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Abstract
BACKGROUND
Enteric anastomotic (EA) bleeding is a potentially life-threatening surgical complication associated with enteric anastomosis during simultaneous pancreas and kidney transplantation (SPKT).

AIM
To investigate whether suture ligation (SL) for submucosal hemostasis during hand-sewn enteric anastomosis could decrease the morbidity of early EA bleeding in SPKT.

METHODS
We compared the outcomes of 134 patients classified into SL (n = 44) and no SL (NSL) groups (n = 90). This study adheres to the declarations of Istanbul and Helsinki and all donors were neither paid nor coerced.

RESULTS
During the first postoperative week, the EA bleeding rate in the SL group was lower than that in the NSL group (2.27% vs 15.56%; P = 0.021); no relationship was found between EA bleeding and donor age, mean pancreatic cold ischemia time, platelet count, prothrombin time international normalized rate, activated partial thromboplastin time, and thrombin time. Anastomotic leakage was observed in one case in the SL group at postoperative day (POD) 14 and in one case at POD 16 in the NSL group (P = 0.754). No significant difference was found between the two groups in the patient survival, pancreas graft survival, or kidney graft survival.

CONCLUSION
SL for submucosal hemostasis during hand-sewn enteric anastomosis in SPKT can decrease the morbidity of early EA bleeding without increasing the anastomotic leakage rate.
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Core Tip: Enteric anastomotic (EA) bleeding is a potentially life-threatening complication of simultaneous pancreas and kidney transplantation (SPKT) and can result in graft loss; therefore, it is essential to lower the incidence of EA bleeding. This study aimed to investigate whether suture ligation for submucosal hemostasis during enteric anastomosis could decrease the morbidity of early EA bleeding in SPKT. By comparing the outcomes of patients of suture ligation and no suture ligation groups, we found that suture ligation for submucosal hemostasis during enteric anastomosis in SPKT can decrease the morbidity of early EA bleeding without concurrently increasing the anastomotic leakage rate.

INTRODUCTION
Pancreas transplantation is the treatment of choice for patients with type 1 insulin-dependent diabetes mellitus; recently, more patients with type 2 diabetes mellitus have undergone pancreas transplantation[1]. In the United States, simultaneous pancreas and kidney transplantation (SPKT) was the most common type of pancreas transplantation in 2018[1]. More than 80% of pancreas transplantations are performed with enteric drainage (ED), and systemic venous drainage is used for more than 90% of pancreas transplantations[2]. The site of enteric anastomosis can range from the stomach to the distal ileum of the recipient[3-6]; most often, the site of anastomosis is at the jejunum[2]. Direct side-to-side anastomosis between the transplanted duodenal segment and the recipient small bowel is the most common technique. Gastrointestinal (GI) bleeding and anastomotic leak are the most common surgical complications associated with enteric anastomosis[7]. GI bleeding may occur early and late after transplantation, and the morbidity of GI bleeding could be as high as approximately 11% according to previous reports[5,8]; it can result in graft loss and can be a life-threatening condition[7,9]. The sites of GI bleeding are mainly at the level of the enteric anastomosis[8,9]. Suture ligation (SL) techniques have been used during hemostasis for larger blood vessels throughout gastrectomy. The intestinal wall has abundant microvessels. For ordinary small intestinal anastomosis, sufficient suture pitch and the adequate strength of knotting can ensure adequate hemostasis during the anastomosis between the small intestine, and an SL technique is not needed usually. Enteric anastomosis during SPKT is different from ordinary small intestinal anastomosis: The transplanted duodenal segment is edematous after blood reperfusion, and the anastomotic stoma is corroded by constant exocrine outputs of the pancreas graft. There have been no reports on whether the SL technique is beneficial for submucosal hemostasis during hand-sewn enteric anastomosis in pancreas transplantation. To investigate the advantages and disadvantages of this novel technique on early EA bleeding and anastomotic leakage, we retrospectively analyzed the clinical data of patients who underwent SPKT at our center. This study adheres to the declarations of Istanbul and Helsinki, and none of the organs used were from executed prisoners. All donors were neither paid nor coerced.

