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Impact of diversion ileostomy on
postoperative complications and
recovery in the treatment of locally
advanced upper-half rectal cancer

Yangyang Wang%2*, Xiaojie Wang?, Shenghui Huang?, Heyuan Zhu? & Ying Huang?

The efficacy of diversion ileostomy followed by radical surgery for locally advanced upper-half rectal
cancer remains uncertain. This study seeks to compare the effectiveness of treatment with and without
diversion ileostomy in preventing anastomotic leakage (AL) and to identify a subset who may benefit
from diversion ileostomy after AL occurs in Chinese patients with stage Il and lll upper-half rectal
cancer. A retrospective study enrolled a total of 809 patients with locally advanced upper-half rectal
cancer between 2017 and 2021, with 27.6% (n=223) treated with diversion ileostomy and 72.4%
(n=1586) treated without diversion ileostomy. The Diversion(+) group (n=172) and Diversion(—) group
(n=172) were compared for perioperative outcomes through 1:1 propensity score matching (PSM). The
selection of variables for multivariable logistic regression was determined through bivariate logistic
regression analysis. Additionally, optimal cutoff values for risk factors were identified using ROC curve
analysis. Within the entire cohort, patients in the Diversion(+) group exhibited a lower distance from
the anal verge (DAV) and higher rates of chemoradiotherapy (CRT), diabetes, cN2 stage, mrCRM
positivity, EMVI positivity, and CEA elevation compared to those in the Diversion(—) group. Following
PSM, a satisfactory balance of baseline variables was achieved between the two groups. There were no
statistically significant differences in AL rates (7.0% vs. 5.8%, p=0.659) or AL grade distribution (Grade
A: 0.6% vs. 0%, Grade B: 5.2% vs. 4.1%, Grade C: 1.2% vs. 1.7%, p=0.691) between the two groups.
However, the Diversion(+) group demonstrated a higher incidence of postoperative complications
(30.8% vs. 17.4%, p=0.004), Clavien-Dindo IlI-1V complications (2.9% vs. 2.3%, p=0.013), particularly
wound infections (8.1% vs. 1.2%, p = 0.002), and early postoperative inflammatory small bowel
obstruction (EPISBO) (8.7% vs. 1.2%, p=0.001) compared to the Diversion(—) group. Results from
multivariate logistic regression analysis revealed that male gender (OR =2.354, p=0.014) was the
only independent risk factor associated with AL, while the presence of diversion ileostomy (with vs.
without, OR =1.144, p=0.686) did not show significant associations. In patients with AL, the onset

of the AL was observed to occur later in the Diversion(+) group compared to the Diversion(—) group
(7.0+ 3.3 vs. 3.4 + 1.4 days, p < 0.001), while the recovery time was significantly shorter (11.3 + 4.7

vs. 20.3 + 7.2 days, p < 0.001). Similarly, in Grade C AL patients, the occurence time was delayed in the
Diversion(+) group compared to the Diversion(—) group (8.7 + 4.7 vs. 3.2 + 1.5 days, p=0.008), with

a shorter recovery time (19.3 + 2.1 vs. 25.7 + 6.7 days, p=0.031). A trend was observed indicating
alonger interval before ileostomy restoration in the AL patients compared to the non-AL patients

(7.6 + 4.9 months vs. 5.5 + 2.9 months, p=0.079). In addition, DAV (OR=0.078, p=0.002) was
identified as the only independent factor associated with potential-diversion-benefit in patients with
AL, with an optimal cutoff point of 8.6 cm. The utilization of diversion ileostomy as a preventative
measure for AL in cases of locally advanced upper-half rectal cancer is not universally endorsed due

to potential complications such as small bowel obstruction and wound infection. Nevertheless, in the
occurrence of AL, diversion ileostomy may prove advantageous for patient recuperation. Particularly,
male patients with a DAV ranging from 7 to 8.6 cm may experience benefits from undergoing diversion
ileostomy subsequent to AL in cases of locally advanced upper-half rectal cancer.
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Anastomotic leakage (AL) is a prevalent and significant complication following anterior resection of rectal
tumors, with reported incidence rates ranging from 2.4 to 15.9%, and associated morbidity and mortality
rates as high as 16%. In recent years, following anterior resection for rectal cancer, the implementation of a
diversion ileostomy has been proposed as potentially advantageous in mitigating the risk of anastomotic leakage.
However, the applicability and efficacy of this approach across all tumor sites of rectal cancer remains a topic
of debate?”’. Recent studies have shown that diversion ileostomy may not improve short-term outcomes in
patients undergoing rectal resection, but may increase operation complications®’. Conversely, other studies
have demonstrated that diversion ileostomy is effective in preventing AL following rectal cancer surgery or
in mitigating the clinical manifestations associated with AL>*>%. The inconsistencies in these findings may be
attributed to various factors, such as the lack of subgroup analysis in some studies that included patients with
rectal cancer in all locations, thereby limiting the reference value of the conclusions. Furthermore, there is a lack
of studies investigating the risk factors associated with anastomotic fistula, making it unreasonable to universally
recommend diversion ileostomy for all patients without individualized assessment. Additionally, the complexity
of interpreting the aforementioned findings and drawing conclusions is compounded by the inclusion of rectal
cancer patients at varying clinical stages, inconsistent surgical techniques, and diverse approaches to diversion
stoma placement.

