3a). When the RAREAL score was 2.5 as
the diagnostic cutoft in the validation group, the AUC
(95%CI) was 0.722 (0.573-0.871), and its corresponding
sensitivity and specificity were 0.333 and 0.985, respec-
tively (Fig. 3b). There was no significant difference in the
AUC of the ROC between the two groups (P=0.9096)
(Table 5).

RAREAL scoring system

The score for HbAlc (>6.3%) was 1, for LCA non pres-
ervation was 1, and for TD (<7 cm) was 2 in RAREAL
model. Number of patients and incidence of AL cor-
responding to the score values of the RAREAL scoring
system (Table 6). When the score was greater than 2.5,
the incidence of AL was significantly higher (58.33%).
This was only a model with a small sample and was of
some reference value. With the progress of research and
the improvement of data, more clinical data would be
included in the discussion, and the established prediction
model would be closer to the actual situation.

Discussion

AL is a major and serious surgical complication after
anterior resection of rectal cancer. Many previous clini-
cal studies have investigated many potential risk factors
for AL after colorectal cancer surgery, including multiple
perioperative factors [1, 12—14]; combined with relevant
risk factors, a variety of predictive models for AL after
colorectal cancer surgery have been established [15-18];
however, the weights used in their reported models were
different, and emergency factors were taken into account
in many studies. To date, no accurate risk prediction
model for AL after anterior rectal resection has been
established. Emergency patients did not have sufficient
time to correct risk factors such as anemia, hypoalbumin-
emia, diabetes, hypertension, and water and electrolyte
disturbances. In emergency patients, due to the rushed
preoperative preparation, it is not possible to completely
remove feces from the intestinal lumen, which reduces
bacterial colonization. Poor bowel preparation increases
the risk of complications such as AL and wound infection
after surgery. Due to the intestinal dilation and the intes-
tinal wall edema, the difficulty of intraoperative surgical
procedures and dissection in emergency patients would
also increase. All these factors also had a greater impact
on intraoperative risk factors. These factors would also
have a negative impact on cardiopulmonary function,
and there would be more chances of postoperative car-
diopulmonary complications, inflammatory storm, post-
operative complications and AL. Many risk factors would
have sufficient time to be corrected and improved in
non-emergency limited-term surgery patients. For non-
emergency patients with limited-term surgery, if these
preoperative correctable risk factors were included in
the analysis and prediction, the model construction may
be biased and the performance of the model would be
adversely affected, and the findings of these studies have
not been further validated in other cohorts.
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Table 2 characteristics of patients in the model group
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Factors AL (n=26) NAL (n=297) P
Patient related factors

Agelyears, 7 +g) 61.9£76 593119 0276
Gender, n=No (%) 0.034

Female 4(15.4%) 107(36.0%)

Male 22(84.6%) 190(64.0%)

Smoking, n=No (%) 0.942

Yes 7(26.9%) 78(26.3%)

No 19(73.1%) 219(73.7%)

Alcohol excess, n=No (%) 0.364

Yes 8(30.8%) 68(22.9%)

No 18(69.2%) 229(77.1%)

Previous history of malignancy, n=No (%) 0.530

Yes 2(7.7%) 35(11.8%)

No 24(92.3%) 262(88.2%)
BMIkg/m2 T 4g) 222421 226+27 0473
HbA1c, n=No (%) 0.032

<6.3% 22(84.6%) 282(94.9%)

>6.3% 4(15.4%) 15(5.1%)

Diabetes mellitus, n=No (%) 0417

Yes 4(15.4%) 66(22.2%)

No 22(84.6%) 231(77.8%)

Hypertension, n=No (%) 0.783

Yes 9(34.6%) 95(32.0%)

No 17(65.4%) 202(68.0%)

PCT,n=No (%) 0.021

Yes 8(30.8%) 41(13.8%)

No 18(69.2%) 256(86.2%)

ASA grade, n=No (%) 0916

3 3(11.5%) 35(11.8%)

2 7(26.9%) 91(30.6%)

1 16(61.5%) 171(57.6%)

Surgical related factors
Operation time(min) 0.265

Median(IQR) 180(150.0,213.4) 170(155.0, 190.0)