MATERIALS AND METHODS
Study subjects
From January 2016 to December 2019, 138 SKPT were performed in our center, and 134 patients were included in this study. All graft organs came from deceased donors, including 9 cases of anoxia, 45 cases of cerebrovascular accident/stroke, 73 cases of head trauma, 4 cases of central nervous system tumor, and 3 cases of organophosphorus poisoning. The indications for transplantation were type 1 or type 2 diabetes with end-stage renal disease. During the transplant evaluation process, all patients underwent gastroscopy and colonoscopy. Exploration of all the small intestines during operation was performed for every patient. Patients with one or more of the below diseases were excluded from the study: Gastroduodenal ulcer, severe gastritis and duodenitis, colitis, digestive tract tumor, diverticulum, digestive tract polyp, and GI bleeding history. Patients with graft pancreasectomy due to thrombosis or severe infection within the first postoperative week were excluded from the study. According the above criteria, two patients with graft pancreasectomy due to thrombosis within the first postoperative week were excluded from the study. One patient diagnosed with ascending colonic diverticulum by colonoscope before transplantation and experienced hemorrhage of diverticulum after SPKT was excluded. Another patient was excluded from the study because of a history of duodenal ulcer bleeding. Cytomegalovirus (CMV) DNA tests performed before SPKT were negative for all included patients. The characteristics of the recipients and donors included in the study are shown in Table 1.

Surgical techniques
The liver, pancreas, and kidney were recovered using an en bloc technique for organ procurement. For the duodenal decontamination, lavage technique via the nasogastric tube was performed routinely with normal saline (500 mL), and then metronidazole solution (200 mL) was then instilled during pancreas procurement. The proximal gastroduodenal artery (GDA) and distal common hepatic artery were distributed to the liver, leaving the aortic patch with the superior mesenteric artery and celiac trunk for the pancreas. Subsequently, the distal splenic artery and vein were ligated, and the spleen was removed. After the proximal and distal donor duodenum were closed using a linear cutting stapler, the stump was strengthened by interrupted seromuscular sutures. As reported in the literature[10], we reconstructed the GDA by end-to-end anastomosis with the common hepatic artery or left gastric artery and interposed a donor mesentery artery, if necessary.
Both kidney and pancreas transplantations were performed using a single right incision through the rectus abdominis. As reported by Tso[11], we anastomosed the renal artery to the internal iliac artery limb of the donor conduit and anastomosed the aortic patch of the graft to the external iliac artery limb of the donor conduit and the common iliac artery of the donor conduit to the right external iliac artery of the recipient in an end-to-side fashion, so both organs could be vascularized by utilizing a single Y arterial conduit (Figure 1). Both organs were transplanted on the right side of the patient’s abdominal cavity. The renal vein was anastomosed to the right external iliac vein. The venous outflow of the pancreas graft was arranged via the systemic venous system by anastomosing the portal vein end-to-side to the distal vena cava. The head of the pancreas and duodenum were oriented superiorly, and the donor duodenal segment was anastomosed side-to-side to the distal ileum. The distance from the anastomotic stoma to the ileocecal valve was 60 cm. The operation process is illustrated in Figure 1.
According to the pattern of enteric anastomosis, patients were divided into two groups: SL or no SL (NSL) groups. From the first outpatient visit, during preoperative evaluation, operation, and follow-up after SPKT, a patient will be under constant supervision by the same doctor in our center. If a patient was supervised by the doctor who is the corresponding author of this paper, then the patient was allocated into the SL group. If a patient was not supervised by the doctor who is the corresponding author of this paper, then the patient was allocated into the NSL group. There were no other criteria for grouping. A total of 44 and 90 patients were classified into the SL group and NSL group, respectively. The transplanted duodenal segment and the distal ileum of the recipient were incised 3-4 cm longitudinally at the site of the anastomotic stoma by using a scalpel after pancreas graft blood reperfusion. Then, mucosal aneriodine cotton balls were used for decontamination of the duodenal segment and the distal ileum. In the SL group, bleeding spots at the cut edge of the bowel (ileum of the recipient and duodenum of the transplanted organ) were staunched by transmural figure-of-eight SL at the mucosal points of the bleeding with a silk thread (Figure 2). A penetration of all layers from the serosa to the lumen was made, and the needle position on the serosa and mucosa was 1-2 mm apart from the cut edge. In the NSL group, SL was not performed, and electric coagulation using an argon knife was performed if necessary. After submucosal hemostasis, side-to-side duodeno-ileostomy was performed using a two-layer hand-sewn running anastomosis: a running unabsorbable suture for the transmural inner layer and an outer inverted seromuscular layer in both groups. The needle position was 4-5 mm from the cut edge when suturing the inner layer. Enteric anastomoses in the NSL group were performed by an experienced surgical team member who had performed more than 100 SPKT operations before this study, while enteric anastomoses in the SL group were performed by a relative younger surgical team member who had performed less than 10 SPKT operations before this study. To decrease the EA bleeding rate in SPKT, the doctors in the SL group proposed the conception of SL for submucosal hemostasis during hand-sewn side-to-side duodeno-ileostomy and applied this technique from January 2016. Cases before January 2016 in our center were excluded from this study.

