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Abstract: Background: Fibrin-based biological adhesives are used for tissue adhesion improving the outcome of
gastrointestinal sutures. The objective was to assess the effectiveness of fibrin-based biological adhesives for prevention of
anastomotic leakage in high-risk gastrointestinal anastomoses. Methods: A randomized clinical trial was designed to recruit
patients underwent a rectal resection surgery. A subgroup of patients with rectal anastomosis were recruited from 2 different
hospital centres. Patients in which a biological fibrin-based biological adhesive was applied to the suture line (study group) were
compared versus a control group under standard practice. The main outcome measures was presence or absence of leakage and
need for reoperation. Results: Thirty seven patients underwent a rectal resection and anastomosis. In 21 standard practice was
applied and a fibrin-based adhesive was used in 16. Fourteen patients (37.8%) had a clinical or subclinical anastomotic leak, 11
belonging to control group versus 3 patients in the study group (p-value of 0.04). Statistically significant difference (p-value of
0.048) in the need for reoperation. We found no association between the use of drains and anastomotic leakage. There were only
3 leaks in the group in which a drain was placed, as compared to 11 leaks in the group in which no drain was placed, but these
findings were probably due to chance (p = 0.54). Conclusions: The use of these adhesives could not only reduce serious
postoperative complications related to dehiscence but also improve the prognosis and oncological outcome of rectal and sigmoid
cancer treatment.
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while other publications stress the need to perform a
protective ileostomy in certain cases [6]. Furthermore, others
report the association of anastomotic leakage with the number
of endostapler cartridges used for rectal resection [7].
However, despite the great advances achieved in colorectal
surgery and also in the oncological outcomes of rectal cancer
treatment, we still have advanced little in improving the
healing of rectal sutures that would allow for significant
reductions in the leakage rate. This would not only allow for
improved postoperative outcomes but also for avoiding cancer
treatment delay for these patients and even reducing primary

1. Introduction

One of the greatest challenges that colorectal surgeons face
in their daily clinical practice is the high rate of rectal
anastomosis leakage with its devastating effects. A great
number of procedures have been described to try to decrease
the leakage rate and the mortality and morbidity associated
with this serious complication [1-4]. Several published
research works describe the well-known influence of the
surgeon’s experience on the outcomes of rectal surgery [5],
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tumour recurrence rate as a direct result of dehiscence, as
evidenced by many recent publications [8, 9].

We have made advances in overall patient care; however,
we have focused on the mechanical reinforcement of our
sutures to try to reduce the risk of poor healing. Unfortunately,
we have made little progress in this direction. Increasing
mechanical reinforcements with manual sutures or staplers
and cutting devices and increasing the number of suture planes
or staple rows have only slightly decreased the number of
anastomotic dehiscence cases [10,11].

Fibrin-based biological adhesives, which are substances
classified as drugs in their Summary of Product
Characteristics, are used for tissue adhesion. These adhesives
have been used for decades to seal different tissues in an
attempt to decrease lymphorrhagia or serous effusions [12].
They have also been used, as indicated in their Summary of
Product Characteristics, as sealants to stop bleeding or to
prevent bile leak in liver resections [13], and they have even
been used to fix the mesh in hernia repair [14,15] and to
prevent bowel adhesion to the edges in laparoscopic repair
[16].

Conversely, there are reports that point to a mechanism
closer to drug action than to a purely mechanical one. In this
sense, these adhesives might cause healing induction apart
from the purely mechanical direct tissue adhesion [17,18].
Literature references on this theoretical mechanism of action
have raised the possibility that fibrin-based biological
adhesives might promote healing and improve the outcome of
gastrointestinal sutures [19-21].

With this background, we designed a clinical trial to
demonstrate the effectiveness of using fibrin-based biological
adhesives in the prevention of anastomotic leakage in
high-risk gastrointestinal anastomoses. The present research
work evaluates patient results in a subgroup with rectal
anastomosis.

