
Abstract. Background/Aim: Anastomotic leakage is a
feared complication in colorectal surgery. Postoperative
peritoneal adhesions can also cause life-threatening
conditions. Nanofibrous materials showed their pro-healing
properties in various studies. The aim of the study was to
evaluate the impact of double-layered nanofibrous materials
on anastomotic healing and peritoneal adhesions formation.
Materials and Methods: Two versions of double-layered
materials from polycaprolactone and polyvinyl alcohol were
applied on defective anastomosis on the small intestine of
healthy pigs. The control group remained with uncovered
defect. Tissue specimens were subjected to histological
analysis and adhesion scoring after 3 weeks of observation.
Results: The wound healing was inferior in the experimental
groups, however, no anastomotic leakage was observed and
the applied material always kept covering the defect. The
extent of adhesions was larger in the experimental groups.

Conclusion: Nanofibrous materials may prevent anastomotic
leakage but delay healing. 

Anastomotic leakage (AL) is a result of partial or total
dehiscence of an anastomosis on the gastrointestinal (GI)
tract. It is a feared complication especially in colorectal
surgery that usually appears in the early postoperative period
(1-4). The reported rates of AL in colorectal surgery in
general are between 6 and 7% (5-7). In rectal cancer surgery
in particular, the rate reaches up to 11% or even higher
according to some studies (8-10). The numbers differ as the
definitions of leakage are variable (11).

There are three clinical grades of AL following anterior
resection of the rectum according to the system proposed by
the International Study Group of Rectal Cancer (12, 13).
Grade A presents with no symptoms, no laboratory
deviations and is detectable only by radiologic evaluation as
a contained leak. No intervention is needed. Grade B
manifests with discomfort of the patient, possible purulent
drain secretion and laboratory changes. Grade B ALs can be
approached by application of antibiotics or drainage in some
cases; reoperation is not required. A grade C AL results in
peritonitis. It is a life-threatening condition and requires
reoperation. Grade B and especially grade C ALs are
associated with generally higher morbidity and mortality,
worse clinical outcome, prolonged stay in hospital, higher
risk of stoma and higher treatment costs (14). Higher local
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malignancy recurrence has been observed in several studies
after AL alongside shorter overall survival of the patients
suffering from AL (15-17). AL is therefore to be considered
as an enormous socio-economic burden in colorectal surgery.

Only little is known about anastomotic healing and the
processes involved in anastomotic failure. A thorough
description of the results of the healing process should
therefore be implemented in any experimental work focusing
on the anastomotic healing. A standard histological evaluation
comprises (i) intestinal wall morphology assessment by
comprehensive staining, (ii) re-epithelization assessment, and
(iii) stereological evaluation of volume fractions of collagen,
endothelial cells and inflammatory cells (18). To the best of
our knowledge, there are currently no complex histological
scoring systems for evaluation of the integrity of intestinal
wall focusing on each intestinal wall layer separately.

Many studies have been conducted to identify the risk factors
associated with the occurrence of AL in colorectal surgery.
Patient-specific factors, perioperative care, surgical treatment
and technique were analyzed. It is clear from these studies that
the occurrence of AL is determined by many factors. Some
studies list the experience of the performing surgeon among
these factors. This observation may suggest that a technical fault
can be involved in the development of AL (19-21). 

Another adverse effect of intra-abdominal surgical
procedures is the formation of peritoneal adhesions (PAs).
PAs can develop in various amounts and in different forms
ranging from thin fragile connections to thick vascular bonds
(22, 23). PAs can often cause abdominal discomfort or even
more serious complications including ileus. Besides that,
subsequent surgical procedures are more technically
challenging due to PAs. No routine use of currently sold anti-
adhesives is recommended because of lack of clinical data
(23). One of the conditions for the formation of peritoneal
adhesions is the contact of the two peritoneal surfaces.
Hydrophobicity is suspected to belong among the factors
determining the pro- or anti-adhesive properties of surgical
materials.