Immunosuppressive agents
Anti-thymocyte globulin was administered for induction at 1.5 mg/kg during surgery and 1.5 mg/kg per day for 3 d after transplantation. The maintenance immunosuppression regimen included tacrolimus or cyclosporine, mycophenolate mofetil, and prednisolone (Table 1). The target trough level of tacrolimus was 8-12 ng/mL within 3 mo of transplantation, the target trough level of cyclosporine was 150-200 ng/mL, and the target level of cyclosporine 2 h after administering the medicine was 800-1200 ng/mL.

Prophylactic anticoagulation therapy 
To prevent pancreatic graft thrombosis, low-molecular-weight heparin was administered for 6 d (50 IU/kg/d) by subcutaneous injection for all patients, followed by the oral administration of aspirin (100 mg/d) for 3 mo. If GI bleeding occurred, prophylactic anticoagulation therapy was withdrawn. Patients of the two groups received the same anticoagulation prophylaxis. Routine monitoring of the platelet count and disseminated intravascular coagulation (DIC) indicators was performed during anticoagulation therapy.

Defining EA bleeding and anastomotic leak 
The diagnostic criteria of EA bleeding were as follows: (1) Patient experienced melena or hematochezia with obvious hemoglobin decline, and anastomotic bleeding was identified by angiography or relaparotomy; and (2) If the patient experienced melena or hematochezia with obvious hemoglobin decline, but relaparotomy was not performed and angiography results was negative and could not show the site of GI bleeding, then the following criteria must be met: No blood fluid was drained from nasogastric tubes and colonoscopy revealed that the end ileal lumen next to the ileocecal valve contained blood fluid. Anastomotic leak was diagnosed based on clinical symptoms, imaging study results, laboratory findings, or a combination thereof, as previously reported[12].

CMV DNA tests 
The results of CMV DNA blood tests of all EA bleeding recipients at the time of EA bleeding were collected. 

Statistical analysis 
Continuous variables were reported as mean ± standard deviation (SD) or medians [interquartile range (IQR)] depending on the distribution of the data. If data were normally distributed and had variance homogeneity, an analysis of variance was used for comparisons between groups. If the distribution was not normal, a Kruskal-Wallis rank-sum test was used for comparisons between groups. Categorical variables were analyzed using a chi-square test. Cumulative graft and patient survival rates were computed by a Kaplan-Meier survival analysis. Data analyses were performed using R 3.6.2 statistical software. The study was reviewed by our expert biomedical statistician Cao Y, MD.

