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Abstract
AIM: To investigate the risk factors causing structural sequelae after anastomotic leakage in patients with mid to low rectal cancer.

METHODS: Prospectively collected data of consecutive subjects who had anastomotic leakage after surgical resection for rectal cancer from March 2006 to May 2013 at Korea University Anam Hospital were retrospectively analyzed. Two subgroup analyses were performed. The patients were initially divided into the sequelae (stricture, fistula, or sinus) and no sequelae groups and then divided into the permanent stoma (PS) and no PS groups. Univariate and multivariate analyses were performed to identify the risk factors of structural sequelae after anastomotic leakage.

RESULTS: Structural sequelae after anastomotic leakage were identified in 29 patients (39.7%). Multivariate analysis revealed that diversion ileostomy at the first operation increases the risk of structural sequelae [odds ratio (OR) = 6.741; P = 0.017]. Fourteen patients (17.7%) had permanent stoma during the follow-up period (median, 37 mo). Multivariate analysis showed that the tumor level from the dentate line was associated with the risk of permanent stoma (OR = 0.751; P = 0.045).

CONCLUSION: Diversion ileostomy at the first operation increased the risk of structural sequelae of the anastomosis, while lower tumor location was associated with the risk of permanent stoma in the management of anastomotic leakage.
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Core tip: This study aimed to find the risk factors causing structural sequelae of anastomotic site after leakage in rectal cancer patients. Anastomotic leakage is one of the most challenging complications. Even after patients recover from the acute complication phase, they can suffer from its structural sequelae including stricture, fistula, sinus, or permanent stoma. No studies have evaluated the risk factors causing structural sequelae of anastomosis after leakage. Here we report our data about the fate of anastomotic leakage and the risk factors that should be considered after anastomotic leakage in patients with rectal cancer.
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INTRODUCTION
Despite technological advancements in surgical devices, methods, and perioperative management, anastomotic leakage (AL) after colorectal surgery remains a significant problem for patients and surgeons. AL can result in poor surgical, oncological, and functional outcomes. It increases postoperative morbidity and mortality[1,2] as well as local and systemic tumor recurrence or progression[3] and decreases quality of life[4-6]. Even with the proper management of AL, structural sequelae can develop such as prolonged fistula, sinus formation, or stricture. Those complications may cause various symptoms, complicate postoperative management, delay or prevent stomal repair, and postpone adjuvant treatment.
There have been many studies on AL after colorectal surgery as well as its risk factors[7-11]. However, none have examined the prognosis of leakage itself. Here we evaluated the clinical consequences of the anastomosis site after leakage and identified factors influencing poor anastomotic healing after leakage.

MATERIALS AND METHODS
Study cohort and data collection
We performed a retrospective data analysis with prospectively collected data from a cohort of 107 consecutive patients who experienced AL after elective surgical resection for rectal cancer from March 2006 to May 2013 at Korea University Anam Hospital. A total of 809 patients with rectal cancer underwent surgical resection during this period. We included 79 patients in this study and excluded 30 patients who had upper rectal cancer (n = 18), were lost to follow-up, had postoperative mortalities (n = 9), or had another pelvic organ malignancy (n = 1). Follow-up loss was defined as when the patient did not present at the clinic on any of the designated dates during study period.
Two subgroup analyses were performed. First, all included patients were divided into the sequelae and no sequelae groups according to the existence of structural sequelae of AL (fistula, sinus, or stricture). Second, all patients were divided into the permanent stoma (PS) and no PS groups (Figure 1).