Over the recent decades, various materials have been
tested both for reinforcement of intestinal anastomoses and
for prevention of the formation of peritoneal postoperative
adhesions. Experimental studies on new supporting materials
and techniques in general often show positive results of
reinforcing materials in animal models according to a
systematic review conducted by Yauw et al. (24). The quality
of such studies is however highly variable, as are also their
experimental settings including species, location of
anastomosis, perioperative treatment and, most importantly,
methodology of the assessment of the healing quality (24).
Furthermore, none of the reinforcing materials is currently
recommended for use in colorectal surgery (25).

Nanofibrous and microfibrous materials are nonwoven
fabrics created from various polymer solutions. They have

been proved to have a positive influence in experimental
studies of wound healing (26). However, their impact on
anastomotic healing, formation of peritoneal adhesions and
on the risk of AL has not been studied thoroughly yet. To the
best of our knowledge, the only study focusing on
nanofibrous patches has been performed by our research
group (27). In this study, the material consisting of
polycaprolactone appeared safe and easy to use with no
negative clinical and histological effects in an experimental
porcine model of anastomosis on the small intestine.
However, in the experimental settings with no complications,
the possible positive effect of the material on the risk of AL
development was not distinguishable. To address this
shortcoming, the experimental design was modified for the
current study by including a standardized defect in all of the
performed anastomoses. A new nanofibrous patch from
polyvinyl alcohol (PVA) and polycaprolactone (PCL) was
developed by our team and tested in vitro for its physical
properties and biocompatibility (28).

The aims of this study were: 1) To assess the impact of
the developed composite microfibrous materials on
anastomotic healing in an experimental model of a
technically defective intestinal anastomosis in pig. 2) To
develop and use a new semiquantitative system for the
evaluation of intestinal integrity in the site of anastomosis
for more complex anastomotic healing assessment.

Materials and Methods

Development of materials. Double-layered PCL/PVA nanofibrous
mats were prepared in two variants differing in the degree of
hydrolysis of the PVA component. The solution of PVA with high
degree of hydrolysis (PVA1) was prepared by diluting the
commercially available solution of 16% PVA Mowiol® (Mw
125.000 g/mol, 98.0-98.8% hydrolysis, Sigma Aldrich, St. Louis,
MO, USA) in ethanol (Penta Chemicals, Prague, Czech Republic)
and deionized water (1:4 volume fractions) in a final concentration
of 10% w/w. PVA Mowiol® (Mw 130.000 g/mol, 88% hydrolysis,
Merck, Darmstadt, Germany) was used to prepare aqueous solution
of the PVA with low degree of hydrolysis (PVA2) in a final
concentration of 12% w/w. Polymeric granulate of PCL (Mw 43.000
g/mol, Polysciences, Hirschberg an der Bergstrasse, Germany) was
dissolved in chloroform, acetic acid and ethanol solution (8:1:1
volume fractions) in a concentration of 16% w/w. 

The double-layered nanofibrous mats were prepared using the
needleless electrospinning device Nanospider™ 1WS500U
(Elmarco, Liberec, Czech Republic) by the method of sequential
electrospinning. Firstly, the hydrophilic layer of PVA1 or PVA2 was
created. The PCL fibres were then deposited directly on the
previously electrospun PVA1/PVA2 layer. Scanning electron
microscopy (PHENOMTM, Fei Company, Hillsboro, OR, USA)
was employed to evaluate the structure of the materials. We
followed the same protocols as in our recent publication (28).

Experimental design. We randomly allocated 24 healthy male and
female Prestice black-pied pigs into 3 groups, 8 animals each. A
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defective anastomosis on the small intestine was constructed in all
animals. Animals in experimental groups PCL/PVA1 and
PCL/PVA2 received one of the two types of reinforcing material
(respecting the group) and the animals in the Control group
remained with uncovered anastomotic defect. The animals were
observed for 21 days. Sample collection, macroscopic and histologic
assessments followed.