2. Materials and Methods
2.1. Protocol

All patients scheduled for an elective or urgent surgery
procedure, in which a high-risk anastomosis would be
considered, were recruited for inclusion in the study. The
following were considered high-risk gastrointestinal
anastomoses: rectal anastomosis, gastrojejunal anastomosis in
bariatric surgery, oesophageal anastomoses in the absence of
gastrointestinal repair, and anastomoses of an obstructed
intestinal segment at the time of surgery.

Patients were recruited from 3 hospitals in Madrid, as
follows: University General Hospital "Gregorio Marafién",
Southeast Hospital, and San Carlos University Hospital.
Patients who met the inclusion criteria and did not meet any
exclusion criteria were included for analysis using the
"intention-to-treat" principle.

Patients with rectal anastomosis were recruited from 2 of
the 3 centres included in the clinical trial, as follows:
University General Hospital "Gregorio Maraion" and

Southeast Hospital. The protocol was approved by the Areal
Committee of Ethics and Clinical Research of Madrid and the
Spanish Agency of Medicines with protocol code
PROTISSUCOLO001, registration number 25/06, and EudraCT
registration number 2007-003006-98, and it has also been
registered at www.clinicaltrials.gov with registration number
NCTO01306851. The study was performed in accordance with
the ethical standards laid down in the Declaration of Helsinki.

Once the informed consent form was signed, if the patient
met the inclusion criteria and did not meet any criteria for
preoperative exclusion, the patient was included in the study,
and randomisation was performed using a table of random
numbers generated in Excel® for Windows for the entire study,
assigning patients to one of two groups, as follows: standard
treatment group (control group) or standard treatment group,
in which a biological fibrin-based biological adhesive was
applied to the suture line (study group).

2.2. Surgical Technique

The subgroup of patients evaluated in these preliminary
results underwent a rectal resection surgery due to rectal or
sigmoid colon cancer, the treatment of which required a partial
resection of the rectum. Most resections included a rectal
anastomosis not lower than the middle third of the rectum,
which in each case was performed by a circular mechanical
anastomosis of 29 or 32 mm. In 12 cases, a protective
ileostomy was performed. In all patients, the tightness of the
anastomosis was confirmed with air and serum. In the study
group, once the rectal mechanical anastomosis was performed,
a fibrin-based biological adhesive was applied on the outside
of the entire circumference (5 ml; Tissucol duo® Baxter
headquartered in Vienna, Austria) (Figure 1). Some patients
required drainage, according to the surgeon's criteria. The
surgeons who took part in the study were selected based on
maintaining uniform criteria and a standard homogeneous
surgical technique.

[

Figure 1. Tissucol application in colorectal anastomosis.
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2.3. Postoperative Management

All patients underwent an imaging test, in case of possible
anastomosis leakage, to confirm the diagnosis, except for
those patients who had to be reoperated due to a clinical
diagnosis. In case of a suspected leakage, a contrast computed
tomography (CT) scan was used as a diagnostic imaging test.
In the remaining patients who were not suspected of leaking, a
barium enema with water-soluble contrast was performed on
the seventh postoperative day to diagnose all subclinical leaks,
which were interpreted in all cases as anastomotic leakage,
even in patients without symptoms or suspected dehiscence.

2.4. Definitions

We defined an anastomotic leakage or impaired healing of
the suture, in general, by the following: a) the CT scan and
barium enema radiology report of anastomotic dehiscence, in
the context of an imaging test examined by an expert
radiologist not involved in the clinical trial and not knowing
the group to which the patient was assigned; b) a reoperation
in which leakage is present; c) the presence of faccal material
in the drainage fluid; or d) a combination of several of these
findings.