According to ESMO guidelines®, rectal cancers are classified as lower third (<5.0 cm from the anal
verge), mid third (>5-10 cm), or upper third (>10-15 cm). However, according to the European Society of
Gastrointestinal and Abdominal Radiology (ESGAR) and the Korean Society of Abdominal Radiology (KSAR),
the utilization of these terminologies for characterizing the position of a rectal cancer is not advisable. Instead,
it is recommended to employ the association of a rectal cancer with the anterior peritoneal reflection (APR), a
distinguishable landmark on MRI that demarcates the intra- and extra-peritoneal segments of the mesorectal
compartment”!?. A recent study conducted in Korea defined upper rectal cancers as those situated above the
APR, determined by drawing an imaginary line extending perpendicularly from the peritoneal reflection to
the rectal tube, as indicated by MRI'L In comparison to the rectum located above the APR, the rectum situated
below this anatomical landmark exhibits diminished vascular complexes within the rectal mesentery, as well as
a limited and unstable number of intramural collaterals, and consequently, this may account for the elevated
incidence of AL in cases of low rectal cancer below APR!2. As a result, there is a growing consensus regarding
the necessity of implementing proactive and targeted protective measures, such as selective diversion ileostomy,
in patients undergoing laparoscopic surgery for low rectal cancer, particularly in the presence of identified high-
risk factors for AL. However, considering the fact that the APR is typically situated approximately 7 cm from the
anal verge, the applicability of this selective diversion ileostomy measurement to patients with locally advanced
upper-half rectal cancer located above the APR, particularly tumors positioned 7-15 cm from the anal verge
as identified by MRI, remains a topic of controversy with limited documentation. Consequently, our research
encompassed individuals diagnosed with stage II/III rectal cancer located 7-15 cm from the anal verge. We
present findings from our institution regarding the management of patients with locally advanced upper-half
rectal cancer, both with and without diversion ileostomy, in terms of perioperative oncologic outcomes. Our aim
is to ascertain the necessity of diversion ileostomy in this patient cohort, as well as its potential benefits in aiding
the recovery of patients with AL.

Patients and methods

Study population

This retrospective, monocentric study utilized data from a prospectively maintained colorectal cancer database
to analyze 809 patients who underwent radical surgery for locally advanced upper-half rectal cacer at the
Department of Colorectal Surgery of Fujian Medical University Union Hospital (Fuzhou, China) between
2017 and 2021. The inclusion criteria for the study consisted of patients with histologically confirmed rectal
carcinoma, rectal tumors located 7-15 cm from the anal verge as determined by magnetic resonance imaging
(MRI), clinically staged as cT'3-4Nx or cTxN + rectal tumors assessed by MRI, and who underwent treatment
with diversion ileostomy followed by radical surgery (Diversion(4) group) or without diversion ileostomy
(Diversion(—) group). Inclusion criteria included distant metastases at diagnosis, synchronous malignancy, or
a history of another malignant tumor, emergency surgery, or palliative surgery. This study was sanctioned by
the Institutional Review Board (IRB) of Fujian Medical University Union Hospital and adhered to the ethical
standards outlined in the Declaration of Helsinki. Given the retrospective design of the study, the IRB of Fujian
Medical University Union Hospital exempted the requirement for informed consent. The personal data of the
participants in the study were de-identified to ensure anonymity.

Treatment and pathology results

Multi-Disciplinary Treatment (MDT) program was implemented to assess the suitability of preoperative
neoadjuvant chemoradiotherapy (CRT) for patients diagnosed with locally advanced rectal cancer. Following
the completion of radiotherapy, radical surgery was scheduled to take place 6-8 weeks later. Surgical resection
adhered to the principles of total mesorectal excision (TME) or partial mesorectal excision (PME) for the entire
cohort patients. Inadequate mechanical anastomosis was detected through the air leak test, prompting the
consideration of diversion ileostomy based on factors such as the patient’s overall health, nutritional status,
diabetes, and distance from the anal verge (DAV). Tumor staging was conducted utilizing the TNM classification
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as outlined in the 8th edition of the American Joint Committee of Cancer (AJCC), with the presence of perineural
invasion (PNI) and lymphovascular invasion (LVI) documented in the pathology report.

Definitions

The study utilized the international Clavien classification to categorize 90-day postoperative complications, with
major morbidity defined as events necessitating endoscopic, radiological, or surgical reoperation or intensive
care unit treatment (Clavien-Dindo grades III-IV), and minor morbidity defined as Clavien-Dindo grades I-
I1"3. AL was graded according to their clinical severity. Grade A indicated subclinical AL (also known as imaging
AL) without clinical symptoms. Grade B was characterized by abdominal pain, fever, and purulent or fecal-like
discharge from the anus, drainage tube, or vagina, along with an increased white blood cell count and C-reactive
protein. Grade C was characterized by peritonitis, sepsis, and other clinical manifestations of Grade B requiring
a secondary surgery. Occurrence time of AL was defined as the interval between the primary operation and the
onset of AL, while the recovery time was defined as the length of hospitalization between AL occurrence and
recovery. AL patients who underwent a diverting ileostomy at the time of primary surgery were categorized
as the potential-diversion-benefit population, while those who did not undergo a diverting ileostomy were
classified as the no-potential-diversion-benefit population. Overall survival (OS) was delineated as the duration
from the initial diagnosis of rectal cancer to either death from any cause or the last follow-up. Disease-free
survival (DFS) was characterized as the interval from the diagnosis of rectal cancer to either death, evidence of
local recurrence, or distant metastasis.