Surgery. The animals were weighed prior to the surgery. Anesthesia
was induced by intramuscular application of 10 mg/kg of ketamine
(Narkamon, Spofa, Prague, Czech Republic), 5 mg/kg of azaperone
(Stresnil, Jannssen Phramaceutica, Beerse, Belgium) and 0.5 mg
atropine (Atropin Biotika, Hoechst Biotika, Martin, Slovak
Republic). Laryngeal tube was then inserted while maintaining
general anaesthesia using intravenous propofol administration (1%
mixture 5-10 mg/kg/h Propofol, Fresenius Kabi, Oslo, Norway) in
combination with Fentanyl 1-2 μg/kg/h (Fentanyl Torrex, Chiesi cz,
Prague, Czech Republic) for analgesia. 1.2 g of Augmentin
(GlaxoSmithKline Slovakia, Bratislava, Slovak Republic) was used
for antibiotic prophylaxis; half of the dose was administered prior
to surgery and the other half two h after its beginning.

A ProPort Plastic Venous Access System with PolyFlow
polyurethane catheter (Deltec, Smiths Medical, Minneapolis, MN,
USA) was implanted and introduced through one of the jugular veins
as the first surgical procedure. The abdominal cavity was then
approached via an upper middle laparotomy. The small intestine was
transected 70 cm from the duodenojejunal junction. All swabs used
during the surgery were wet in order to prevent extensive formation
of peritoneal adhesions. A hand-sutured end-to-end anastomosis was
constructed with MONOSYN 4/0 (Glycolide 72%, Caprolactone
14%, Trimethylencarbonate 14%) monophilament suture line (B-
Braun, Germany) using seromuscular extramucosal running suture.
An artificial defect on the antimesenteric side of the anastomosis with
a standard diameter of 0.75 cm was created using a draining tube
(Figure 1). The initial knot was always placed on the mesenteric side
while the closing knot was placed about one quarter of the intestinal
circumference from it. The position of the defect was marked with a
single non-absorbable stitch placed orally to the anastomosis. A sheet
of PCL/PVA1 or PCL/PVA2 material was placed onto the
anastomosis and positioned to adhere to the intestinal wall and to
cover the whole anastomosis with the defect (the hydrophilic PVA
side facing the intestine). The viscera were placed back to the
abdominal cavity and the abdominal wall was reconstructed. All
surgical procedures were performed by the same surgeon.

The animals were observed for three weeks following the surgery
and fed according to pre-defined re-alimentation scheme. Their
ability to feed according to the schedule was recorded alongside any
clinical changes, signs of GI obstruction, abdominal diameter
enlargement, stool frequency, vomiting, and body temperature
elevation. 

Follow-up. Blood samples were taken during the experiment at five
time points: on day 0 before the application of the material, exactly
two h after the application of the nanomaterial, on the 7th
postoperative day (POD), on the 14th POD, on the 21st POD. Basic
biochemical parameters were tracked in these samples (bilirubin,
GGT, ALT, AST, ALP, albumin, urea, and creatinine) to observe
deviations in the animals’ metabolism. The weight of the animals
was also measured in defined time points: preoperatively at the
beginning of the experiment, on the 3rd, 7th, 14th, 21st POD.

After the observation period, the following exploration and
sample collection surgery was performed under general anaesthesia.
The abdominal cavity was searched for signs of any complications,
intestinal matter, the GI tract checked for signs of obstruction
(intestinal wall thickening, intestinal diameter enlargement,
intestinal adhesions causing convolutes and sharp bents of the
intestine, strictures of the intestine in any location and strictures of
the anastomosis itself). Organs involved in adhesions in the rest of
the abdominal cavity were also noted. Afterwards, the specimen of
the anastomosed intestine was collected including the surrounding
adhered tissues; photodocumentation was acquired. The animals
were sacrificed after sample collection.

The collected intestine was transected longitudinally on the
mesenteric side, pinned onto a cork underlay and the adhesions
present on the site of the anastomosis were scored using the
perianastomotic adhesions amount score (PAAS) developed
previously by our team. PAAS allows for the quantification of the
extent of adhesions at the anastomotic circumference (27). The
specimens were then fixed in 10% buffered formalin. 

All experimental procedures concerning the pigs were described
in a protocol approved by the Commission of Work with
Experimental Animals at the Faculty of Medicine in Pilsen, Charles
University, and supervised by the Ministry of Education, Youth and
Sports of the Czech Republic (project code: MSMT-26570/2017-2).
All procedures were performed in compliance with the law of the
Czech Republic and with the legislation of the European Union.