2.5. Control of Variables

The following data were collected at the time of patient
enrolment and prior to randomisation: all demographic data;
pathological variables; comorbidity; preoperative risk factors;
control analytical data; surgical technique; intraoperative
incidents, both when performing the anastomosis and when
using fibrin-based biological adhesive; use or not of drains;
postoperative course; postoperative control analytical data;
postoperative imaging control; the need for reoperation and its
findings; and clinical evidence of progression until patient
discharge. Readmissions and late leaks were also collected.

2.6. Statistical Analysis

Statistical analyses were performed with the PASW®
Statistics 18.0 (Predictive Analytics Software) statistical
package. For all analyses, an alpha value (o) of 0.05 has been
considered significant, i.e., the p-value of the statistical test
should be equal to or less than 0.05 to consider a significant
difference.

A descriptive analysis of the sociodemographic, clinical,
and informational variables regarding the management of the
fibrin-based biological adhesive was performed. For the
categorical or qualitative variables that were considered
possible risk factors for patients, percentages and frequency
distributions were calculated. For quantitative variables, such
as age, the mean, standard deviation, and minimum and
maximum deviations were calculated. Alternatively, a
comparison of means has been performed to verify that there
were no previous significant differences between groups
(study group and control group).

Subsequently, a comprehensive statistical analysis of
patients who had anastomotic leakage was performed by

analysing their demographics and whether or not a
fibrin-based biological adhesive was applied to them. In
bivariate analyses, the variables considered fundamental
(leaks/use-no use of adhesive) were crossed. In addition, the
Pearson’s X2 statistic was calculated to test the hypothesis of
independence between these variables.

2.7. Primary "Endpoint" of the Study

The primary "endpoint" of the study was to demonstrate the
presence or absence of leakage at 6 months.

3. Results

From March 2007 until November 2010, a total of 106
patients who met the inclusion criteria were recruited in the 3
General Surgery departments of the participating hospitals for
the clinical trial. Patients who met these criteria and signed the
informed consent form were randomised preoperatively to be
assigned to the study group or the control group. Of these 106
patients, 2 were excluded for presenting peritoneal
carcinomatosis, one of the intraoperative exclusion criteria, at
the time of the intervention.

Of the 104 patients evaluated, 37 patients underwent a
rectal resection and anastomosis, which was performed in the
middle or upper rectum in 25 patients. All patients underwent
a rectal resection for malignancy, with a primary anastomosis
performed on all of them. All 12 patients who underwent a
lower rectal anastomosis had a protective ileostomy
performed.

The mean age was 64 years (std. deviation: 16, median: 69)
with a homogeneous distribution by sex. Comorbid risk
factors were the most commonly associated variable with a
poor healing of the anastomosis. Fifty percent (50%) of
patients had cardiovascular history, which was most
frequently arterial hypertension. Additionally, 21.6% of
patients had diabetes mellitus.

Both study groups (patients who were assigned post
randomisation to the study group or control group) were
comparable in sociodemographic data, disease to be treated,
type of intervention, and comorbidity. Both groups were
comparable in terms of type of surgery, resection technique,
type of anastomosis, intervention indication, surgical
equipment, preoperative analytical data, and nutritional
parameters.

The postoperative results that were compared between the
two groups are listed in Table 1. As seen in the table, 16
patients who underwent a rectal resection belong to the study
group, while 21 patients belong to the control group, this
difference was no statistically significant. Operations were
performed laparoscopically in 27 patients and by open surgery
in 10 patients, with no significant differences in the
distribution between the two groups.

Fourteen of the 37 patients (37.8%) had a clinical or
subclinical anastomotic leak that was detected in those cases
by a barium enema performed on the seventh postoperative
day according to the protocol. As can be seen in Table 2, the
leak rate was much higher in the control group (52.4%)
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compared to the study group (18.7%) in which the
fibrin-based biological adhesive was used, with 11 patients in
the control group (no adhesive) having an anastomotic leakage
versus 3 patients in the study group (adhesive). This difference
is statistically significant, with a p-value of 0.04.

