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Background. Anterior resection with total mesorectal excision (TME) of ultralow rectal cancer may result in the in-
creased risk of the anastomotic leakage (AL). The aim of this study was to evaluate the usefulness of the gentamicin-
collagen sponge (GCS) for the protection against symptomatic AL and investigate association between AL and local 
relapse (LR). 
Patients and methods. A series of 158 patients with ultralow rectal cancer was studied. All the patients underwent 
R0 sphincter-saving TME with anastomosis wrapping using GCS. In none of the cases a temporary protective stoma 
was constructed. 
Results. AL rate was 3.2% (5/158) while median time to AL diagnosis was 5 days following surgery (range 3-15). There 
was no postoperative and leakage-related mortality. Patient age > 75 years and smoking were independent risk fac-
tors related to significantly increased AL rate: 12.5% vs. 0.8% (P = 0.0004) and 5.7% vs. 0% P = 0.043), respectively. LR 
was observed in 12% of cases. It was highly significantly more common and developed earlier in patients who have 
had AL when compared with non-AL group: 80% vs. 9% (P = 0.00001) and 8.5 vs. 17 months (P = 0.014), respectively. 
Conclusions. Anastomosis wrapping with GCS after anterior resection with TME is a safe procedure resulting in the 
low incidence of anastomotic leakage which may be also associated with decreased risk of local relapse.
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Introduction

Because of effective local control, total mesorectal 
excision (TME) is nowadays the mainstay of cura-
tive treatment in rectal cancer. However, sphinc-
ter-saving TME may result in the increased risk 
of the anastomotic leakage (AL) due to the short 
rectal remnant and local oxygen tissue deficiency 

in anastomosis associated with the reduced distal 
blood supply. Moreover, this technique produces 
the large splinted cavity within the pelvis, con-
ducive to the exudate retention and the forma-
tion of haematoma, which may become infected. 
Reported rates of AL following TME are up to even 
23%, being influenced by several patient-, tumour- 
and treatment related factors.1,2 As a result of even 
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minor leakage, local contamination at the perirec-
tal area may be the cause of extra-abdominal infec-
tion. The presence of AL is closely associated with 
the increased risk of pelvic abscess, peritonitis and 
septicemia, which commonly require additional 
intervention, prolong hospital stay, limit the cost-
effectiveness of treatment and may result in post-
operative death. It impairs late functional results 
and probably oncological outcomes.2

On the other hand, the recent emergence of tech-
nologies such as resorbable implants offers new 
possibilities to protect the anastomosis and reduce 
the consequences of leakage. Hence we reported 
the wrapping of anastomosis with the gentamicin-
collagen sponge (GCS) as a potential preventive 
manoeuvre against the AL – probably limiting the 
leakage intensity and reducing its clinical symp-
toms.3,4 It encouraged us to continue the study with 
more patients and longer follow-up in order to ob-
tain more reliable and objective results as well as 
for more robust statistics. 

The aim of this study was to evaluate the pos-
sible impact of GCS on the risk of clinically symp-
tomatic AL and investigate association between AL 
and local relapse. 

Patients and methods
Patients

A series of 158 patients with T1-T3  and N-/N+ 
ultra-low rectal cancer (below 8 cm from the anal 
verge) without distant metastases (M0) who un-
derwent anterior resection with curative intent at 
the Lower Silesian Oncology Centre – Regional 
Comprehensive Cancer Centre in the years 2006 - 
2012 was studied. None of them was in poor gen-
eral condition, had anaemia or was treated with 
steroids. Patients underwent pre-operative bowel 
preparation with 4 L polyethylene glycol solution 
1 day before surgery. All patients received prophy-
lactic systemic antibiotic therapy in a perioperative 
intravenous injection within 30 minutes of the skin 
incision (cefotaxime 1000 mg i.v. followed by a 
supplementary dose 12 h later; metronidazole 500 
mg i.v. followed by two more supplementary dos-
es every 8 h) and anticoagulant therapy with low 
molecular weight heparin. All the patients under-
went traditional open surgery through a midline 
laparotomy incision. All analysed patients fulfilled 
the following study inclusion criteria: the lack of 
intraoperative bowel perforation, total integrity of 
doughnuts after retrieval of the stapler and com-
plete integrity of the anastomosis examined by 
transanal air insufflation with the anastomosis im-
mersed in warm normal saline solution. 