Histology. Five 5 mm thick strips of tissue were cut from each
specimen perpendicular to the line of the anastomosis. All
specimens were processed by standard paraffin technique. Four μm
thick sections were stained by hematoxylin and eosin for
comprehensive overview. These samples were investigated both
qualitatively and semi-quantitatively. A semiquantitative scoring
system has been designed to evaluate the integrity of the intestinal
wall at the site of the anastomotic defect. Each layer was assessed
separately using defined parameters. Each layer was assigned a
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Figure 1. Construction of anastomosis. An intestinal anastomosis with
defect on the antimesenteric side (I.), the size of the defect is
standardized using a drain tube.



score ranging from 0 to 0.25 and the scores of all four layers were
then summed. The resulting sum (anastomosis integrity score)
represents a measure of the deterioration of intestinal wall integrity
ranging from 0 (fully defective healing) to 1 (perfect healing) (Table
I). A full-thickness defect in the intestinal wall of the specimen was
considered a proof of microscopic anastomotic leakage.

The blocks with the highest semiquantitative score were analyzed
quantitatively. Five μm sections were stained using picrosirius red
(PSR) for the assessment of the amount of collagen. Vascularization
and inflammatory infiltration were visualized by immunohistochemical
methods. We followed the standardized protocol described in our
previous study (27).

Statistical analysis. Common descriptive statistics and frequencies
were used to characterize the sample data set. Due to their non-
normal distributions, the PAAS values, anastomosis deficiency
scores, and histologically determined volume fractions were
analyzed using Kruskal-Wallis ANOVA with respect to group. In
case of a significant overall finding, differences between individual
group pairs were assessed post-hoc using multiple comparisons of
mean ranks according to Siegel and Castellan (28), including a
Bonferroni adjustment for multiple testing. All reported p-values are
two-tailed and the level of statistical significance was set at α=0.05.
Statistical processing and testing were performed using
STATISTICA data analysis software system [Version 12; StatSoft,
Inc, 2013; (29)]. 

Results

Material properties. Two composite nanofibrous materials
were created with mean fibre thicknesses 550 nm/344 nm for
PCL/PVA 1 and 652 nm/344 nm for PCL/PVA 2 (Figure 2).
Both materials were very easy to peel the spunbond underlay
and to apply onto the intestinal surface. The level of their
adherence to the tissue was sufficient to leave the materials
attached without any further fixation.

Clinical results. All animals survived through the whole
experiment. Re-alimentation was unproblematic in only two
animals from the Control group while all of the animals from
the PCL/PVA1 and PCL/PVA2 groups were able to feed
according to the schedule with no obstacles. Two animals from
the Control group vomited once (on 5th POD and 11th POD).

Weight gain was achieved by 3 animals in the PCL/PVA1
group and 6 animals in the PCL/PVA2 group (Table II). Most
of the animals did pass stool daily, no animal developed
gastrointestinal obstruction. No signs of sepsis or peritonitis
were encountered (fevers, activity decrease, abdominal wall
tenderness).

Biochemical results. There were no significant deviations
from physiological parameters or statistically significant
differences between the groups in any of the monitored
parameters.
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Table I. Parameters for semiquantitative assessment of anastomotic healing.

Layer                        Absolute score           Weighted score                                                                       Parameter

Mucosa                                1                                3/12                                                                   Completely re-epithelized 
                                            0                                0/12                                                                  Incompletely re-epithelized
Submucosa                          1                                3/12                                                                         Completely healed
                                            0                                0/12                                                                 Purulent infiltration, necrosis
Muscularis                           3                                3/12                                                                         Distance ≤0.09 mm
                                            2                                2/12                                                                      Distance 0.1-1.99 mm
                                            1                                1/12                                                                        Distance 2-3.99 mm
                                            0                                0/12                                                                           Distance ≥ 4 mm
Serosa                                  3                                3/12                                                            No purulent infiltration or necrosis
                                            2                                2/12                     Purulent infiltration and/or necrosis from muscular layer to area of nanomaterial*
                                            1                                1/12                        Purulent infiltration and/or necrosis from area of nanomaterial to peritoneum*
                                            0                                0/12                                        Purulent infiltration and/or necrosis passing to peritoneum