RESULTS
Patient characteristics
The characteristics of the donors and recipients in the SL and NSL groups are displayed in Table 1. There were 44 and 90 patients in the SL group and NSL group, respectively. The two groups were matched for the following: age of the donor; donor sex; age of the recipient; diabetes duration; diabetes type; body mass index; blood type; human leukocyte antigen (HLA) -A, HLA-B, and HLA-DR mismatch; immunosuppression; DIC indicators; and platelet count. The duration of dialysis was slightly longer in the SL group than in the NSL group [12.00 mo (IQR, 6.25, 36.00) vs 10.00 mo (IQR, 5.00, 20.75); P = 0.037]. The pancreas ischemia time was longer in the SL group than in the NSL group (446.71 ± 104.11 min vs 400.94 ± 89.79 min; P = 0.010). 

EA bleeding and anastomotic leakage during the first 3 mo after transplantation 
In the first postoperative week, the EA bleeding rate was less in the SL group (1/44; 2.27%) than in the NSL group (14/90; 15.56%; P = 0.021) (Table 2), respectively. Patients from both groups received immediate anticoagulant treatment. The transfusion rate for EA bleeding in the first postoperative week was lower in the SL group than in the NSL group [2.27% (1/44) vs 14.44% (13/90); P = 0.035].
If medical treatment exceeded more than 48 h and hematochezia was not relieved and was accompanied by unstable blood pressure, relaparotomy was considered. Owing to the failure of conservative therapy, three patients in the NSL group underwent relaparotomy (Tables 2 and 3), and EA bleeding was identified, and the reconstruction of the anastomosis was performed in these three patients. There were no pancreas graft loss and no recurrence of GI bleeding after relaparotomy. The rate of relaparotomy due to EA bleeding was lower in the SL group than in the NSL group; however, no differences were found between the two groups [0% (0/44) vs 3.33% (3/90); P = 0.551]. 
Anastomotic leakage was observed in 1 (2.27%) of 44 patients in the SL group at postoperative day (POD) 14 and was healed by conservative treatment. One patient in the NSL group (1/90; 1.11%) experienced anastomotic leakage at POD 16; subsequently, the pancreas graft was lost.

CMV DNA test results of patients with GI bleeding 
CMV DNA blood testing was performed for all EA bleeding patients within 1 wk post-operation, and results were all negative. Three patients in the NSL group underwent relaparotomy; unfortunately, the biopsy of the transplanted duodenal segment was not performed during relaparotomy. Therefore, the results of the immunohistochemistry staining of the transplanted duodenal segment for CMV were not available.

Donor age, mean pancreatic cold ischemia time, and DIC indicators of patients with and without GI bleeding
A comparison of patients with EA bleeding (n = 15) and those without EA bleeding (n = 119) within the first week after transplantation showed no differences in donor age (Figure 3A), mean pancreatic cold ischemia time (Figure 3B), platelet count (Figure 3C), prothrombin time international normalized rate (Figure 3D), activated partial thromboplastin time (Figure 3E), and thrombin time (Figure 3F).

Survival analysis
The median follow-up durations were 2.11 years and 2.12 years for patients of the SL group and NSL group, respectively. The Kaplan–Meier curves plotted for comparisons between the SL and NSL groups after transplantation are shown in Figure 4. No significant difference was found between the two groups in terms of the survival curves for patients, pancreas graft, and kidney graft. The study was reviewed by our expert Biostatistic Cao Y, MD.