Procedures and follow-up
All surgical procedures were performed by three surgeons in a division that specialized in laparoscopic and robotic colorectal surgery. All surgical resections for rectal cancer were performed using a conventional laparoscopic or robotic method. A normal diet was resumed by clinical decision according to the surgeons’ preferences. The pathological examinations were performed by pathologists according to the seventh edition on colon and rectal cancer of the American Joint Committee on Cancer. The approach to managing AL was chosen by the surgeons among conservative management with antibiotic therapy, percutaneous abscess drainage (PAD), surgical procedures such as drainage and irrigation, diversion enterostomy with or without primary repair of the leakage site, re-resection with anastomosis, and Hartmann’s procedure.
After surgical resection of the rectal cancer, all patients were routinely followed every 3–6 mo during the first 2 years and every 6 mo thereafter. Routine follow-up tests included computed tomography (CT) of the abdomen and pelvis, chest CT, and carcinoembryonic antigen levels. Total colonofiberoscopy or sigmoidoscopy was performed if needed. Patients with AL underwent additional CT, sigmoidoscopy, or contrast study at the physician’s discretion.

Definitions
Anastomotic leakage was defined as in previous studies with any grade including abscess in close proximity and was diagnosed based on radiologic and endoscopic findings together with clinical signs such as a change in drainage color or signs of peritonitis that required surgery[12]. Mid to low rectal cancer was defined as rectal cancer located < 10 cm from the dentate line[13]. Hospital stay was defined as the period of time from admission until discharge. Intensive care unit (ICU) transfer was defined as transfer to the ICU during the course of in-hospital management including routine stays after the surgical procedure. Tumor location was defined as the length in centimeters between the lower tumor margin and the dentate line. Multi-organ failure was defined as functional deterioration of two or more vital organs.
Structural sequelae of AL included prolonged fistula, sinus formation, and anastomotic stricture. A fistula was diagnosed when the contrast study findings showed a fistulous tract connected to the intra-abdominal cavity, abdominal organ, or abscess cavity. Sinus formation was diagnosed when the end of a fistulous tract of any length without connection was identified during the examination. Anastomotic stricture was defined when the endoscopic findings showed any degree of stenotic lesion at the anastomotic area with or without symptoms. Permanent stoma was any type of enterostomy for the diversion that was not intended to be repaired until the last follow-up visit during the study period.

Statistical analysis
Continuous data were analyzed by Student’s t-test and categorical data were analyzed by logistic regression test or χ2 test with Fisher’s exact test as needed. Multivariate analysis was performed using a logistic regression test that was set up using univariate associations that were significant at P values < 0.05. Survival analysis and the test for cumulative incidence of permanent stoma were performed using Kaplan-Meier survival analysis with a log-rank test. All tests were two-sided and statistical significance was considered at P values < 0.05. Statistical analysis was performed using SPSS Statistics for Windows (version 20; IBM, Armonk, NY, USA).

RESULTS
Baseline characteristics
The median follow-up period of the included 79 patients was 37 mo. Disease-related death occurred in five patients, while disease progression or recurrence was observed in 18 patients. The baseline characteristics of the included patients (n = 79) are presented in Table 1. There was no statistically significant difference in initial management methods after AL (Tables 2 and 3). A total of 29 patients underwent multiple invasive procedures to manage complications after the initial therapies. Conservative therapy using antibiotics and diet control was initially intended for 32 patients, but 11 of them (34.4%) underwent other management tactics such as PAD or surgical procedures.

Risk of occurrence of structural sequelae after AL
Among the 79 patients, six were excluded from this comparison because they experienced changes in the anastomosis site by Hartmann’s procedure or re-resection and anastomosis at any point during the management period. Structural sequelae after anastomotic leakage, such as prolonged fistula, sinus formation, and stricture, were identified in 29 patients (39.7%). Univariate analysis of the sequelae and no sequelae groups revealed that age, pathological stage (0/I/II), ileostomy, hospital stay, duration of antibiotic use, and transfusion were significantly different between the two groups (Table 4). Multivariate analysis performed using these variables showed that diversion ileostomy at the first operation increases the risk of complications [odds ratio (OR) = 6.741; 95% confidence interval (CI): 1.404–32.364; P = 0.017; Table 4].