The absolute score focuses only on the level of integrity of a selected intestinal wall layer, while the weighted score corrects this result to make
each layer have the same impact in the total score. *Samples without nanomaterial were scored: score 2 for no necrosis, score 1 (2/12) for purulent
infiltration and/or necrosis from muscular layer to ½ thickness of serosa and score 0 (1/12) for purulent infiltration and/or necrosis reaching more
than ½ thickness of serosa to peritoneum.

Figure 2. Scanning electron microscopy. Scanning electron microscopy
images of the two prepared materials; A) PCL/PVA 1 material; B)
PCL/PVA 2 material.



Complications. Only minor complications occurred
throughout the experiment as there was no animal
developing sepsis or signs of complete gastrointestinal
obstruction in the whole experiment. There were two cases
of infectious complications in the Control group (25%). One
animal developed an abscess in the laparotomy wound
without dehiscence and one animal developed infection in
the tissues surrounding the central venous catheter. One of
the animals in the Control group presented with abdominal
diameter enlargement starting on the 17th POD and lasting
for 3 days, but with no additional clinical signs, no vomiting,
and no defecation problems. One animal from the
PCL/PVA1 group (12.5%) developed an abscess in the
laparotomy wound, no other complications were found in the
group. One animal from the PCL/PVA2 group (12.5%)
developed a small abscess in the laparotomy wound and
another animal from the group showed a mild palpable rash
on the abdominal wall from the 14th POD on.

We observed no decrease in activity in any of the animals
during the observation period.

Macroscopic findings. All of the anastomoses in both
experimental groups and the Control group were free of
macroscopically visible defects on the 21st POD. There were
no signs of anastomotic leak (no intraperitoneal intestinal
matter, no intraperitoneal puss, no abscesses, no visible signs
of peritonitis), nor signs of complete intestinal obstruction.
However, some level of intestinal wall thickening was visible
in the oral parts of the intestine in 2 animals from the
Control group (25%), in 6 from the PCL/PVA1 group (75%)
and in 5 animals from the PCL/PVA2 group (62.5%). One

animal from the PCL/PVA1 group showed a partial stenosis
of the anastomosis reducing the intestinal diameter by less
than one third (Table III). 

Small amount of clear peritoneal fluid was present in
almost all animals in volumes smaller than 100 ml. The
nanomaterial remained fully attached at the place of
application until extraction in 5 of 8 (62.5%) animals from
the PCL/PVA1 group while it was partially dislocated in the
remaining 3 (37.5%); it always remained covering the place
of the defect though. The material was partially dislocated
only in 1 of 8 animals (12.5%) in the PCL/PVA2group, also
still covering the place of the defect.

We found a number of adhesions in the area of surgery in
all animals except for one animal from the Control group
(12.5%) and two animals from the CPL/PVA1 group (25%).
The highest perianastomotic adhesions amount score (PAAS)
was recorded in the PCL/PVA2 group with a mean PAAS of
4.88 points (3 to 7 points per animal), followed by the
PCL/PVA1 group with a mean PAAS of 2.88 (0 to 6 points
per animal) and by the Control group with a mean PAAS of
2.63 points (0 to 5 points per animal). The adhesions were
present not only at the location of the anastomosis itself, but
usually also in its vicinity, both oral and aboral. An intestinal
convolute (more than two segments of intestine adhered
together) was present in 3 animals in the Control group
(37.5%), in 5 animals from the PCL/PVA1 group (62.5%)
and in 7 animals in the PCL/PVA2 group (87.5%) (Figure 3).

Histology. No signs of full-thickness defects were visible in
the comprehensive histologic assessment of the specimens.
We observed complete re-epithelialization in the site of the
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Table II. Number of animals with weight gain and weight loss per group.

Group                                                                                   Number of animals having                                   Number of animals having 
                                                                                          gained weight (3% tolerance)                                  lost weight (3% tolerance)

Control group (n=8)                                                                                 1                                                                              5
PCL/PVA1 group (n=8)                                                                           3                                                                              4
PCL/PVA2 group (n=8)                                                                           6                                                                              1

Table III. Intraoperative macroscopic findings.