Conversely, it is obvious that a p-value of 0.048 also
indicates a statistically significant difference in the need for
reoperation between the application or not of a fibrin-based
biological adhesive. Of the 16 patients to whom a fibrin-based
biological adhesive was applied, only 2 patients (12.5%)
required a reoperation. Of the 21 patients to whom the
adhesive was not applied, 9 underwent a reoperation for
complications related to the anastomosis (42.9%),(Table 3).

Another objective of the secondary assessment was the use
of abdominal drains. The conclusions after the results were

studied are limited, as this was not a controlled "endpoint" of
the study, and their use was left to the surgeon's criteria. In the
general data of our study, the use of drains was a protective
factor for an anastomotic leak, having found significant
differences. However, when analysing the subgroup of rectal
anastomosis, we found no association between the use of
drains and anastomotic leakage. There were only 3 leaks in the
group in which a drain was placed, as compared to 11 leaks in
the group in which no drain was placed, but these findings
were probably due to chance (p = 0.54) (Table 4).

Finally, when analysing mortality (Table 5), we found no
significant differences between both groups. Five patients
died of complications related to the suture, with 1 in the study
group and 4 in the control group (p = 0.27).

Table 1. Surgical times and postoperative stays.

S X Patients Patients Total = X Non-

5 otal
ost-Operative Tissucol use (n=16) No Tissucol use (n=21) arametric parametric
Results P-value

Mean 95 % CI Mean 95 % CI Mean 95 % CI P-value

Surgical time 259.06  217.54  300.58 233.10 195.12 271.07 24432 21731 27134 034 043
Days in the ICU* 0.13 0 0.39 0.10 0 0.23 0.11 0 0.24 0.84 0.77
Total days of 1041 736 1344 714 454 9.74 8.55 6.60 1051 0.09 0.03

post-operative stay

“Time spent in the ICU in the post-operative period (stays after reoperations are not considered)

Table 2. Leaks.

Tissucol use No Tissucol use Total
Leaks (n=16) (n=21) (0=37) P-value
Value (%) Value (%) Value (%)
Yes 3(18.7) 11 (52.4) 14 (37.8) 0.04
No 13 (81.3) 10 (47.6) 23 (62.2) ’
Table 3. Reinterventions.
Tissucol use No Tissucol use Total
Reoperations  (n=16) (n=21) (n=37) P-value
Value (%) Value (%) Value (%)
Yes 2 (12.5) 9 (42.9) 11 (70.3) 0.048
No 14 (87.5) 12 (57.1) 26 (29.7) ’
Table 4. Leaks and drainage.

Drain placement No drain Total
Leaks (n=9) placement (n=28) (n=37) P-value

Value (%) Value (%) Value (%)
Yes 3(33.3) 11 (39.3) 14 (37.8) 0oy
No 6 (66.7) 17 (60.7) 23 (62.2) ’

Table 5. Mortality.

Tissucol use No Tissucol use Total
Death (n=16) (n=21) (n=37) P-value

Value (%) Value (%) Value (%)
Yes 1(6.3) 4 (19.0) 5(13.5) 027
No 15 (93.8) 17 (81.0) 32 (86.5) ’

4. Discussion

The patients in the subgroup of rectal anastomosis in the
clinical trial (PROTISSUCOLO001) presented with a large
number of leaks from the anastomosis. The sample size was
250 patients to achieve significant data, which was originally
calculated for a rate of clinical and subclinical leaks higher
than 10%. However, in our study, we have achieved
significant differences with 104 patients analysed and with 37
patients specifically for rectal anastomosis.

There are references in the literature that have made us
think that fibrin-based biological adhesives could act to
prevent anastomotic leakage [19-21]. It is clear, based on the
high number of reports available [22,23], that these drugs
prevent anastomosis leakage in experimental animals. It has
also been demonstrated that they have no influence on the
result of an anastomosis of the gastrointestinal tract with the
pancreas [24,25].