Risk analysis of permanent stoma
Among 79 patients, 14 (17.7%) had a permanent enterostomy. None of the patients in the no sequelae group required a permanent stoma, while 15 patients (51.7%) in the sequelae group (n = 29) were able to have their stomas repaired after anastomotic complication management.
Sinus formation occurred in eight patients, stricture in nine, and fistula in 14. Of these, 87.5% of stomas with sinus formation and 66.7% of those with stricture were closed, but only 35.7% of stomas with prolonged fistula could be closed. A log-rank test revealed a difference in the risk of PS between AL complication types with borderline significance (P = 0.05; Figure 2).
There was a statistically significant difference between the PS and no PS group in terms of tumor location from the dentate line, duration of antibiotic use, ICU transfer, and multi-organ failure (Table 3). Multivariate analysis showed that a tumor location farther from the dentate line was associated with decreased risk of PS (OR = 0.751; 95%CI: 0.567–0.994; P = 0.045) (Table 5).

DISCUSSION
To our knowledge, this is the first study of the structural sequelae of AL to include its prognosis and risk factors. Although several studies have been performed to identify the factors influencing PS[14-16], we identified the risk of structural sequelae that can occur after leakage as well as the risk of having a PS of patients who underwent surgical resection for mid to low rectal cancer.
Temporary diversion with ileostomy is frequently performed after high-risk anastomosis. Several factors are associated with high-risk anastomosis including preoperative radiotherapy, male gender, low-level anastomosis, co-morbidities, steroid use, and obesity[9-11]. However, the decision to perform diversion ileostomy depends on the surgeon. Although ileostomy after rectal surgery could be considered a subjective variable, diversion turned out to be the single most predictive risk factor of structural sequelae of AL in the current study. Diversion after surgical resection of mid to low rectal cancer can be interpreted to indicate that the anastomosis was unstable for various reasons, including preoperative radiotherapy, difficult procedure due to a deep and narrow pelvis (as is common in male patients), or very a low-level anastomosis.
Diversion for protection against AL or a defunctioning stoma can reduce the risk of anastomosis failure[17,18]. In a randomized multicenter trial, Matthiessen et al[19] reported that a defunctioning stoma could reduce the risk of AL (OR = 3.4; P < 0.001). However, the results of our study showed that if AL had already occurred, diversion was the most predictive factor of structural sequelae of AL. The significant difference in hospital stay and duration of antibiotic use between the sequelae and no sequelae groups on univariate analysis is thought to reflect the association between the development of AL complications and its severity. In addition, transfusion is usually performed when the procedures are difficult for various reasons such as severe adhesion, narrow pelvis, and an advanced cancer lesion.
Dinnewitzer et al[16] reported that coloanal anastomosis and anastomotic leakage were risk factors for PS on multivariate analysis. Den Dulk et al[20] reported that postoperative complications and secondary stoma formation were limiting factors for stoma reversal in patients undergoing total mesorectal excision (TME) for rectal cancer. We found that all protective diversions were repaired in patients who did not have structural sequelae of AL, whereas only 51.7% of patients in the sequelae group had repairable stomas. Our results also showed that a higher cancer lesion location decreased the risk of PS (OR = 0.751; P = 0.045). Univariate analysis showed that ICU transfer and multi-organ failure were associated with PS (Table 3). A patient’s postoperative condition might affect the decision to perform stoma repair.
The prognosis of patients who experience AL after colorectal surgery for colorectal cancer is known to be worse than that of those who do not[21-24]. We did not compare the leakage and non-leakage groups, but 5-year progression-free survival was significantly decreased in the patients who could not undergo stoma repair compared to those of patients who could (data now shown). Dekker et al[25] showed the importance of the first postoperative year for the prognosis of patients with colorectal cancer. Our finding of a worse 5-year progression-free survival rate of the PS group suggest that post-leakage structural sequelae should be a concern in the consideration of cancer prognosis.
We could not collect data on anorectal function for all of the included patients. Patients who had their stomas repaired might have problems with long-term anorectal function[26,27]. By adding functional data, we would learn more about the prognosis of structural sequelae of AL. Moreover, there were no standard protocols for the choice of management options for the structural sequelae of AL; rather, it depended on each physician’s choice[28-30]. Nonetheless, there was no statistically significant difference in management methods between the study groups (Tables 2 and 4).
In conclusion, even with proper management, patients undergoing rectal surgery may experience structural sequelae of anastomotic leakage. Although there are several reasons to perform diversion, our study showed that performing ileostomy significantly increased the risk of structural sequelae of AL and that a lower cancer lesion location was a risk factor for PS.
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Figure 1 Flow chart of patient selection and subgroups in our study. PS: Permanent stoma.
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Figure 2 Cumulative incidence of stoma repair according to the anastomotic leakage sequelae type during 3 years following the operation. The log-rank test revealed a difference among the three types of structural sequelae in terms of permanent stoma incidence with borderline significance (P = 0.05).