DISCUSSION
In 1967, the first SPKT was performed by Kelly et al[13] at the University of Minnesota. Since then, several pancreas transplantation techniques have been developed. From the mid-1970s to the mid-1980s, segmental pancreas transplantation was the prevalent technique. Subsequently, whole pancreaticoduodenal graft transplantation with ED became the gold standard for SPKT[6]. In the majority of cases involving ED, systemic venous drainage was used[14]. Inferior vena cava drainage and duodeno-ileostomy without a Roux-en-Y loop have been used in our center. 
ED can be justified based on physiological conditions; however, the complications associated with a simultaneously transplanted duodenum, such as GI bleeding and anastomotic leakage, may be potentially life-threatening. The accurate morbidity rate associated with GI bleeding after ED pancreas transplantation is unknown. In the literature, the data on GI bleeding following pancreas transplantation are under-reported. Large case series reports are insufficient and the criteria for GI bleeding were not elucidated from these reports. Orsenigo et al[8] reported that 11% (7/61) of recipients experienced GI bleeding complications during the first postoperative week, and six patients (85.71%) required relaparotomy and EA bleeding was identified in five patients. In a study of 11 cases, one patient required endoscopy for the luminal bleeding of the duodenal anastomosis site[4]. A report in Austria showed that in 379 pancreas transplants, GI bleeding occurred in 28 (7.38%) patients, of which 23 (82.14%) patients experienced GI bleeding at the level of the enteric anastomosis, and surgery was required in 25% of GI bleeding cases[9]. In our study, 20.0% (3/15) of the patients with EA bleeding underwent relaparotomy. 
With the dramatic improvements in staplers, stapled anastomoses are being used for digestive tract reconstruction in ordinary small intestinal surgery and for pancreas transplantation[15,16]. When using a linear cutting stapler for enteric anastomosis, bleeding along the staple line could be controlled by interrupted sutures[16]. Because the transplanted duodenal segment is usually edematous after blood reperfusion, stapled anastomoses may be unsuitable for the intestinal tract in severe edematous cases. Besides, stapled anastomoses are more expensive than hand-sewn technique especially in developing countries[17]. Compared with duodeno-duodenostomy, duodeno-ileostomy combined with postcava drainage in our study could decrease the surgical difficulty significantly but made it difficult to perform hemostasis by endoscopy in cases of EA bleeding. Therefore, improvements in the hand-sewn technique for ED are still required to decrease morbidity associated with complications related to the transplanted duodenal segment.
There are abundant vessels in the submucosal plexus of the intestinal wall[18]. In one report, ligation or electric coagulation was performed for hemostasis in 46 cases involving anastomoses of the small bowel to the small bowel in the control group[17]; however, there is no report involving SPKT cases. GI bleeding that occurs within 7 d of pancreas transplantation with ED usually initiates from the anastomotic suture line[8-9,19]. Our study demonstrated that the incidence of EA bleeding within the first postoperative  week could be minimized by using a careful plication technique during SPKT. Pancreas transplantation is a complicated transplant procedure, and the surgical experience for pancreas transplantation may influence the success and complication rates of such a complicated transplant procedure. The surgical team in the NSL group possessed much more surgical experience and should achieve lower EA bleeding rate than the relative younger surgical team in the SL group, but our data showed the opposite result: the EA bleeding rate was lower in the SL group. We think that the plication technique affected the EA bleeding rate more than surgical experience, leading to the decreasing EA bleeding rate in the SL group. Non-crushing bowel clamps should be applied to the ileum only, and the mesentery of the ileum should not be clamped, so that bleeding spots at the cut edge of the ileum of the patient could be thoroughly staunched. The blood vessels in the submucous layers might be destroyed by ligation, which may affect the anastomotic stoma healing rate, and cause anastomotic leakage. Compared with no SL, our data showed that plication techniques did not increase the morbidity of anastomotic leakage. 
Several factors may account for the anastomotic stoma’s propensity for EA bleeding. The transplanted duodenal segment is edematous after blood reperfusion. When edema subsides postoperatively, an onset of anastomotic stoma bleeding might occur at the anastomotic suture line due to the weakening compressive strength of the suture thread. Another factor is the exocrine output of the pancreas graft. Trypsinogen enters the small intestine and is stimulated as active trypsin by enterokinase in the small intestine. The introrsus cut edges of the bowel at the anastomotic site are directly exposed to the intestinal cavity and corroded by the active trypsin, thus increasing the susceptibility of the anastomotic stoma to bleeding. In 1982, Groth et al[20] inserted a catheter in the pancreatic duct to protect the anastomosis sutures during the segmental pancreas transplantation. Because of a propensity for thrombosis, most centers use some types of empiric thromboprophylaxis[21,22]. Poor coagulation function may be a risk factor for EA bleeding in SPKT. Our data showed no relationship between coagulation indicators and EA bleeding (Figure 3). Ulceration with bleeding due to CMV infections has been reported in the duodenal cuff of the transplanted pancreas[23], but CMV infection did not correlate with EA bleeding in our study. 
The first limitation in this study is its retrospective approach. Another limitation of this study is the relatively small number of patients in the SL group; more cases are needed to confirm the benefit of SL technique in SPKT.