Follow-up

Follow-up evaluations were conducted every 3 months for the first 3 years, then every 6 months for 2 years, and
annually thereafter. Each visit included a physical exam, CEA test, chest X-ray or CT scan, and abdominal pelvic
MRI or CT scan. Colonoscopy was done annually post-surgery, with PET-CT scans added as necessary. Follow-
ups were done in person or remotely via phone, mail, or letter. The last follow-up was completed in November
2022.

Statistical analysis

Statistical analysis was conducted utilizing SPSS version 26.0 (SPSS INC., Chicago), while GraphPad Prism
8.0 software (GraphPad Software, Inc., La Jolla, CA, USA) was employed to generate graphs. Propensity score
analysis was conducted using R to address baseline confounders between groups. Propensity score matching
(PSM) was performed through logistic regression modeling for each patient, with covariates including gender,
age, CRT, DAYV, diabetes, cT, cN, mrCRM, EMVI, and CEA, and CA199. One-to-one matching without
replacement was conducted utilizing a 0.002 caliper width. Categorical variables were compared using x2 or
Fisher’s exact test, while normally distributed data were analyzed with Student’s t tests. Nonnormally distributed
data were analyzed with the Mann-Whitney U test. Multivariate logistic regression analyses were conducted to
identify independent risk factors for AL and potential-diversion-benefit. Survival outcomes were analyzed using
the Kaplan-Meier method and compared by the log-rank test. ROC curve was used to determine the optimal
cutoff point of independent continuous variables. Statistical significance was considered at P <0.05.

Results

Patient population

A total of 809 patients were enrolled in the study, including 513 (63.4%) males and 296 (36.6%) females. The
participants’ mean age was 61.0+11.1 years, and DAV was 9.6+ 1.9 cm. Overall, 223 (27.6%) patients received
diversion ileostomy and 586 (72.4%) patients did not receive diversion ileostomy followed by radical resection
in the upper-half rectal cacer (7-15 cm from the anal verge, located near or above the APR).

Baseline characteristics
The demographic and clinical baseline characteristics of the unmatched and matched populations are summarized
in Table 1. Prior to PSM, in the entire cohort, there was no significant difference between the two groups with
respect to gender, age, clinical T stage and CA-199 levels. A trend of lower DAV (8.4+1.4 vs. 10.0+2.0 cm)
was found in the Diversion(+) group compared to the Diversion(—) group (p <0.001). The results indicate that
the Diversion(+) group had higher rates of CRT patients (58.9% vs. 25.4%, p <0.001), diabetic patients (19.7%
vs. 11.9%, p=0.004), cN2 (66.4% vs. 53.2%, p=0.003), mrCRM positivity (35.9% vs. 20.3%, p<0.001), EMVI
positivity (65.5% vs. 51.9%, p=0.001), CEA elevation (47.1% vs. 38.7%, p=0.031).

After 1:1 PSM, both the Diversion(+) and Diversion(—) groups consisted of 172 patients each. It is evident
that a satisfactory equilibrium of various variables, such as gender, age, CRT, DAYV, diabete, cT, cN, mrCRM,
EMVI, CEA, and CA199 levels, was achieved between the two groups.

