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Introduction
Despite ongoing development in surgical techniques, 
anastomotic leakage (AL) persists as a major postopera-
tive complication following surgery such as resections 
on the rectum irrespective of the underlying disease. 
AL is associated with increased morbidity and mortal-
ity in addition to longer hospitalisation and considerably 
poorer long-term oncological outcome in rectal cancer 
patients [1, 2]. The risk of leakage varies from 6 to 11.6% 
[3–6] but depending on the definition of AL up to 20% 
risk has been described [7–9].

The cause of AL is multifactorial, it differs from other 
types of wound healing and is not very well understood 
[10, 11]. Potential causes may be impaired wound healing, 
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Abstract
Purpose  Rectal anastomoses have a persisting high incidence of anastomotic leakage. This study aimed to assess 
whether the use of a poly-ϵ-caprolactone (PCL) scaffold as reinforcement of a circular stapled rectal anastomosis 
could increase tensile strength and improve healing compared to a control in a piglet model.

Method  Twenty weaned female piglets received a stapled rectal anastomosis and were randomised to either 
reinforcement with PCL scaffold (intervention) or no reinforcement (control). On postoperative day five the 
anastomosis was subjected to a tensile strength test followed by a histological examination to evaluate the wound 
healing according to the Verhofstad scoring.

Results  The tensile strength test showed no significant difference between the two groups, but histological 
evaluation revealed significant impaired wound healing in the intervention group.

Conclusion  The incorporation of a PCL scaffold into a circular stapled rectal anastomosis did not increase 
anastomotic tensile strength in piglets and indicated an impaired histologically assessed wound healing.

Keywords  Rectal anastomosis, Poly-epsilon-caprolactone, Staple-line, Tensile strength, Anastomotic wound healing, 
Anastomotic leakage
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anastomotic tension, tissue hypoperfusion and infection 
but other biochemical factors are not well understood 
[12]. Risk factors include male gender, current smoking, 
excessive alcohol consumption, obesity, low level anasto-
moses and advanced tumour stage [3, 6, 8].

Several attempts have been made to reinforce the sta-
pled anastomosis to reduce the occurrence of AL, includ-
ing various biodegradable and bioabsorbable materials 
for staple-line reinforcement, but have failed to show 
convincing results [13–16]. Poly-ϵ-caprolactone (PCL) 
is a biodegradable polymer which degradation kinetics 
may be tailored and is easy to mould. The material has 
been investigated as reinforcement of vascular anastomo-
ses and has been successfully used to administer active 
agents for promoting bone growth [17, 18].

Previous studies conducted at our institution have 
shown that incorporation of a specially designed PCL 
scaffold into a circular stapler was able to significantly 
increase the anastomotic tensile strength in the small 
intestine at postoperative day five in a piglet model [19]. 
The incorporation did not increase the risk of stenosis 
evaluated on postoperative day 30 [20]. To our knowl-
edge, no studies have investigated the use of PCL scaf-
folds in the reinforcement of stapled rectal anastomoses.

The objective of this experimental piglet study was to 
investigate the effect of a PCL scaffold incorporated into 
the staple-line of a circular stapled rectal anastomosis 
compared to a control anastomosis without PCL. The 
primary outcome was anastomotic tensile strength on 
postoperative day five with histological evaluation of the 
wound healing as the secondary outcome.

Materials and methods
Study design
In this open labelled randomised study, piglets under-
went an end-to-end circular stapled anastomosis of the 
rectum. In the intervention group, a PCL scaffold was 
incorporated into the staple-line while the control group 
received a conventional circular stapled anastomosis. 
Five days postoperatively, the animals were euthanised, 
and all anastomoses were subjected to a tensile strength 
test and subsequent histologic examination.

Ethical statement
This study follows the ARRIVE guidelines for report-
ing of animal research studies. Measures were taken to 
ensure minimal suffering of test animals during the trial 
period. This project was approved by the Danish Animal 
Experiments Inspectorate (2018-15-0201-01583).

Animals
Twenty-two weaned female Landrace/Yorkshire piglets 
were initially included in the study. The animals were 
housed at an approved facility and were acclimatised for 

1 week prior to trial start. The piglets had free access to 
water and were fed twice a day with standard pig chow.

A medical record was obtained for each animal includ-
ing all medicine administered, pre- and postoperative 
monitoring and surgical course. To ensure animal wel-
fare, the piglets were observed every 6th hour in the 
first 24  h postoperatively, and afterwards regularly dur-
ing daytime and once at night. Each animal was weighed 
prior to surgery and at study completion on postopera-
tive day five.