CONCLUSION
Compared with no SL, a two-layer running hand-sewn anastomosis with hemostasis by SL at the cut edge of the bowel (ileum of the recipient and duodenum of the donor organ) may help decrease the morbidity of early EA bleeding and the transfusion rate, without increasing the anastomotic leakage rate.

ARTICLE HIGHLIGHTS
Research background
As a potentially life-threatening complication of simultaneous pancreas and kidney transplantation (SPKT), enteric anastomotic (EA) bleeding frequently results in surgical relaparotomy and graft loss; therefore, it is essential to decrease the incidence of EA bleeding.

Research motivation
An effort was made for submucosal hemostasis during enteric anastomosis in SPKT with a lower EA bleeding rate.

Research objectives
To investigate the advantages and disadvantages of suture ligation (SL) for submucosal hemostasis during enteric anastomosis on early EA bleeding and anastomotic leakage in SPKT.

Research methods
We compared the outcomes of 134 patients classified into SL (n = 44) and no SL (NSL) groups (n = 90).

Research results
During the first postoperative week, the EA bleeding rate in the SL group was lower than that in the NSL group during the first postoperative week. No relationship was found between EA bleeding and donor age, mean pancreatic cold ischemia time, platelet count, prothrombin time international normalized rate, activated partial thromboplastin time, and thrombin time. No significant difference was noted between the two groups in terms of the anastomotic leakage rate, patient survival curve, pancreas graft survival curve, or kidney graft survival curve.

Research conclusions
Compared with no SL, SL for submucosal hemostasis during enteric anastomosis in SPKT can decrease the EA bleeding rate and do not increase the anastomotic leakage rate.

Research perspectives
Further clinical randomized controlled studies with a large sample size are needed to confirm the effect of plication techniques on submucosal hemostasis during enteric anastomosis in SPKT in the future.
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Figure Legends

Figure 1 Revascularization of the pancreas and kidney with a single arterial conduit. The donor duodenum segment was anastomosed side-to-side to the recipient’s distal ileum. CHA: Common hepatic artery, GDA: Gastroduodenal arterial, SMA: Superior mesenteric artery.


Figure 2 Suture ligation for submucosal hemostasis. A: Bleeding at the cut edge of the duodenum; B: Bleeding spots of the duodenum were staunched by transmural suture ligation; C: Bleeding at the cut edge of the ileum; D: Bleeding spots of the ileum were staunched by transmural suture ligation. Black arrow: Knot of suture thread.


Figure 3 Comparison of clinical features within 1 wk postoperatively in gastrointestinal bleeding and no gastrointestinal bleeding group. A: Donor age; B: Mean pancreatic graft cold ischemia time; C: Platelet count; D: Prothrombin time international normalized rate; E: Activated partial thromboplastin time; F: Thrombin time. GI: Gastrointestinal; INR: International normalized rate.