Group                                            Proximal intestinal           Partial anastomotic          Mean PAAS              PAAS range                      Convolute
                                                        wall thickening                       stenosis                        (points)             (points per animal)         (number of animals)
                                                    (number of animals)          (number of animals)                                                       

Control group (n=8)                                   2                                         0                                2.63                            0-5                                     3
PCL/PVA1 group (n=8)                              6                                         1                                2.88                            0-6                                     5
PCL/PVA2 group (n=8)                              5                                         0                                4.88                            3-7                                     7

PAAS: Perianastomotic adhesions amount score.
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Figure 3. Intraoperative findings. Examples of intraoperative findings, the forceps point to the anastomosis in all of the specimens; A) animal from
Control group, well healed anastomosis, no defect is visible; B) animal from PCL/PVA1 group, the material is visible, a string of omental adhesion
is attached to the anastomosis, no defect is visible; C) animal from PCL/PVA2 group, multiple adhesions of the anastomosed intestine, material is
visible under a layer of peritoneum and peritoneal adhesions. 

Figure 4. Specimens in blue–trichrome-stained comprehensive histological slides. A) example from the Control group; B) example from the PCL/PVA1
group; C) example from the PCL/PVA2 group. 



anastomosis in 6 animals from the Control group, yet in no
animal from the PCL/PVA1 group and in only one of the
animals from the PCL/PVA2 group (Figure 4). 

Anastomoses in the experimental groups showed
significantly lower intestinal wall integrity according to our
histologic evaluation system (Figure 5A).

The volume fraction of inflammatory cells (granulocytes,
macrophages) in the tissue surrounding the anastomoses
was highest in the PCL/PVA1 group, being significantly
higher than in the Control group (p=0.0097) (Figure 5D).
The volume fraction of inflammatory cells in the

PCL/PVA2 group did not differ significantly from either the
Control group or the PCL/PVA1 group (Figure 5D).
Volume fractions of both endothelial cells (p=0.7063) and
collagen fibers (p=0.6094) in the area of the anastomoses
showed no significant differences between the groups
(Figure 5B and C). 

The applied nanomaterial was dissolved during the
histological staining; however, the place of its application
was visible in the histological slides. The two layers of
PCL/PVA1 got separated during the follow-up period in all
of the specimens (Figure 6). 
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Figure 5. Results of histological evaluation in box plot graphs. A) Anastomosis deficiency score; B) comparison of collagen fibers volume fractions;
C) comparison of vWF positive cells volume fractions; D) comparison of MAC387 positive cells volume fractions.



Discussion

The experiment successfully and thoroughly investigated basic
features of the PCL/PVA1 and PCL/PVA2 microfibrous
double-layered materials in relation to healing of a technically
defective anastomosis on the small intestine of a pig. We
adjusted the model of defective anastomosis designed by Testiti
et al. (30), where anastomotic leakage was reached by creating
a 2.5 cm large defect. We, however, created rather smaller
defects, which we consider to be more clinically relevant.

Polyvinyl alcohol and polycaprolactone are well-explored
polymers known for their biocompatibility and biodegradability.
They are routinely used as biodegradable surgical materials with
no known adverse effects (31, 32). Both presented materials
were easy to use and their application did not require any
further fixation, which is a valuable aspect not achieved by
many other supporting materials (33, 34).

There were no major complications and the animals from
the experimental groups showed better postoperative weight
gain. According to these observations, we conclude that the
materials had no adverse effects on the clinical condition of
the animals. It is hard to determine to what extent the rash
in the one animal from the PCL/PVA2 group was associated
with the application of the material (35, 36). 

It remains unclear whether the materials influence the risk
of AL. The material remained at the application site covering
the defect in all cases, however, it is questionable whether it

could keep the intestinal mass contained underneath and thus
prevent the manifestation of AL. A model of defective
anastomosis on the large intestine would possibly bring more
distinct results (34), however, we intended to test the material
first in a model without bacterial contamination for easier
assessment of the results. The number of bacteria in the small
intestine is minimal compared to the large intestine (37, 38). 