Intraoperative parameters and short-term postoperative outcomes

As shown in Table 2, before PSM, there were no significant differences in AL rates (7.6% vs. 6.3%, p=0.505) and
AL grade distribution (Grade A (0.9% vs. 0.2%), Grade B (5.4% vs. 4.6%), Grade C (1.3% vs. 1.5%), p=0.463)
between the two groups. However, there was a higher proportion of employed procedures of robotic surgery
(11.2% vs. 7.8%, p=0.011) and convertion to laparotomy (1.8% vs. 0.2%, p =0.022), postoperative complications
(29.6% vs. 17.7%, p <0.001) and Clavien-Dindo III-IV (2.7% vs. 1.5%, p=0.001), hospital stay days (18.5+12.0
vs. 15.949.1, p=0.001), and surgery costs (1432.6+86.7 vs. 1243.9+38.1$, p=0.021) in the Diversion(+)
group compared to the Diversion(—) group. After PSM, there were also no statistically significant differences
in AL rates (7.0% vs. 5.8%, p=0.659) and AL grade distribution (Grade A (0.6% vs. 0%), Grade B (5.2% vs.
4.1%), Grade C (1.2% vs. 1.7%), p=0.691) between the two groups. However, the Diversion(+) group exhibited
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Before PSM (N =809) After PSM (N=344)
Diversion(—) | Diversion(+) Diversion(—) | Diversion(+)
(N=586) (N=223) P-value | (N=172) (N=172) P-value
Gender, n (%) 0.453 0.182
Male 367 (62.6) 146 (65.5) 101 (58.7) 113 (65.7)
Female 219 (37.4) 77 (34.5) 71 (41.3) 59 (34.3)
Age (years), mean (SD) | 60.8 (10.7) 61.4(12.1) 0.566 61.0 (10.6) 61.1(12.2) 0.135
CRT, n (%) 149 (25.4) 131 (58.9) <0.001 | 87 (50.6) 91 (52.9) 0.103
DAV (cm), mean(SD) | 10.0 (2.0) 8.4(1.4) <0.001 |8.5(1.2) 8.6 (1.4) 0.191
Diabetes, n (%) 70 (11.9) 44 (19.7) 0.004 27 (15.7) 27 (15.7) 1.000
Clinical T stage, n (%) 0.136 0.628
T2 56 (9.6) 17 (7.6) 18 (10.5) 13 (7.6)
T3 268 (45.7) 89 (39.9) 65 (37.8) 69 (40.1)
T4 262 (44.7) 117 (52.5) 89 (51.7) 90 (52.3)
Clinical N stage, n (%) 0.003 0.758
NO 18 (3.1) 4(1.8) 5(2.9) 4(2.3)
N1 256 (43.7) 71 (31.8) 51(29.7) 57 (33.1)
N2 312 (53.2) 148 (66.4) 116 (67.4) 111 (64.5)
mrCRM (+), n (%) 119 (20.3) 80 (35.9) <0.001 |58(33.7) 61 (35.5) 0.734
EMVI (+), n (%) 304 (51.9) 146 (65.5) 0.001 100 (58.1) 109 (63.4) 0.320
CEA (ng/ml), n (%) 0.031 0.446
>5 227 (38.7) 105 (47.1) 71 (41.3) 78 (45.3)
<5 359 (61.3) 118 (52.9) 101 (58.7) 94 (54.7)
CA199 (U/ml), n (%) 0.186 0.760
>37 69 (11.8) 34 (15.2) 26 (15.1) 24 (14.0)
<37 517 (88.2) 189 (84.8) 146 (84.9) 148 (86.0)

Table 1. Demographic and preoperative baseline characteristics. CRT chemoradiotherapy, DAV distance from
anal vage, CRM circumferential resection margin, EMVT extramural venous invasion, CEA carcinoembryonic
antigen, CA199 carbohydrate antigen 199, PSM propensity score matching.

higher postoperative complications (30.8% vs. 17.4%, p=0.004), Clavien-Dindo III-IV (2.9% vs. 2.3%,
p=0.013), especially wound infection (8.1% vs. 1.2%, p=0.002), early postoperative inflammatory small bowel
obstruction (EPISBO) (8.7% vs. 1.2%, p=0.001) compared to the Diversion(—) group. Additionally, there were
no significant differences in operative method, anastomotic stenosis, anastomotic bleeding, postoperative sepsis,
pneumonia, urinary infection, ICU stay requirements, hospital stay days and surgery costs between the two
groups. Interestingly, the Diversion(+) group exhibited lower chylous leakage (1 (0.6%) vs. 8 (4.7%), p=0.037)
compared to the Diversion(—) group.

Predictive factors of anastomotic leakage (AL)
In the entire cohort, a total of 18 variables were assessed both pre- and postoperatively. Univariate analysis
revealed that, in comparison to the Non-AL group (n=755), the AL group (n=54) exhibited a greater percentage
of male patients (79.6% vs. 62.3%, p=0.010) and a trend towards a higher proportion of diabetic patients (22.2%
vs. 13.5%, p=0.075). Conversely, variables including age, CRT, DAYV, diversion, cT, cN, mrCRM, mrEMVI, CEA,
CA-199, TNM stage, tumor diffferention, histopathology, PNI, LVI, harvested lymph nodes did not demonstrate
statistically significant differences between the two groups. (Table 3)

Based on both clinical experience and the findings of the univariate analysis, we incorporated four variables
- gender, DAYV, diabete, and diversion - into the multivariate logistic regression model. The results indicated that
male gender (OR=2.354, p=0.014) emerged as the sole independent risk factor associated with AL, while the
variables of DAV (OR=1.004, p=0.963), diabete (with vs. without, OR=1.782, p=0.099), and diversion (with
vs. without, OR=1.144, p=0.686) did not demonstrate significant associations.(Table 3).

Long-term oncologic outcomes of AL and Non-AL patients

The median follow-up time for the entire cohort was 30.5 months (range, 6-63 months). Analysis of the data
presented in Fig. 1 revealed no statistically significant differences in the 3-year overall survival (OS) rates (91.7%
vs. 92.4%, p=0.676, Fig. 1A) and 3-year disease-free survival (DFS) rates (81.4% vs. 84.7%, p=0.749, Fig. 1B)
between the AL group and the Non-AL group.