Figure 4 The Kaplan–Meier curves for patient, kidney graft, and pancreas graft in suture ligation and no suture ligation group. A: Patient survival curves; B: Kidney graft survival curves; C: Pancreas graft survival curves. SL: Suture ligation; NSL: No suture ligation.

Table 1 Donor and simultaneous pancreas and kidney transplantation recipient clinical characteristics, n (%)
	Characteristics
	SL group (n = 44)   
	NSL group (n = 90) 
	P value

	Donor age, yr
	34.00 ± 8.82
	32.32 ± 10.65
	0.367

	Donor gender (male/female, n)
	36/8
	75/15
	0.827

	Recipient age, yr
	46.52 ± 9.50
	47.41 ± 10.79
	0.643

	Recipient gender (male/female, n)
	37/7
	75/15
	0.911

	Duration of diabetes, yr
	16.73 ± 6.2
	15.88 ± 5.9
	0.449

	Diabetes type (1/2)
	7/37
	18/72
	0.568

	BMI
	24.66 ± 3.68
	23.60 ± 3.18
	0.089

	Blood type, n
	
	
	

	A+/B+/AB+/O+
	10/10/4/20
	17/35/10/28
	0.169

	Duration of dialysis, months, median (IQR)
	12.00 (6.25, 36.00)
	10.00 (5.00, 20.75)
	0.037

	Pancreas ischemia time, minutes
	446.71 ± 104.11
	400.94 ± 89.79
	0.010

	HLA-A, -B, -DR mismatch
	
	
	

	0-3
	8 (18.18)
	19 (21.11)
	0.691

	4-6
	36 (81.82)
	71 (78.89)
	0.691

	Maintenance Immunosupression
	
	
	

	TAC
	40 (90.91)
	72 (80.00)
	0.109

	CsA
	4 (9.09)
	18 (20.00)
	0.109

	DIC indicators
	
	
	

	PT-INR
	1.50 ± 0.37
	1.55 ± 0.35
	0.463

	APTT, (s)
	60.15 ± 35.18
	56.35 ± 38.39
	0.582

	    TT, (s)
	60.07 ± 37.90
	66.34 ± 37.03
	0.362

	PLT, (109/L)
	106.41 ± 45.35
	108.94 ± 50.87
	0.780


SPKT: Simultaneous pancreas and kidney transplantation; SL: Suture ligation; NSL: No suture ligation; TAC: Tacrolimus; CsA: Cyclosporine A; MMF: Mycophenolate mofetil; SIR: Sirolimus; PT-INR: Prothrombin time-international normalized rate; APTT: Activated partial thromboplastin time; TT: Thrombin time, PLT: Platelets.

Table 2 Enteric anastomotic bleeding within 1 wk posttransplantation and anastomotic leakage, n (%)
	Characteristics
	SL group (n = 44)
	NSL group (n = 90)
	P value

	[bookmark: OLE_LINK41]EA bleeding
	1 (2.27)
	14 (15.56)
	0.021

	Transfusion rates due to EA bleeding
	1 (2.27)
	13 (14.44)
	0.035

	Relaparotomy due to EA bleeding
	0 (0.00)
	3 (3.33)
	0.551

	Anastomotic leakage
	1 (2.27)
	1 (1.11)
	0.754


EA: Enteric anastomotic; SL: Suture ligation; NSL: No suture ligation.
 

Table 3 Cases of relaparotomy due to enteric anastomotic bleeding in no suture ligation group
	Case
	Age
	Sex
	Transplant time 
	Bleeding start time1

	1
	47
	M
	October 2016
	5

	2
	29
	M
	October 2016
	7

	3
	40
	M
	October 2017
	6


1Days after operation. The reconstruction of the anastomosis was performed for these patients and no recurrence of bleeding occurred. M: Male.
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