Table 1 Baseline characteristics of patients diagnosed with anastomosis leakage after resection of mid to low rectal cancer (n = 79)
	
	n (%)
	Surgical method
	n (%)

	Age (yr, median)
	59
	
	

	Gender
	
	Conventional
	3 (3.8)

	Male
	55 (69.6)
	Laparoscopic
	45 (57.0)

	Female
	24 (30.4)
	Robotic
	28 (35.4)

	BMI (mean, kg/m2)
	24.18
	Conversion
	3 (3.8)

	ASA score
	
	Anastomosis method
	

	I
	34 (43.0)
	Hand-sewn
	10 (12.8)

	II
	43 (54.4)
	Stapling
	68 (87.2)

	III
	2 (2.5)
	Anastomosis type
	

	Tumor stage
	
	End-to-end
	70 (88.6)

	0/I
	23 (29.1)
	End-to-side
	5 (6.3)

	II
	24 (30.4)
	Colonic J-pouch
	4 (5.1)

	III
	24 (30.4)
	Neoadjuvant chemoradiotherapy
	19 (24.1)

	IV
	8 (10.1)
	Transfusion
	13 (17.3)



Data are expressed as n (%), mean or median. BMI: Body mass index; ASA: American Society of Anesthesiologists.


Table 2 Univariate analysis of differences between the sequelae and no sequelae groups (n = 73) n (%)
	
	
	
	
	95%CI
	

	
	Sequelae1
	No sequelae
	OR
	Lower
	Upper
	P value

	Age, median (yr)
	62
	55.5
	
	
	
	0.037

	   > 65
	11 (37.9)
	14 (31.8)
	1.459
	0.557
	3.819
	0.442

	Gender
	
	
	
	
	
	

	Male
	21 (72.4)
	30 (68.2)
	1.148
	0.411
	3.212
	0.792

	BMI, mean
	23.99
	24.25
	
	
	
	0.748

	ASA score
	
	
	
	
	
	

	I
	11
	20
	
	
	
	

	II/III
	18
	24
	1.259
	0.487
	3.255
	0.635

	Operation time, mean (min)
	284.49
	260.74
	
	
	
	0.205

	Ileostomy
	21 (72.4)
	20(45.5)
	3.412
	1.254
	9.290
	0.016

	LNM, mean
	1.1
	1.3
	
	
	
	0.698

	RLN, mean
	22.1
	23.6
	
	
	
	0.681

	Stage
	
	
	
	
	
	

	0/I/II
	22 (75.9)
	22 (50.0)
	
	
	
	

	III/IV
	7 (24.1)
	22 (50.0)
	0.318
	0.114
	0.890
	0.029

	Tumor location, median (centimeters from AV)
	5
	5.5
	
	
	
	0.144

	Neoadjuvant chemoradiotherapy
	9 (31.0)
	8 (18.2)
	2.137
	0.715
	6.393
	0.174

	Surgical method
	
	
	
	
	
	0.080

	Conventional
	0
	3 (6.9)
	
	
	
	

	Laparoscopic
	14 (48.3)
	27 (61.4)
	
	
	
	

	Robotic
	13 (44.8)
	14 (31.8)
	
	
	
	

	Conversion
	2 (6.9)
	0
	
	
	
	

	Anastomosis
	
	
	
	
	
	0.726

	Hand-sewn
	3 (10.3)
	6 (13.6)
	
	
	
	

	Stapling
	26 (89.7)
	38 (86.4)
	
	
	
	

	Anastomosis type
	
	
	