Intraoperative blood loss (ml) 0.572

Median(IQR) 45.0(27.5,72.5) 40.0 (40.0,50.0)

LCA preservation, n=No (%) 0.033

Yes 19(73.1%) 261(87.9%)

No 7(26.9%) 36(12.1%)

Number of staples fired, n=No (%) 0.016

Tor2 16(61.5%) 246(82.8%)

>2 10(38.5%) 51(17.2%)

Surgical approach, n=No (%) 0.685

Laparoscopic 21(80.8%) 249(83.8%)

Open 5(19.2%) 48(16.2%)

Tumor related factors
TD, n=No (%) 0.001

>7cm 5(19.2%) 156(52.5%)

<7cm 21(80.8%) 141(47.5%)

Pathological T stage, n=No (%) 0.114

Tis, T1,T2, 6(23.1%) 115(38.7%)

T3and T4 20(76.9%) 182(61.3%)

Pathological N stage, n=No (%) 0.139
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Table 2 (continued)
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Factors AL (n=26) NAL (n=297) P
NO 4(15.4%) 86(29.0%)
N1 and N2 22(84.6%) 211(71.0%)

TNM stage, n=No (%) 0.172
| 3(11.5%) 32(10.8%)
Il 6(23.1%) 123(41.4%)
Il 17(65.4%) 142(47.8%)

Tumor histological differentiation, n=No (%) 0.402
High 12(46.2%) 114(38.4%)
Moderate 9(34.6%) 88(29.6%)
Low 5(19.2%) 95(32.0%)

AL anastomotic leakage, NAL non anastomotic leakage, BMI body mass index, HbA1lc glycated hemoglobin, PCT preoperative chemoradiotherapy, ASA American
Society of Anesthesiologists physical status classification, IQR interquartile range, LCA left colic artery, TD tumor distance from the anal margin

The patients in our study were all non-emergency sur-
gical patients at a restricted period, with sufficient time
to complete relevant preoperative tests and correct
comorbidities such as hypoalbuminemia, anemia, hyper-
tension, and hyperglycemia preoperatively, with better
adjustment of the cardiopulmonary function. The study
of postoperative factors affecting AL may be more real
and reasonable.

Patient related factors: In this study, male, PCT, and
HbAlc (>6.3%) were risk factors for postoperative AL.
Male was a risk factor for AL, possibly due to the nar-
rower and more complex anatomy of the male pelvis,
which increased the difficulty of operation and tran-
section of the rectal bowel [14, 19]. For patients with
locally advanced rectal cancer, neoadjuvant therapy has
been recognized as an important treatment modality to
improve clinical outcomes. Previous studies have shown
that PCT generally increases infection of the perineum
and perineal wounds and prolongs anastomotic healing,
possibly due to compromised immune systems that fight
infection and tumor immunity. In addition, PCT usu-
ally caused inflammation and edema of the anastomosis,
resulting in relative anastomotic ischemia, local inflam-
mation and tissue fibrosis, which was not conducive to
anastomotic healing, increases the risk of postoperative
wound infection and pelvic abscess, and increases the
incidence of AL [20]. The incidence of complications and
mortality after major surgery in diabetic patients were
significantly higher than those in non-diabetic patients.
Poor glycemic control was an important risk factor for
postoperative complications in diabetic patients, espe-
cially in relation to the incidence of microvascular
complications [21]. In our study, it was found that the
Diabetes mellitus was not significantly related to AL after
rectal cancer surgery, but high HbAlc was associated
with the risk of rectal AL. Further multivariable analysis
found that HbAlc (>6.3%) was an independent risk fac-
tor for AL. HbA1lc reflected average blood glucose over
approximately 3 months and has strong predictive value

for diabetic complications. Reducing HbAlc from 7 to
6% [53 mmol/mol to 42 mmol/mol] reduced microvascu-
lar complications of diabetes [22].