Randomisation
Randomisation was done using Research Randomizer® 4.0 
utilising a block design with 5 blocks of 4 animals and 1 
block of 2, the succession of which was also randomised. 
The randomisation was concealed to the investigators 
until the start of surgery. The pathologist evaluating the 
histology was blinded to the randomisation.

Anaesthesia
The piglets were pre-anaesthetised with a combination 
of 0.25 mg/kg midazolam (Hameln Pharma Plus GmbH, 
Hameln, Germany), 0.03 mg/kg medetomidine (Cepetor®, 
ScanVet Animal Health A/S, Fredensborg, Denmark), 
5  mg/kg ketamine (Ketaminol®, MSD Animal Health 
A/S, Copenhagen, Denmark) and 0.2 mg/kg butorphanol 
(Butomidor®, Salfarm Danmark A/S, Kolding, Denmark) 
administered intramuscularly.

Anaesthesia was induced with 5  mg/kg propofol and 
maintained with a continuous infusion of 15  mg/kg/
hour propofol (B. Braun Melsungen AG, Melsungen, 
Germany) and 25–50  µg/kg/hour fentanyl (B. Braun 
Melsungen AG, Melsungen, Germany) administered 
intravenously. The piglets were intubated and ventilated 
with a respiratory frequency and a tidal volume adjusted 
to an end tidal CO2 of approximately 7 kPa using a Siesta 
i TS Anaesthesia Machine (Dameca, Rødovre, Denmark). 
Blood pressure, electrocardiogram, heart rate, oxygen 
saturation and body temperature were monitored con-
tinuously during operation.

Antibiotic treatment included 20  mg/kg amoxicil-
lin (Curamox ® Prolongatum, Boehringer Ingelheim 
Danmark A/S, Copenhagen, Denmark) administered 
intramuscularly prior to operation and 20  mg/kg met-
ronidazole (B. Braun Melsungen AG, Melsungen, Ger-
many) administered intravenously during operation.

Postoperative analgesia consisted of 0.03  mg/kg 
buprenorphine (Bupaq ® Multidose, Salfarm Danmark 
A/S, Kolding, Denmark) administered by intramuscular 
injection every 6th hour until a sufficient analgesic effect 
of fentanyl transdermal patch (Matrifen® 37  µg/hour, 
Takeda Pharma A/S, Taastrup, Denmark) was achieved, 
based on clinical evaluation of the piglets.
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At re-laparotomy, all piglets were sedated using a 
Zoletil mix; a mixture of 25  mg/ml zolazepam/tilet-
amine (Zoletil® 50 vet, Virbac Danmark A/S, Kolding, 
Denmark), 10.9  mg/ml xylazine (Rompun® Vet, 20  mg/
ml, Bayer Animal Health GmbH, Leverkusen, Germany), 
10.9 mg/ml ketamine (Ketaminol® Vet, 100 mg/ml, MSD 
Animal Health A/S, Copenhagen, Denmark), 1.7  mg/ml 
butorphanol (Butomidor® Vet, 10  mg/ml, Salfarm Dan-
mark A/S, Kolding, Denmark) and 1.7  mg/ml metha-
done hydrochloride (Comfortan® Vet, 10 mg/ml, Eurovet 
Animal Health B.V., Bladel, Netherland) administered 
intravenously at a dose of 0.13  ml/kg. One ml/20kg of 
Zoletil mix was administered every 20–30 min as needed 
to ensure adequate sedation evaluated by continuous 
reflex monitoring. Due to the lighter sedation, the pig-
lets maintained spontaneous ventilation throughout the 
procedure.

At study completion all piglets were euthanised using 
140  mg/kg pentobarbital sodium (Exagon® Vet, Richter 
Pharma AG, Wels, Austria) administered intravenously.

Scaffold material
The scaffold used in this study was manufactured from 
80  kDa poly-ϵ-caprolactone (Sigma-Aldrich, Denmark) 
and designed using Autodesk Inventor® (version 2016; 
California, USA) and a 3D printer (nScrypt 3D300TE 3D, 
nScrypt, FL). The scaffold was shaped as a double undu-
lating ring with eight flexible loops with an outer diam-
eter of 22.7 mm (Fig. 1A). The scaffold design fit onto the 
stapler trocar with alignment matching the staple pattern 
(Fig.  1D) resulting in uncompromised staple-line conti-
nuity and flexibility while providing reinforcement. After 
firing the stapler, the inner ring of the scaffold was cut, 
leaving only the outer ring incorporated in the anasto-
motic line. Prior to incorporation, the PCL scaffold was 
sterilised in 10% hydrogen peroxide for 30 min and sub-
sequently rinsed repeatedly in sterile water [21].