Time evaluation of AL patients

As shown in Table 4, within the entire cohort, 54 patients were identified with AL, representing 6.7% of the total
cohort (54/809). Among these patients with AL, the onset of AL occurred significantly later in the Diversion(+)
group compared to the Diversion(—) group (7.0 +3.3 vs. 3.4+ 1.4 days, p <0.001), while the recovery time was
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Before PSM (N =809) After PSM (N =344)

Diversion(—) | Diversion(+) Diversion(—) | Diversion(+)

(N=586) (N=223) P-value | (N=172) (N=172) P-value
Operative method, n (%) 0.011 0.375
Laparoscopic 528(90.1) 185 (83.4) 138 (80.2) 141 (82.0)
Robotic 46 (7.8) 25(11.2) 27 (15.7) 20 (11.6)
Open 12 (2.0) 13 (5.4) 7 (4.1) 11 (6.4)
Convertion to laparotomy, n(%) 1(0.2) 4(1.8) 0.022 1(0.6) 3(1.7) 0.623
Postoperative complications, n (%) | 104 (17.7) 66 (29.6) <0.001 |30(17.4) 53(30.8) 0.004
Clavin-Dindo, n (%) 0.001 0.013
I-1I 95 (16.2) 60 (26.9) 26 (15.1) 48 (27.9)
1I-1v 9(1.5) 6(2.7) 4(2.3) 5(2.9)
Anastomotic leakage, n (%) 37 (6.3) 17 (7.6) 0.505 10 (5.8) 12 (7.0) 0.659
Anastomotic leakage Grade, n (%) 0.463 0.691
Grade A, n (%) 1(0.2) 2(0.9) 0(0.0) 1(0.6)
Grade B, n (%) 27 (4.6) 12 (5.4) 7 (4.1) 9(5.2)
Grade C, n (%) 9(1.5) 3(1.3) 3(1.7) 2(1.2)
Anastomotic stenosis, n (%) 1(0.2) 2(0.9) 0.186 0(0.0) 2(1.2) 0.499
Anastomotic bleeding, n (%) 2(0.3) 5(2.2) 0.019 0(0.0) 5(2.9) 0.061
Chylous leakage, n (%) 17 (2.9) 1(0.4) 0.033 8(4.7) 1(0.6) 0.037
Postoperative sepsis, n (%) 21(3.6) 7 (3.1) 0.757 9 (5.2) 4(2.3) 0.157
Pneumonia, n (%) 26 (4.4) 16 (7.2) 0.117 7 (4.1) 11 (6.4) 0.333
Wound infection, n (%) 8(1.4) 15(6.7) <0.001 |2(1.2) 14 (8.1) 0.002
EPISBO, n (%) 9(1.5) 18 (8.1) <0.001 |2(1.2) 15(8.7) 0.001
Urinary infection, n (%) 12 (2.0) 10 (4.5) 0.057 5(2.9) 7 (4.1) 0.557
ICU stay requirerment, n (%) 6 (1.0) 2(0.9) 1.000 3(1.7) 1(0.6) 0.314
Hospital stay days, mean (SD) 15.9 (9.1) 18.5(12.0) 0.001 16.7 (9.0) 18.6 (11.9) 0.098
Surgery cost (Dollar), mean (SD) 1243.9 (38.1) | 1432.6 (86.7) |0.021 1375.8 (94.0) | 1443.8 (103.9) | 0.628

Table 2. Intraoperative parameters and postoperative outcomes characteristics. CRT chemoradiotherapy,
US upfront surgery, PSM propensity score matching, EPISBO early postoperative inflammatory amall bowel
obstruction, ICU intensive care unit.

significantly shorter (11.3+4.7 vs. 20.3+7.2 days, p<0.001). In Grade C AL patients, the occurence time was
also significantly delayed in the Diversion(+) group compared to the Diversion(—) group (8.7 +4.7 vs. 3.2+ 1.5
days, p=0.008), with a shorter recovery time (19.3 +2.1 vs. 25.7 +6.7 days, p=0.031).

Time interval to ileostomy restoration

Diversion(4) group was categorized into two subgroups: AL group (17 patients) and Non-AL group (206
patients). It was observed that a significantly higher proportion of patients in the non-AL group underwent
ileostomy restoration compared to those in the AL group (96.6% vs. 70.6%, p=0.002). A trend was observed
indicating a longer interval before ileostomy restoration in the AL group compared to the non-AL group
(7.6 +4.9 months vs. 5.5+2.9 months, p=0.079). It is noteworthy that among patients who did not receive a
diversion ileostomy during the initial surgery, nine subsequently required additional diverting stomas following
the development of AL. For those who did undergo restoration surgery, the mean time interval was 8.7 +5.3
months (Table 5).

Predictive factors of potential-diversion-benefit

Only factors that were available prior to primary radical surgery were included analysis to identify candidate
patients who might benefit from diversion ileostomy following AL, as defined by potential-diversion-benefit.
In the AL cohort, lower DAV (7.6+0.6 vs. 10.5+1.8 cm, p<0.001), a trend towards a higher proportion of
mrCRM+ (41.2% vs. 18.9%, p=0.083) and mrEMVI+ (76.5% vs. 51.4%, p=0.081) were found by univariate
analysis in the potential-diversion-benefit group (17 patients) compared to the no-potential-diversion-benefit
group (37 patients). Multivariate logistic regression analysis showed that DAV (OR=0.078, p=0.002) was the
only independent factor associated with potential-diversion-benefit (Table 6). Acoording to the ROC curve and
maximal Youden-index, the optimal cutoff point of DAV was 8.6 cm (Fig. 2).