Tumor related factors and surgical related factors: In
our study, it was found that LCA non preservation, low
rectal cancer and more than two staples fired were the
risk factors for AL. In many previous studies, the level
of rectal anastomosis has been considered a risk factor
for AL [23], and low rectal cancer was found to be an
independent risk factor in the present study. Low rec-
tal cancer meant that the distance from the anus of the
anastomosis was less than 5 cm intraoperatively and the
difficulty of performing rectal transection and rectal
anastomotic techniques increased, in addition, a reduced
level of anastomosis could also lead to a reduced blood
supply to the anastomosis. In our study, intraoperative
LCA non preservation was clearly associated with AL
and was an independent risk factor. The blood supply of
the anastomosis was of great importance to prevent the
occurrence of AL, which has become a consensus that
therapeutic surgery preserving LCA could improve the
blood supply of the anastomosis and reduce the compli-
cations of the anastomosis [24, 25]. Intraoperative more
than 2 staples were found to be a risk factor for AL in this
study. Rectal cancer surgery was generally more difficult
than colon cancer surgery. Because of the poor surgical
field of view and the limited operating space of the pel-
vic cavity, the angle of cleavage of linear stapler cut was
not well adjusted during surgery, which increased the
difficulty of rectal transection, especially when low rec-
tal resections were performed, often requiring more lin-
ear stapler. An increased number of linear stapler might
cause small defects between the staples, while excessive
pressing of the tissue was bound to cause local endothe-
lial damage and secondary thrombosis affecting the local
blood supply, leading to complications such as AL [13,
26].

Based on our results, a scoring model for the RAR-
EAL (Risk Assessment of REctal Anastomotic Leak) was
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Table 3 characteristics of patients in the validation group
Factors AL(n=15) NAL(n=135) P
Patient related factors

Agelyears, 7 +g) 63397 5861108 0133

Gender, n=No (%) 0.130
Female 3(20.0%) 54(40.0%)
Male 12(80.0%) 81(60.0%)

Smoking, n=No (%) 0.907
Yes 5(33.3%) 43(31.9%)
No 10(66.7%) 92(68.1%)

Alcohol excess, n=No (%) 0.904
Yes 4(26.7%) 38(28.1%)
No 11(73.3%) 97(71.9%)

Previous history of malignancy, n=No (%) 0.461
Yes 1(6.7%) 18(13.3%)
No 14(93.3%) 117(86.7%)

BMIkg/m2, T 4g) 24£22 228+26 0473

HbA1c, n=No (%) 0.207
<6.3% 13(86.7%) 128(94.8%)
>6.3% 2(13.3%) 7(5.2%)

Diabetes mellitus, n=No (%) 0.393
Yes 2(13.3%) 31(23.0%)
No 13(86.7%) 104(77.0%)

Hypertension, n=No (%) 0373
Yes 6(40.0%) 39(28.9%)
No 9(60.0%) 96(71.1%)

PCT, n=No (%) 0402
Yes 4(26.7%) 24(17.8%)
No 11(73.3%) 111(82.2%)

ASA grade, n=No (%) 0.957
3 1(6.7%) 12(8.9%)
2 5(33.3%) 45(33.3%)
1 9(57.8%) 78(57.8%)

Surgical related factors

Operation time (min) 0478
Median(IQR) 180(175,210) 180(155,210)

Intraoperative blood loss (ml) 0.894
Median(IQR) 40(20,80) 40(40,50)

LCA preservation, n=No (%) 0.235
Yes 11(73.3%) 115(85.2%)
No 4(26.7%) 20(14.8%)

Number of staples fired, n=No (%) 0.136
lTor2 11(73.3%) 118(87.4%)
>2 4(26.7%) 17(12.6%)

Surgical approach, n=No (%) 0.867
Laparoscopic 13(86.7%) 119(88.1%)
Open 2(13.3%) 16(11.9%)

Tumor related factors

TD, n=No (%) 0.022
>7cm 3(20.0%) 69(51.1%)
<7cm 12(80.0%) 66(48.9%)

Pathological T stage, n=No (%) 0352
Tis, T1,T2, 5(33.3%) 62(45.9%)
T3and T4 10(66.7%) 73(54.1%)

Pathological N stage, n=No (%) 0329
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Table 3 (continued)

Page 10 of 12

Factors AL(n=15) NAL(n=135) P
NO 2(13.3%) 39(28.9%)
N1 and N2 13(86.7%) 96(71.1%)

TNM stage, n=No (%) 0.925
| 1(6.7%) 9(6.7%)
Il 8(53.3%) 65(48.1%)
Il 6(40.0%) 61(45.2%)