	
	
	0.766

	End-to-end
	26 (89.7)
	39 (88.6)
	
	
	
	

	End-to-side
	2 (6.9)
	2 (4.5)
	
	
	
	

	Colonic J-pouch
	1 (3.4)
	3 (6.9)
	
	
	
	

	Mechanical bowel preparation
	
	
	
	
	
	

	Yes
	20 (69.0)
	34 (77.3)
	
	
	
	

	No
	9 (31.0)
	10 (22.7)
	0.784
	0.281
	2.187
	0.642

	Initial AL management
	
	
	
	
	
	0.512

	Conservative
	12 (41.4)
	20 (45.5)
	
	
	
	

	PAD
	7 (24.1)
	9 (20.5)
	
	
	
	

	Diversion only
	4 (13.8)
	10 (22.7)
	
	
	
	

	Primary repair + diversion
	0
	1 (2.3)
	
	
	
	

	Surgical irrigation + drainage
	6 (20.7)
	4 (9.1)
	
	
	
	

	Transfusion
	8 (27.6)
	4 (9.1)
	3.810
	1.027
	14.137
	0.046

	Leakage (d)
	5.7
	4.2
	
	
	
	0.054

	Hospital stay (d)
	48.9
	20.9
	
	
	
	0.001

	Days to start diet (d)
	6.3
	5.7
	
	
	
	0.665

	Antibiotics use (d)
	25.3
	15.0
	
	
	
	0.001

	ICU transfer
	3 (10.3)
	3 (6.9)
	1.212
	0.251
	5.852
	0.811

	Multi-organ failure
	3 (10.3)
	2 (4.3)
	2.538
	0.398
	16.204
	0.325

	Postoperative ileus
	5 (17.2)
	4 (8.7)
	2.197
	0.536
	8.935
	0.276


1Patients who had structural sequelae after leakage, includes patients with anastomosis fistula, sinus, or stricture. Data are expressed as n (%), mean or median. BMI: Body mass index; ASA: American Society of Anesthesiologists; LNM: Lymph node metastasis; RLN: Retrieved lymph nodes; AV: Anal verge; PAD: Percutaneous abscess drainage; AL: Anastomotic leakage; ICU: Intensive care unit; OR: Odds ratio.

Table 3 Univariate analysis of differences between the permanent stoma and no permanent stoma groups (n = 79) n (%)
	
	
	
	
	95% CI
	

	
	PS
	No PS
	OR
	Lower
	Upper
	P value

	Age, median (yr)
	58
	60
	
	
	
	0.772

	   > 65
	4 (28.6)
	25 (38.5)
	0.250
	0.181
	2.262
	0.488

	Gender
	
	
	
	
	
	

	Male
	10 (71.4)
	45 (69.2)
	1.111
	0.311
	3.971
	0.871

	BMI, mean
	24.29
	24.16
	
	
	
	0.893

	ASA score
	
	
	
	
	
	

	I
	8 (57.1)
	26 (40.0)
	
	
	
	

	II/III
	6 (42.9)
	39 (60.0)
	0.500
	0.155
	1.609
	0.245

	Surgical time, mean (min)
	274.79
	269.63
	
	
	
	0.827

	Ileostomy
	11 (78.6)
	34(52.3)
	3.343
	0.853
	13.107
	0.083

	LNM, mean
	2.21
	1.06
	
	
	
	0.299

	RLN, mean
	20.57
	23.11
	
	
	
	0.561

	Stage
	
	
	
	
	
	

	0/I/II
	9 (64.3)
	23 (58.5)
	
	
	
	

	III/IV
	5 (35.7)
	23 (41.5)
	0.782
	0.236
	2.594
	0.688

	Tumor location, median (centimeters from AV)
	3
	5
	
	
	
	0.029

	Neoadjuvant chemoradiotherapy
	5 (35.7)
	14 (21.5)
	2.204
	0.584
	7.014
	0.266

	Surgical method
	
	
	
	
	
	0.438

	Conventional
	0 (0)
	3 (4.6)
	
	
	
	