Discussion

Above the APR in the rectum, a robust collateral blood supply exists between small arteries within the mesentery,
conversely, below the APR, there are limited and inconsistent intramural collateral branches between small
arteries'?. Failure to recognize and preserve the side branches of these small arteries during rectal resection
may lead to an increased risk of AL. Although scholars have increasingly come to a consensus that patients
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Univariate Logistic regression
AL group | Non-AL group
Variables (N=54) (N=1755) P-value | OR | 95% CI P-value
Gender, n (%) 0.010 2.354 | 1.193-4.644 | 0.014
Male 43 (79.6) 470 (62.3)
Female 11 (20.4) 285 (37.7)
Age (years), mean (SD) 60.8 (10.4) | 61.0 (11.1) 0.898
CRT, n (%) 15(27.8) | 265 (35.1) 0.275
DAV (cm), mean (SD) 9.6 (2.0) 9.6 (1.9) 0.957 1.004 | 0.861-1.170 | 0.963
Diabetes, n (%) 12 (22.2) 102 (13.5) 0.075 1.782 | 0.896-3.541 | 0.099
Diversion, n (%) 17 (31.5) | 206 (27.3) 0.505 | 1.144 | 0.596-2.195 | 0.686
Clinical T stage, n (%) 0.731
T2 4(7.4) 69 (9.1)
T3 22(40.7) | 335 (44.4)
T4 28 (51.9) 351 (46.5)
Clinical N stage, n (%) 0.776
NO 1(1.9) 21(2.8)
N1 20 (37.0) 307 (40.7)
N2 33 (61.1) 427 (56.6)
mrCRM (+), n (%) 14 (25.9) 185 (24.5) 0.815
mrEMVI (+), n (%) 32(59.3) 418 (55.4) 0.578
CEA (ng/ml), n (%) 0.139
>5 17 (31.5) 315 (41.7)
<5 37 (68.5) 440 (58.3)
CA199 (U/ml), n (%) 0.712
>37 6(11.1) 97 (12.8)
<37 48(88.9) | 658 (87.2)
TNM stage, n (%) 0.903
PCR 2(3.7) 38 (5.0)
I 11 (20.4) 143 (18.9)
11 22(40.7) | 281(37.2)
III 19 (35.2) 193 (38.8)
Tumor differention, n (%) 0.753
Poorly 1(1.9) 22 (2.9)
Moderately 52(96.3) 708 (93.8)
Well 1(1.9) 25 (3.3)
Histopathology, n (%) 0.691
Adenocarcinoma 50 (92.6) 699 (92.6)
Mucinous 3(5.6) 50 (6.6)
Signet ring adenocarcinoma 1(1.9) 6(0.8)
PNI (+), n (%) 14(25.9) | 185 (24.5) 0.815
LVI (+), n (%) 6 (11.1) 120 (15.9) 0.349
Harvested lymph nodes, mean (SD) | 21.2 (9.5) | 19.8 (8.9) 0.252

Table 3. Univariate and mutivariate analysis of factors associated with AL in the the entire cohort (n=809).
AL anastomotic leakage, CRT chemoradiotherapy, DAV distance from ananl verge, CRM circumferential
resection margin, EM VT extramural venous invasion, CEA carcinoembryonic antigen, CA199 carbohydrate
antigen 199, PCR pathologicl complete response, PNI perineural invasion, LVI lymphvascular invasion; Bold
values denote statistically significant differences.

with lower rectal cancer below the APR and high risk factors for AL should undergo careful evaluation during
surgical exploration to determine their suitability for prophylactic ileostomy. However, for patients with locally
advanced upper-half rectal cancer above the APR, diversion ileostomy may also be considered in clinical practice
to mitigate the risk of AL and associated complications. There is limited literature available regarding the efficacy
of diversion ileostomy in patients with locally advanced upper-half rectal cancer in terms of perioperative
outcomes. Therefore, our study aimed to compare the effectiveness of treatment with and without diversion
ileostomy in preventing AL and to identify a subset who may benefit from diversion ileostomy following AL in
Chinese patients with stage II and IIT upper-half rectal cancer.
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found of both OS (A, p=0.676) and DFS (B, p=0.749). AL anastomotic leakage, OS overall survival, DFS
disease-free survival.

In our larger single-center retrospective study, 809 patients with locally advanced upper-half rectal cancer
were included, with 27.6% undergoing diversion ileostomy after radical surgery and 72.4% not undergoing. Our
study revealed that surgeons frequently opt to perform diversion ileostomy in patients with lower DAV, those
undergoing CRT, and those with comorbid diabetes mellitus in upper-half rectal cancers. Additionally, patients
who underwent diversion ileostomy displayed more advanced clinical tumor staging and a more invasive
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All patients (N=54) Grade C patients (N=12)

Diversion(—) | Diversion(+) Diversion(—) | Diversion(+)

(N=37) (N=17) P-value | (N=9) (N=3) P-value
gg)“rence time (days), mean 3.4(1.4) 7.0 (3.3) <0.001 |3.2(1.5) 8.7 (4.7) 0.008
Recovery time (days), mean (SD) | 20.3 (7.2) 11.3 (4.7) <0.001 |25.7(6.7) 19.3 (2.1) 0.031

Table 4. Time evaluation of AL patients. AL anastomotic leakage.