Alternatively, there are a few studies that demonstrate or
suggest that fibrin-based biological adhesives could have a
positive influence on the healing of rectal anastomoses.
Particularly, only the clinical trial conducted by Silecchia et al.
on gastrojejunal anastomosis has shown a protective effect on
gastrointestinal anastomoses [19,20]. Similarly, other clinical
trials, without reaching significance, have suggested that
biological adhesives may have a protective effect on risk
anastomoses [21].

Based on all these literature references, our study aimed to
show that fibrin-based biological adhesives have a protective
effect on anastomotic dehiscence. Our clinical trial showed
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early that these adhesives reduce the risk of healing defects in
rectal anastomosis in patients undergoing sigmoid or rectal
cancer operations, with leak rates significantly different
between the two study groups (52.4% in the control group
versus 18.7% in the study group, p = 0.04).

The present study also demonstrates that the number of
reoperations decreases significantly (p = 0.048) as a result of
this reduction in healing defects, without having an influence
on mortality. The long-term consequences caused by the
excessive number of septic complications of anastomotic
origin on the oncological outcome in the control group and
their long-term influence on mortality will still need to be
analysed.

The beginning and end of the clinical trial coincided with the
learning curve of laparoscopy in the departments involved. This
circumstance, which was linked to the increased diagnosis of
the number of leaks by systematically conducting a control test
with contrast, has led to a high rate of diagnoses of rectal
anastomosis dehiscence. Although it is certainly a transient and
undesirable situation, these learning curves have led to high
patient morbidity. In our case, the increase in leakage rate
during this period has allowed us to increase the number of
adverse effects, leading to significant differences at an early
stage. Otherwise, it would have been necessary to achieve the
initially calculated sample size of 250 patients at a minimum.

Certain authors have postulated that these adhesives can act
more as healing agents than as adhesive agents [26]. It is
challenging to think that these substances, which are
registered as drugs in their Summary of Product
Characteristics, may lower the number of leaks in rectal
anastomosis to less than half by a simple mechanical action. In
this sense, it has never been demonstrated that the increased
number of suture lines would reduce the risk of leakage [27].
However, there are reports already showing experimentally
and clinically that the presence of growth factors or stem cells
in certain media promotes the healing of certain tissues [28].
Therefore, we postulate, although it cannot be demonstrated
by our study, that fibrin-based biological adhesives may act as
a drug that induces tissue healing by reproducing the essential
first step for the process to take place, i.e., the creation of a
stable fibrin network by means of which migration and
proliferation of fibroblasts is favoured by the presence of
growth factors.

There is great controversy about the use or non-use of
drains. In the overall results of our study, the use of drainage
was an independent protective factor of the study groups for
dehiscence. This protective factor was not demonstrated in
only the subgroup of rectal anastomosis because, although the
percentage trend might suggest it, the p-value indicates a high
association with chance (Table 4). Conversely, it is important
to remember that this was not a primary objective of the study
and, therefore, was not a controlled factor. Adding to the
controversy over these findings, recent reports point to the
possibility that drains could favour anastomotic leakage
[29,30]. Nevertheless, more controlled studies will be needed,
whose primary objective would be to prove, or disprove this
concept.

Fibrin-based biological adhesives are drugs that have been
shown in our study to decrease the risk of leakage in rectal
anastomosis to less than half. In addition, they have also
decreased significantly the need for reoperation. These
findings are sufficient to recommend their use systematically
in rectal anastomosis. Further studies are needed to
demonstrate the mechanism of action of these drugs by
combining adhesives with a given concentration of growth
factors or stem cells to further improve the results. If this trend
continues through the end of the study, the use of these
adhesives could not only reduce serious postoperative
complications related to dehiscence in these patients but also
improve the prognosis and oncological outcome of rectal and
sigmoid cancer treatment.
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