Tumor histological differentiation, n=No (%) 0.288
High 8(53.3%) 47(34.8%)
Moderate 5(33.3%) 49(36.3%)
Low 2(13.3%) 39(28.9%)

AL anastomotic leakage, NAL non anastomotic leakage, BMI body mass index, HbA1c glycated hemoglobin, PCT preoperative chemoradiotherapy, ASA American

Society of Anesthesiologists physical status classification, IQR interquartile range, LCA left colic artery, TD tumor distance from the anal margin

Table 4 Multivariable logistic regression analysis

Table 6 Number of patients and incidence of AL corresponding

Factor B P OR 95% Cl to the score values of the RAREAL scoring system

Male 0887 0132 2429 0.766-7.705 Score Case(n=473) AL(n=41) Inci-

HbA1c (>6.3%) 1413 0044 4107  1037-16.267 dence

PCT 0272 0363 0795  0.098-5929 of AL
0,

LCA non preservation 1472 0026 4360 1190-15976  © 170 / 412%
0y

) 1852 0002 6373  2027-20031 ! >/ ! 1.75%
0,

Number of staples fired 0986 0306 2680 0405-17720 2 221 18 8.14%

- X . 3 24 14 5833%
HbA1c glycated hemoglobin, PCT preoperative chemoradiotherapy, LCA left
colic artery, TD tumor distance from the anal margin 4 1 1 100%

ROC Curve ROC Curve
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Fig. 3 (a) The ROC (AUC 0.733) for the diagnosis of AL with the RAREAL
score in the modeling group; (b) The ROC (AUC 0.722) for the diagnosis of
AL with the RAREAL score in the validation group

developed. The score for high HbAlc was 1, for LCA non
preservation was 1, and for low rectal cancer was 2. The
AUC of the RAREAL model was 0.733, its diagnostic sen-
sitivity and specificity were 38.5% and 97.3%, respectively,
and the AUC of the validation group was 0.722, its diag-
nostic sensitivity was 33.3% and specificity was 98.5%. the

AL anastomotic leakage

AUC of the ROC of the two groups was not significantly
different (P=0.9096), indicating the good predictive func-
tion of the RAREAL model. During DIXON operation for
rectal cancer, the RAREAL score can be performed. If the
score is more than 2.5, the possibility of postoperative AL
is high.

If AL occurs after rectal cancer surgery in a patient, DS
can protect the patient from complications such as sep-
sis. But the cost of DS is many DS related complications,
the huge risk of possible DS related emergency surgery,
and the decline in the quality of life after the DS. the DS
should be determined according to the specific situa-
tion of each patient. Especially when new situations arise
during surgery that do not match preoperative predic-
tions, the DS or not, is sometimes a difficult option for
the surgeon. The RAREAL model is a relatively simple
and easy to master, established a score of 2.5 as a refer-
ence for clinicians and surgeons. If the score is more than
2.5, preventive DS should be performed to avoid severe
postoperative infection. The variables used in RAREAL,
which are simple and easy to use, are also familiar to
clinicians, and this model facilitates surgeons to make

Table 5 Evaluation of the consistency of ROC curve between the model group and the validation group

Group Youden index Best cut-off point  AUC (95%Cl) Sensitivity  Specificity Standard error Z P
Model group 0.358 25 0.733(0.615-0.852) 0385 0973 0.060
Validation group 0.722(0.573-0.871) 0333 0.985 0.076

0.114  0.9096
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rapid and correct judgments. This model may obviate
the need for the DS in patients with a low risk of AL,
helping to achieve a more rational allocation of health-
care resources, thus improving patient quality of life and
reducing financial burden on patients.

Our study had the following limitations, first, the ret-
rospective nature of our study not only made bias from
patient selection and data collection difficult to avoid, but
its nonrandomized study design made it impossible to
control or correct for each bias in this study design. Sec-
ond, the limited number of patients in the AL group in
our report might hinder the discovery of more other risk
factors for AL in our study.

Conclusion

In conclusion, the RAREAL score can be used to assess
the risk of AL after Dixon surgery for rectal cancer, and
prophylactic DS should be proactively done when the
score is greater than 2.5.
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