We consider both materials pro-adhesive according to the
obvious macroscopic findings and our scoring system
(PAAS). We did not observe any clinical impact of the
formed peritoneal adhesions. However, the manifestation of
clinical problems due to PAs is not time-limited to the
postoperative period, the 3-week observation is insufficient
for definite conclusions. A possible combination with other
anti-adhesives is an option worthy of further exploration as
the data regarding the safety of their use in gastrointestinal
surgery is limited (23). In our study, the material of the outer
layer was chosen for its hydrophobicity, which we considered
a key factor for adhesion prevention as it has been presumed
that the formation of peritoneal adhesions is determined by
the level of contact of the two adhering surfaces (39). The
materials developed by our team were tested for
hydrophobicity prior to this study, and the PVA nanomaterials
were shown to be hydrophobic (28), yet the two materials
proved pro-adhesive when tested in our experiment.

We created and used a new system for the evaluation of
intestinal wall integrity at the site of anastomosis on the
gastrointestinal tract. It evaluates the integrity of each layer
separately, thus making the evaluation of anastomotic
healing more precise. In combination with stereological
quantitative techniques such as PAAS and Zühlke’s grading,
it forms probably the most complex evaluation system for
anastomotic healing compared to the literature (40-43).

According to our intestinal wall integrity evaluation, the
histological assessment suggests inferior healing quality
when the material is applied. The PCL/PVA1 group showed
higher inflammatory reaction, yet other parameters did not
differ significantly from the Control group. The higher
inflammatory infiltration could, however, suggest an ongoing
healing process. Inflammation is a driving mechanism for
cellular proliferation of peritoneal fibroblasts, smooth muscle
cells and also intestinal epithelium (44-46). Results of the
PCL/PVA2 group were not statistically different from those
of the Control group in any of the three monitored aspects.
No abnormal vascularization, no abnormal collagen
production or inflammation were observed as a reaction to
the presence of the material, which is considered normal
anastomotic healing (18). Even though the integrity of the
intestinal wall was significantly lower in the experimental
groups, connective tissue surrounding the material residues
was visible in all of the specimens, covering the place of
defect. It is possible that in this way the material kept the
luminal contents from leaking into the peritoneal cavity.
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Figure 6. Washed out material imprint. A PCL/PVA1 specimen in blue
trichrome staining, the two separated layers of the material are clearly
visible.



It is not possible in our settings to distinguish the direction
of the healing process. Complete healing ad integrum or
manifestation of AL seem both real possibilities for future
development in the experimental groups. The same holds for
possible occurrence of anastomotic strictures. Sounder
results could be acquired in a longer observation period (47,
48). This is a certain limitation of the study.

We decided not to perform mechanical tests to investigate
bursting pressure or similar parameters as there is no evidence
for the relation between the results of these and the risk of AL
(49). Such tests can also compromise the quality of the
samples for later histologic evaluation. Biodegradability tests
were not employed in our study as this parameter was already
studied for PCL and PVA (50, 51).

Both materials exhibited mixed results in the study. The
healing quality seems to be compromised when compared to
the previous study with polycaprolactone nanofibrous
material (27). It is a question whether the change of the
characteristics of the material or the change of experimental
settings (or possibly a combination of both) can be blamed.
The materials need to be studied further after specific
adjustments of their properties in new experimental settings
in order to fully determine their clinical potential, probably
with even more hydrophobic materials. 

Conclusion

We were the first to propose a double layered nanomaterial for
prevention of both anastomotic leakage and peritoneal
adhesions. Both materials tested in our study did not have
negative effects on clinical results in the postoperative period.
No major complications appeared. Macroscopic findings
suggest that both materials are pro-adhesive. Histological
assessments of the specimens confirmed no microscopic signs
of anastomotic leakage. The specimens from the control group
were more completely healed according to our intestinal wall
integrity score. However, the material always remained
covering the defect and no anastomotic leakage developed. We
intend to further investigate the possibility of using nano- and
microfibrous materials to determine their clinical impact.
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