Patients data, tumour-related factors and treat-
ment characteristics are shown in Table 1.  

Treatment

Sixty-five (41%) patients with T3 and / or N+ tu-
mours in MRI or endorectal ultrasound received 
preoperative five-day scheduled high-dose radia-
tion with a total dose of 25 Gy in a daily fractions 
of 5 Gy. Since in our institution the use of preop-
erative chemotherapy was limited to T4 tumours 
(combined with long-term radiation), it was not 
administered in the analysed group. The upper 
limit of all the pelvic fields was at the L5-S1 level 
and the lower one was 5 cm below the tumour. 
Radiotherapy was followed by surgery within 7 
days. All patients were operated on strictly accord-
ing to the TME with complete peri-rectal tissue re-
moval by sharp dissection of pelvic fascia under the 
direct vision between parietal and visceral surface 
to the levators. Inferior mesenteric vessels were 
ligated high at their origin. Splenic flexure of the 
colon was mobilized to relieve a tension. Minimum 
1 cm distal margin was achieved. Straight end-to-
end anastomosis with double-stapling technique 

TABLE 1. Baseline characteristics

Characteristics n (%)

Gender
     Female / Male 92 (58) / 66 (42)

Age (years)
     Mean ± SD / median / range 67.1 ± 9.8 / 68 / 34-85

Comorbidity
     Diabetes / Cardiovascular disease 13 (8) / 40 (25)

Smoking
     Yes / No 87 (55) / 71 (45)

Obesity
     Yes / No 31 (20) / 127 (80)

Preoperative radiotherapy
     Yes / No 65 (41) / 93 (59)

Operating time (minutes)
     Mean ± SD / median / range 118.9 ± 24.8 / 120 / 45-190

Level of anastomosis (cm)
     Mean ± SD / median / range 5.4 ± 1.1 / 5.0 / 3-7

Blood transfusion
     Yes / No 24 (15) / 134 (85)

Postoperative fever
     Yes / No 9 (6) / 149 (94)

T stage
     T1T2 / T3 95 (60) / 63 (40)

N status
     N- / N+ 91 (58) / 67 (42)
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was constructed. Although routine pelvic drainage 
in colorectal surgery has not been justified in ran-
domised controlled trials, it is routinely used in our 
institution after anterior resection because we be-
lieve it may act as an early detector of anastomotic 
leakage. Thus, a silastic pelvic drainage was placed 
in all of the analysed patients using a closed, gravi-
tational no-suction method.

 

GCS implantation

Technique of GCS implantation has already been 
presented by us in details elsewhere.5 Briefly, anas-
tomosis was wrapped with 10 x 10 x 0.5 cm sponge 
containing 130 mg of gentamicin sulfate and 280 
mg purified bovine tendon type I collagen which 
was applied deeply into pre-sacral area to the le-
vators level. GCS was formed and pressed to the 
bowel wall (Figure 1). Special effort was made for 
its adequate location and stability.5 During the all 
postoperative hospital stay a close patient exami-
nation was performed several times a day in order 
to identify any clinical symptoms suspicious of the 
leakage. AL was considered to be present if any of 
the following features were noticed: the presence 
of peritonitis caused by anastomotic dehiscence, 
the presence of feculent substances and gas from 
the pelvic drain or the presence of pelvic abscess 
with the demonstration of leakage by transrectal 
examination, endoscopy, contrast enema, endorec-
tal ultrasound or CT scanning.

Follow-up

During the postoperative follow-up physical exam-
ination (with digital rectal examination and CEA 
measuring) was scheduled every three months 
for the first two years, at 6-months intervals for 
the next three years, and once a year thereafter. 
Abdominal and pelvic imaging was performed 
every six months. Colonoscopy was performed af-
ter 1 year and then every three years. Any symp-
toms potentially related to LR were a subject of 
investigation with colonoscopy and CT or MRI. LR 
was defined as local cancer recurrence regardless 
of the presence or absence of distant metastases.