Diversion(+) patientes

(N=223)

Non-AL patients | AL patientes Addition diverting patients in Diversion(—) patients after AL

(N=206) (N=17) P-value | (N=9)
Treatment, n (%) 0.002
Restoration, n (%) | 199 (96.6) 12 (70.6) 6 (66.7)
Non-restoration,
n (%) 5(2.4) 2(11.8) 1(11.1)
Unkonwn, n (%) |2 (1.0) 3(17.6) 2(22.2)
Time interval
to restoration
(months), mean 5.5(2.9) 7.6 (4.9) 0.079 8.7 (5.3)
(SD)

Table 5. Time interval to ileostomy restoration. AL anastomotic leakage.

phenotype. Surgeons also showed a preference for performing a diverting ileostomy in patients undergoing
robotic surgery and conversion to laparotomy. Furthermore, the implementation of diversion ileostomy did not
lead to a decrease in the occurrence of AL, but rather resulted in increased complications, extended hospital
stays, and higher expenses.

However, it is important to note that the findings were not adjusted for potential confounding variables related
to baseline characteristics that could impact short-term postoperative outcomes. Therefore, a case matching
approach was utilized in the current study to address and control for these variables. Following PSM, the results
similarly indicated that diversion ileostomy did not significantly reduce the incidence of AL (7.0% vs. 5.8%,
p=0.659) or impact the occurrence of varying grades of AL. Conversely, it was associated with an increased
incidence of postoperative wound infection (8.1% vs. 1.2%) and EPISBO (8.7% vs. 1.2%). It was documented that
a majority of patients with a diversion stoma commonly experience peristomal skin complications, such as skin
irritation and infection, typically occurring 21-40 days after diversion creation'®. Akesson O et al. reported that
during diversion reversal, approximately 40% of patients experience surgical complications, most commonly
small bowel obstruction and wound sepsis'®. Interestingly, plasma Butyrylcholinesterase level, a cost-effective
and readily accessible laboratory marker, has been reported to predict the risk of postoperative complications,
particularly surgical site infections, and a decrease in Butyrylcholinesterase levels on the first and third days
following colorectal surgery has been associated with an increased risk of such infections'®. In our institution,
ileostomies were typically placed at the longitudinal skin incision rather than a separate circular incision,
potentially contributing to wound infections. In future research, we aim to identify patients with diversion
ileostomy who are at risk of surgical incision infections by measuring postoperative butyrylcholinesterase levels.
This will enable us to implement preemptive interventions to prevent these complications. Our study suggested
that for locally advanced upper-half rectal cancer, the use of diversion ileostomy might not be advisable for
reducing the incidence of AL due to the inherent drawbacks associated with ileostomy placement. Furthermore,
these findings were substantiated through multifactorial logistic regression analysis, which indicated that
diversion ileostomy did not pose as an independent risk factor for AL in locally advanced upper-half rectal
cancer. The analysis revealed that male gender (OR=2.354, p=0.014) was identified as an independent risk
factor for AL. This observation aligned with previous studies that had suggested a higher incidence of AL in
male individuals, potentially attributed to technical challenges posed by pelvic stenosis following low anterior
resection for rectal cancer!”!®. Numerous factors have been identified as potential risk factors for AL, including
male gender, obesity, hypoalbuminemia, malnutrition, anemia, weight loss, low anastomosis, preoperative CRT,
intraoperative complications, and prolonged operative duration!*~22. However, our study focusing on locally
advanced upper-half rectal cancer found that CRT was not associated with an increased risk of AL. Furthermore,
previous research indicated that chemoradiotherapy should not be routinely recommended for the treatment
of locally advanced upper-half rectal cancer due to its lack of improvement in long-term oncologic outcomes®.

There is widespread consensus that AL results in a negative prognosis for local recurrence following rectal
resection?*. Warrier et al. reported that AL was associated with local recurrence (OR=1.61), but not distant
recurrence (OR=1.07)?. In the present study, the results suggested that AL did not impact long-term oncologic
outcomes for locally advanced upper-half rectal cancer. Our previous study also confirmed by multivariate Cox
regression analysis that AL was not an independent prognostic factor of OS and DFS*. Due to the limited
number of AL cases in our study cohort, it remains further studies to clarify the exact infuence of AL on survival.
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Univariate Logistic regression
Potential-diversion-benefit | No-potential-diversion-benefit

Variables (N=17) (N=37) P-value | OR | 95% CI P-value

Gender, n(%) 0.696

Male 13 (76.5) 30 (81.1)

Female 4(23.5) 7 (18.9)

Age (years), mean(SD) | 61.6 (13.3) 60.4 (9.0) 0.709

CRT, n(%) 7 (41.2) 8(21.6) 0.136

DAV (cm), mean(SD) | 7.6 (0.6) 10.5(1.8) <0.001 |0.078 |0.015-0.405 | 0.002

Diabete, n(%) 4(23.5) 8(21.6) 0.876

Clinical T stage, n (%) 0.782

T2 1(5.9) 3(8.1)

T3 6(35.3) 16 (43.2)

T4 10 (58.8) 18 (48.6)

Clinical N stage, n (%) 0.545

NO 0(0.0) 1(2.7)

N1 5(29.4) 15 (40.5)