	Laparoscopic
	10 (71.4)
	35 (53.8)
	
	
	
	

	Robotic
	3 (21.4)
	25 (38.5)
	
	
	
	

	Conversion
	1 (7.1)
	2 (3.1)
	
	
	
	

	Anastomosis
	
	
	
	
	
	0.545

	Hand-sewn
	1 (7.7)
	9 (13.8)
	
	
	
	

	Stapling
	12 (92.3)
	56 (86.2)
	
	
	
	

	Anastomosis type
	
	
	
	
	
	0.129

	End-to-end
	12 (85.7)
	58 (89.2)
	
	
	
	

	End-to-side
	2 (14.3)
	3 (4.6)
	
	
	
	

	Colonic J-pouch
	0
	4 (6.2)
	
	
	
	

	Mechanical bowel preparation
	
	
	
	
	
	

	Yes
	5 (35.7)
	17 (26.2)
	
	
	
	

	No
	9 (64.3)
	48 (73.8)
	0.638
	0.187
	2.171
	0.471

	Initial AL management
	
	
	
	
	
	0.633

	Conservative
	4 (28.6)
	29 (44.6)
	
	
	
	

	PAD
	4 (28.6)
	13 (20.0)
	
	
	
	

	Diversion only
	2 (14.3)
	12 (18.5)
	
	
	
	

	Primary repair and diversion
	0
	1 (1.5)
	
	
	
	

	Surgical irrigation and drainage
	3 (21.4)
	7 (10.8)
	
	
	
	

	Re-anastomosis and diversion
	0
	2 (3.1)
	
	
	
	

	Hartmann’s procedure
	1 (7.1)
	1 (1.5)
	
	
	
	

	Transfusion
	5 (35.7)
	10 (15.4)
	3.056
	0.846
	11.036
	0.088

	Leakage, mean (d)
	5.0
	4.7
	
	
	
	0.768

	Hospital stay, mean (d)
	45.9
	29.1
	
	
	
	0.121

	Days to start diet, mean (d)
	7.5
	5.8
	
	
	
	0.427

	Antibiotics use, mean (d)
	26.8
	17.5
	
	
	
	0.018

	ICU transfer
	4 (28.6)
	5 (7.7)
	4.800
	1.098
	20.990
	0.037

	Multi-organ failure
	3 (21.4)
	3 (4.6)
	5.636
	1.005
	31.602
	0.049

	Postoperative ileus
	1 (7.1)
	8 (12.3)
	0.548
	0.063
	4.773
	0.586


Data are expressed as n (%), mean or median. PS: Permanent stoma; BMI: Body mass index; ASA: American Society of Anesthesiologists; LNM: Lymph node metastasis; RLN: Retrieved lymph nodes; AV: Anal verge; AL: Anastomotic leakage; PAD: Percutaneous abscess drainage; ICU: Intensive care unit; OR: Odds ratio.

Table 4 Multivariate analysis of the sequelae and no sequelae groups including variables selected on univariate analysis
	
	
	95%CI
	

	
	OR
	Lower
	Upper
	P value

	Age
	1.035
	0.979
	1.095
	0.378

	Ileostomy
	6.741
	1.069
	13.372
	0.017

	Stage (III/IV)
	0.292
	0.079
	1.077
	0.064

	Antibiotics use (d)
	1.016
	0.954
	1.085
	0.613

	Hospital stay (d)
	1.045
	0.987
	1.106
	0.135

	Transfusion
	5.760
	0.787
	42.138
	0.085


OR: Odds ratio. 









Table 5 Multivariate analysis of the permanent stoma and no permanent stoma groups with factors selected on univariate analysis
	
	
	95% CI
	

	
	OR
	Lower
	Upper
	P value

	Tumor location
	0.751
	0.567
	0.994
	0.045

	Antibiotic use
	1.036
	0.990
	1.084
	0.125

	ICU transfer
	4.184
	0.277
	63.162
	0.301

	Multi-organ failure
	0.685
	0.027
	17.426
	0.528


OR: Odds ratio; ICU: Intensive care unit.
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