Statistical analysis

Data was collected in a prospective manner and 
then retrospectively analysed. In each case follow-
ing parameters were recorded: patient age, gender, 
comorbidity (diabetes and cardiovascular disease), 
obesity (body mass index > 30 kg/m2), smoking 

status, preoperative radiotherapy, level of anasto-
mosis from the anal verge (cm), blood transfusion, 
presence of postoperative fever (> 37.5 Celsius de-
grees), T stage and N status. The median and range 
values as well as the mean values with their stand-
ard deviations were calculated when appropriate. 
Incidence and rates of AL and LR were calculated. 
Correlation between categorical variables was as-
sessed using chi-square test with correction for 
continuity while between continuous variables 
using T-test. Multivariate analysis was performed 
with the use of multiple logistic regression. The 
statistical significance was assumed at p value < 
0.05. Statistical analysis was performed by a pro-
fessional statistician (PB) using R-software ver. 3.2 
(free environment for statistical computing and 
graphics).

The study was conducted in accordance with 
the Declaration of Helsinki and approved by the 
Institutional Review Board. This research was fi-
nanced through a statutory subsidy by the Minister 
of Science and Higher Education as a part of the re-
search grant ST.C280.17.010 (record number in the 
Simple System). 

Results

GCS was applied without any technical difficulties 
and was well tolerated. Neither sponge-related ad-
verse reaction nor drain blockage were noticed. AL 
developed in 5 patients giving the AL rate of 3.2% 

FIGURE 1. Anastomosis wrapping with GCS.
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(5/158). In all the cases it was associated with clini-
cal symptoms: peritonitis and pelvic abscess in one 
patient each, and gas or feculent discharge from 
pelvic drain in three patients. The median time to 
the diagnosis of AL was 5 days (range: 3-15) fol-
lowing surgery. Two patients (one with peritoni-
tis and one with abscess) underwent surgical re-
intervention: peritoneal lavage and defunctioning 
transversostomy. Three remaining patients had 
only minor AL without peritonitis and abscess and 
were effectively treated with pelvic lavage through 
the drain, total parenteral nutrition and antibiotic 
therapy. There was no leakage-related mortality. 
All resolution of AL was confirmed by endoscopy 
or contrast enema. 

Univariate analysis demonstrated that patient 
age > 75 years and smoking were significantly re-
lated to the increased AL rate: 12.5% vs. 0.8% (p 
= 0.0007) and 5.7% vs. 0 (p = 0.0401), respectively. 
Influence of patient gender, diabetes and cardio-

vascular disease, obesity, preoperative radiothera-
py, operating time, level of the anastomosis, blood 
transfusion, postoperative fever, T stage and N sta-
tus on AL rate did not reach statistical significance. 
In multivariate analysis patient age > 75 years was 
identified as the most important independent risk 
factor for clinical AL (p = 0.0004). However, the 
negative impact of smoking was also significant (p 
= 0.043). Results are presented in Table 2. 

Twenty-three patients were lost from follow-up. 
In the remaining 135 patients median follow-up 
(mean ± SD; range) was 61 months (64.8 ± 32.5; 16-
134). LR developed in 12% of patients (16/135). In 
12 cases was resectable, in 5 patients with curative 
intent. Median interval (mean ± SD; range) to LR 
was 14 months (15.9 ± 6.3; 7-28). 25% of patients 
(4/16) with LR had AL after TME while just 0.8% in 
non-recurrent group (1/119). 88% of LR (14/16) de-
veloped in 24 months. LR was observed in 80% of 
patients with postoperative AL (4/5) while only 9% 
of patients without AL (12/130); the difference was 
highly significant (p = 0.00001). Time to LR was 
significantly shorter in AL group when compared 
with patients without leakage; median (mean ± SD; 
range): 8.5 (9.1 ± 2.1; 7-12) vs. 17 (18.9 ± 6.1; 10-28) 
months (p = 0.014).