N2 12 (70.6) 21 (56.8)

mrCRM, n (%) 0.083 0.190 | 0.017-2.173 | 0.182

Positive 7 (41.2) 7 (18.9)

Negative 10 (58.8) 30 (81.1)

mrEMVI, n (%) 0.081 7.356 | 0.738-73.364 | 0.089

Positive 13 (76.5) 19 (51.4)

Negative 4(23.5) 18 (48.6)

CEA (ng/ml), n (%) 0.824

>5 5(29.4) 12 (32.4)

<5 12 (70.6) 25 (67.6)

CA199 (U/ml), n (%) 0.407

>37 1(5.9) 5(13.5)

<37 16 (94.1) 32 (86.5)

Table 6. Univariate and mutivariate analysis of factors associated with potential-diversion-benefit in the AL
cohort (n=>54). AL anastomotic leakage, CRT chemoradiotherapy, DAV distance from ananl verge, CRM
circumferential resection margin, EMVI extramural venous invasion, CEA carcinoembryonic antigen, CA199
carbohydrate antigen 199; Bold values denote statistically significant differences.

In our study, diversion ileostomy did not significantly decrease the occurrence of AL in patients with locally
advanced upper-half rectal cancer. However, it was observed that the onset of AL was delayed by approximately
one week postoperatively in patients who underwent diversion ileostomy, compared to those who did not. This
delay may be attributed to the reduction of pressure on the anastomosis and decreased contamination of the
anastomosis following diversion of intestinal contents. In addition, the recovery time following AL in patients
with diversion ileostomy was approximately 11 days, which was significantly shorter than the 20 days observed
in patients without diversion ileostomy. A subgroup analysis of patients with diversion ileostomy indicated that
nearly all individuals who did not experience AL underwent ileostomy restoration at an average of 5.5 months
following stoma diversion. In contrast, the proportion of patients who underwent ileostomy restoration was
comparatively lower among those who developed AL, with the time interval to ileostomy restoration being
extended by approximately two months relative to those who did not develop AL. Overall, 7 patients did not
undergo ileostomy restoration. Notably, 2 patients in the AL group did not return for restoration surgery, likely
due to age considerations, as these patients were over 80 years old. In the non-AL group, 4 patients did not
undergo ileostomy restoration due to distant metastases, which resulted in death within one year post-surgery.
Additionally, one elderly patient did not undergo ileostomy restoration. Among the study population, 1.5%
(12/809) experienced grade C AL and required a secondary operation. Of these cases, 3 patients who initially
underwent surgery with diversion ileostomy received laparoscopic flushing of the abdominal abscess and
placement of a laparoscopic double trocar for continuous peritoneal drainage. In contrast, 9 patients who did
not have diversion ileostomy at the primary operation underwent peritoneal flushing with the addition of a
diverting stoma. This also resulted in a longer recovery time of approximately 1 month in patients with grade C
AL without a diversion ileostomy, and 1 of these patients had a permanent stoma due to local recurrence. We
suggested that temporary diversion ileostomy may have a positive impact on healing anastomoses in cases of
AL. Wu et al. found that temporary diverting stoma significantly expedited leakage recovery by 4 days in patients
with non-severe AL in rectal cancer, particularly among those who did not undergo neoadjuvant therapy?®.
Further investigation was conducted to determine which subset of patients could potentially benefit from a
diverting ileostomy following AL. Asari et al. reported that surgical technique and experience were significant
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Fig. 2. The ROC curve of DAV parameter for potential-diversion-benefit.

factors influencing AL, with experienced operators potentially benefiting patients by selecting a protective
diverting stoma in high-risk cases?’. The current research study made a significant and original finding that DAV
(OR=0.078, p=0.002) emerged as the sole independent risk factor for potential-diversion-benefit in patients
with AL. The study established a DAV threshold of 8.6 cm and emphasized the heightened risk of AL in male
patients. As a result, the study recommended that male patients with a DAV ranging from 7 to 8.6 cm may benefit
from undergoing a diversion ileostomy after AL occurs in instances of locally advanced upper-half rectal cancer.

The present study is subject to several limitations. Firstly, inherent bias is present due to its retrospective
design. Despite efforts to mitigate bias through the use of PSM, not all potential confounders were balanced,
potentially introducing new selection biases. Secondly, in light of patients with confirmed diagnoses of
colonoscopic pathology from external hospitals but lacking specific colonoscopy reports detailing the distance
from the anal verge, our study opted to use MRI instead of colonoscopic measurements to ensure data consistency
and minimize gaps. Thirdly, while follow-up was deemed satisfactory, long-term functional outcome analyses
were hindered by missing data, primarily attributed to patients lost to follow-up or deceased.

Conclusion

In summary, within the limitations of this study, the results indicate that the utilization of diversion ileostomy as a
preventative measure for AL in cases of locally advanced upper-half rectal cancer is not universally endorsed due
to potential complications such as small bowel obstruction and wound infection. Nevertheless, in the occurrence
of AL, diversion ileostomy may prove advantageous for patient recuperation. Particularly, male patients with a
DAV ranging from 7 to 8.6 cm may experience benefits from undergoing diversion ileostomy subsequent to AL
in cases of locally advanced upper-half rectal cancer.

Data availability
The data used and/or analyzed during the current study are available from the corresponding author on reason-
able request.
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