Discussion

Due to high risk of long duration of procedure, 
bacteria migration, toxin translocation, possibility 
of contamination and the presence of malignancy, 
effective antibiotics in colorectal cancer surgery 
are needed for the prophylaxis and treatment. 
Gentamicin is the one of the most often used anti-
microbial agents. However, recent studies clearly 
show that systemic administration of gentamicin 
results in only borderline effectiveness and does 
not achieve levels above minimum inhibitory con-
centration in serum, subcutaneous tissue, epiploic 
fat and bowel wall.6 In addition, although blood 
transfusions are not often required in modern colo-
rectal surgery (as observed in our series), intrave-
nously administered fluids can strongly decrease 
gentamicin concentrations. Local application of 
gentamicin provides sufficient drug dosage that 
can reduce the incidence of infections, lowers the 
risk of antibiotic resistance by reducing the need 
for long-term systemic therapy and carries a low 
risk of toxicity.7 Collagen seems to be one of the 
most favourable matrix for controlled local drug 
delivery because of its bio-compatibility and well-
established safety profile.8 Its usage as a carrier has 

TABLE 2. Uni – and multivariate analysis of anastomotic leakage incidence 

Variables
Patients with 

leakage
n (%)

Univariate 
analysis
P - value

Multivariate 
analysis
P - value

Gender
     Female
     Male

2 (2.2)
3 (4.5) 0.4010 -

Age
     ≥ 75
     < 75 years

4 (12.5)
1 (0.8) 0.0007 0.0004

Diabetes
     Yes
     No

1 (7.7)
4 (2.8) 0.3303 -

Cardiovascular disease
     Yes
     No

1 (2.5)
4 (3.4) 0.7811 -

Smoking
     Yes
     No

5 (5.7)
0 (0) 0.0401 0.043

Obesity
     Yes
     No

2 (6.5)
3 (2.4) 0.2435 -

Preoperative radiotherapy
     yes
     no

3 (4.6)
2 (2.2) 0.4053 -

Level of anastomosis
     > 5 
≤ 5 cm

1 (1.5)
4 (4.3) 0.3289 -

Blood transfusion
     yes
     no

1 (4.2)
4 (3.0) 0.7607 -

Postoperative fever
     yes
     no

0 (0)
5 (3.4) 0.5765 -

T stage
     T1T2
     T3

3 (3.1)
2 (3.2) 0.9953 -

N status
     N-
     N+

3 (3.3)
2 (3.0) 0.9119 -
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positive effect on wound healing and eliminates 
the need of re-operation because the implant is ful-
ly resorbable. Collagen causes faster coagulation to 
stop bleeding and reduces the risk of hematoma or 
seroma formation that can in turn accelerate bac-
terial proliferation. The breakdown of the GCS by 
macrophage collagenases increases the number of 
collagen fibres released, which attracts fibroblasts 
and stimulates the fibroblasts to proliferate and lay 
down new collagen in the healing process.9 Drugs 
are released from a collagen matrix by a combina-
tion of diffusion and natural enzymatic breakdown 
of the collagen matrix, which provides rapid (dif-
fusion) and prolonged (breakdown of the matrix) 
drug release.10 Moreover, immune response against 
collagen implants are uncommon.11,12 Hence, GCS 
is used to improve wound healing and for prophy-
laxis of infections following surgery, including 
gastrointestinal operations.3 

Features affecting AL rates in our series are not 
surprising. Older age is mentioned among the 
most frequent factors.1 Negative impact of smok-
ing is also well documented. It increases a risk of 
AL mainly by affecting small vessels and causing 
tissue hypoxia, which compromises the healing of 
anastomosis.2 The other factors, including preop-
erative radiotherapy and anastomosis level did not 
reach statistical significance in our series. The use 
of covering stoma remains controversial and more 
individual approach is needed. However, our find-
ings suggest that it still can be worth considering 
in well-selected high-risk cases, such as older and 
smoking patients. 

Interestingly, the incidence of AL among the pa-
tients in our group seems to be relatively low when 
compared to the 10 - 13.7% incidence reported by 
others.14-18 Only few papers concerning the use of 
GCS in colorectal surgery have been published as 
yet. In the recent multi-centre randomized trial 
enrolling 602 patients, Bennett-Guerrero and co-
workers from a SWIPE 2 trial group found GCS 
not effective at preventing surgical-site infection, 
either superficial or deep: 20.3% vs. 13.6% (p = 
0.03) and 8.3% vs. 6.0% (p = 0.26), respectively.19 On 
the other hand, there is a growing body of data, 
including findings from randomized studies that 
support the use of GCS following high-risk colo-
rectal procedures in order to reduce post-operative 
morbidity rate, wound healing time and length of 
hospital stay. Rutten and Nijhuis observed that the 
application of systemic antibiotics plus GCS vs. 
systemic antibiotics alone significantly decreased 
the incidence of abdominal wound infections (5.6% 
vs. 18.4%; p = 0.01) as well as the median hospital 

stay (13.8 vs. 16.3 days; p = 0.015).20 Nowacki et al. 
reported a lower post-operative complications rate 
at 30 days (20.7% vs. 37.5%; p < 0.05). Sub-group 
analysis also revealed that the difference was main-
tained in high-risk patients, i.e. those with surgery 
exceeded 3 hours and those who experienced intra-
operative bowel perforation: 19.2% vs. 40.8% (p = 
0.03) and 20.0% vs. 57.9% (p = 0.01), respectively.21 
Multicenter trial by Gruessner and colleagues 
demonstrated significantly decreased rate of per-
ineal wound infections and secondary complica-
tions with infection after abdomino-perineal exci-
sion if GCS was used: 6.1% vs. 20.8% and 6% vs. 
21%, respectively. In addition, patients with GCS 
had a much greater reduction in the number of 
pathogens in the post-operatively obtained wound 
secretion samples (p = 0.013).22 De Bruin et al.. stud-
ied the effect of GCS on postoperative outcome in 
patients undergoing abdomino-perineal excision 
following short-term neoadjuvant radiotherapy (5 
Gy x 5 days to a total dose 25 Gy). They demon-
strated lower rates of total and deep wound infec-
tion rates as well as higher rates of primary wound 
healing when GCS was applied: 16% vs. 57% (p = 
0.01), 5% vs. 29% (p = 0.05), and 84% vs. 43% (p = 
0.01), respectively. The patients with GCS also had 
significantly shorter mean hospital stay, i.e. 15 vs. 
25 days.23 

Discrepancies in AL rates among the series of 
patients following anterior resection with TME and 
GCS implantation may be caused by many reasons. 
Firstly, a distribution of AL risk factors could sub-
stantially differ. Secondly, the site of GCS implan-
tation is not standardized: wound, upon the closed 
fascia or pelvic cavity, around the anastomosis (as 
in the present study).19, 20, 21 The other possible rea-
son may be the different definition of clinical AL.24 
However, still little is known about the impact of 
GCS on anastomosis healing. Although some stud-
ies suggest positive effect of local gentamicin on col-
lagen content and metabolism, there are conflicting 
data regarding this subject. Quicker mucosal, mus-
cular and extra-cellular matrix repair was noticed 
in experimental study by Mutter and colleagues.25 

Binnebosel et al. reported that intra-abdominal ap-
plication of gentamicin can enhance the healing of 
anastomosis and increase the collagen type I/III in 
rats.26 On the other hand, Vaneerdeweg et al. did 
not observe any significant influence of GCS on 
symptomatic AL rate in animal models.27 This topic 
warrants further investigation.

A meta-analysis of the recent studies demon-
strates that the cumulative risk of local recurrence 
following curative R0 anterior resection with TME 
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varies from 1% to 13.5%. The risk mainly depends 
on the tumour stage, histological differentiation, 
nodal status, and the circumferential resection 
margin.28 We observed much higher incidence of 
LR in AL group. However, number of patients with 
AL was too small to obtain a robust statistics and 
draw a significant conclusion. Possible association 
between AL and colorectal cancer recurrence is a 
subject of intensive research. Sammour et al. did 
not notice a significant difference in LR as well as 
5-year overall and cancer-specific survival with re-
gard to AL after rectal cancer resection.29 In con-
trast, a negative impact of AL on LR and overall 
survival was reported by others.30 Mirnezami et al. 
reviewed 21 studies (21,902 patients) and found 
that LR as well as cancer specific mortality was sig-
nificantly higher after AL.31 Similar findings were 
reported by Lu et al.32  In the meta-analysis of 14 
studies (11,353 patients) made by Wang and col-
leagues AL was significantly related to increased 
LR rates and decreased both overall and cancer-
specific survival.33 Postulated mechanism of LR 
after AL is associated with the fact that leakage 
may lead to the penetration and implantation of 
extraluminal tissue by previously exfoliated rectal 
cancer cells which still may be present in the lu-
men of the bowel despite routine rectal wash out. 
In addition, AL causes pelvic infection, which may 
enhance proliferation, migration and invasion ca-
pacities of cancer cells.33   

Our study has some important limitations. 
Firstly, a severe weakness of this paper is an incom-
plete investigation of oncological outcomes. Only 
local recurrence analysis was completed. Survival 
analysis was not performed and, as a consequence, 
neither 5-year overall survival nor disease-free sur-
vival rates were demonstrated. Secondly, due to 
low AL rate some findings are based on the com-
parison of small groups. Even if the results are 
significant, their statistical power is low and con-
clusive statement cannot be drawn. Thirdly, this is 
just an observational study and a single-institution 
case series. Consequently, one cannot be certain 
that our results will be repeatable in another set-
ting. Moreover, during the study period, GCS 
wrapping of an anastomosis in patients that have 
undergone restoration of bowel continuity after 
ultra-low rectal cancer resection was considered 
standard management and in accordance with the 
department policy. Therefore, it is not possible to 
compare these results to a control group operated 
on in the same time period without the use of GCS. 
We previously observed an anastomosis failure in 
10.6%-12.6% of patients after sphincter-preserv-

ing TME.3,4 Present results look favourable when 
compared to this historical cohort operated on by 
the same surgical team at the same institution. 
However, comparisons to historical series have no 
statistical power and no significant conclusion can 
be drawn. Ultimately, we will never be certain if 
these superior results are a consequence of the us-
age of GCS or whether they can be attributed to the 
impact of surgical technique or patient selection.    

Our findings suggest that low rate of sympto-
matic AL might be at least partially influenced by 
GCS application following TME. GCS can reduce 
tissue exudation and fluids accumulation at the 
pelvis cavity and has a local anti-bacterial and hae-
mostatic activity. Hence, it is possible that GCS can 
secure the anastomosis area. On the other hand, 
potential benefit from GCS may also be associated 
with the ability to diminish dehiscence range and 
its severe consequences, limit pelvic abscess forma-
tion, peritonitis and septicemia without the impact 
on sub-clinical failure. That may be the possible 
reason of favourable clinical course of the leakage 
occurred in analysed group. 

   Based on our previous studies and recent 
findings the wrapping of an anastomosis with 
GCS remains the standard management after low 
anterior rectal cancer resection in our institution. 
Keeping the risk of AL at the lowest possible lev-
el improves local cancer control and the patient’s 
quality of life.31-33 However, there are still some in-
teresting points waiting to be explored. Nowacki 
et al. observed in a randomised trial a significantly 
reduced rate of distant metastases in patients with 
GCS after TME with preoperative radiotherapy 
compared to a control group without GCS.21 These 
surprising findings were also demonstrated in a 
confirmatory study from the same institution with 
the median follow-up of 80 months.36 These results 
are difficult to explain, in particular, the fact that 
there were no significant differences in overall and 
disease-free survival rates. Apart from the assess-
ment of oncological outcomes, a detailed cost-ef-
fectiveness analysis as well as a long-term evalu-
ation of conceivable late side effects (anastomosis 
stricture, persistent anterior resection syndrome) 
are other interesting topics worth to be explored in 
the future.37-40 
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