Surgical procedure
In preparation, the rectum was emptied from fae-
cal content using a syringe with tap water. The rectum 
was exposed through a lower midline laparotomy and 
the rectum was divided at the most oral region using a 
straight scissor. A purse-string suture monocrylTMPlus® 

4 − 0 (Ethicon, Johnson & Johnson, Diegem, Belgium) 
was placed in the muscular layer of both bowel ends 
of the end-to-end anastomosis. The anvil of the circu-
lar stapler, size 21 (Ethicon, Johnson & Johnson, Birk-
erød, Denmark), was placed in the proximal end and the 
purse-string suture was tied. Afterwards, the stapler was 
introduced through the anal canal and the distal purse-
string suture was tied around the trocar. In the interven-
tion group the PCL scaffold was placed on the trocar 
(Fig. 1A) prior to tightening and activation of the stapler 
(Fig.  1B-C). The anastomosis integrity was tested by an 
air leak test as previously suggested for colorectal anas-
tomoses [22]. At any sign of a defect during testing this 
was allowed to be corrected with a single suture using 
monocrylTMPlus® 4 − 0.

The abdominal fascia was closed with a running suture 
using 0 PDSTMPlus® (Ethicon, Johnson & Johnson, Die-
gem Belgium). The skin was closed with a running intra-
cutaneous suture using monocrylTMPlus® 2 − 0 (Ethicon, 
Johnson & Johnson, Diegem, Belgium) and sealed with a 
liquid bandage (OPSITE spray, Smith&Nephew Medical 
Limited, 101 Hessle Rd, England).

At study termination a re-laparotomy was performed. 
The anastomosis was identified and carefully freed from 
adhesions. Resection was made at approximately 5 cm on 
either side of the anastomosis and subsequently mounted 
in the testing machine.

Maximum Tensile Strength (MATS) test
For the tensile strength a LF Plus testing machine (Lloyds 
Instruments, Fareham, UK) equipped with an XLC 100 N 
loadcell (Lloyds Instruments, Fareham, UK) was used. 
The resected rectum was clamped at each bowel end 
with a 60 mm gap between the clamps with the anasto-
motic line in the middle. The test was performed within 
eight minutes following resection and with a constant 
deformation rate of 15 mm/min until transmural rupture 
occurred. The force applied was measured at two time 
points; when a tear became visible in the serosa (MATS-
1) and when a transmural rupture appeared (MATS-2). 
Finally, the location of the rupture within or outside the 
anastomosis was noted.

Fig. 1  Rectal anastomosis with a Poly-ϵ-caprolactone (PCL) scaffold. (A) Trocar with scaffold. (B) Trocar and anvil connected. The trocar is halfway re-
tracted, and the scaffold is in place. (C) Before activation of the stapler. (D) Stapled anastomosis with PCL scaffold reinforcement
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Macroscopic examination
All anastomoses were examined and macroscopic find-
ings such as pseudodiverticulosis, abscesses, visible leak-
age, signs of ileus and stenosis were noted. Adhesions 
scores were determined with zero indicating no adhe-
sions or adhesions not involving the staple-line and 1 
indicating adhesions involving the staple-line.

Histological examination
After removal of the staples, tissue samples including the 
anastomosis were placed in a 10% formaldehyde solution 
for a minimum of 48 h. Tissue samples were then embed-
ded in paraffin, cut to 4  μm slices and subsequently 
stained with haematoxylin and eosin (HE) for evaluation 
of necrosis, polymorphonuclear cells, lymphocytes, mac-
rophages, oedema, and mucosal epithelium. The evalua-
tion of smooth muscle growth was performed with alpha 
smooth muscle actin (α-SMA) and desmin staining. All 
tissue samples were examined by the same pathologist 
and scored according to Verhofstad Scoring system [23]. 
Each parameter was assigned a score of 0–3; the lowest 
score reflecting normal tissue and optimal healing. A 
mean value was calculated for each parameter in the con-
trol and intervention group.

Collagen content was evaluated with picrosirius red 
staining as a measure of healing and strength in the 
tissue.

Power calculation and statistical analysis
In this study, an increase of 20% in tensile strength was 
considered a clinically significant difference. A previous 

study [17] of the PCL scaffold in small intestinal anas-
tomoses reported MATS-2 in the intervention group of 
15.1 N (± 3.3 N) and 11.8 N (± 4.3 N) in the control group 
(p = 0.01) corresponding to an increase of 22.1%. Based 
on this study with a power of 80% of detecting the cho-
sen significant increase of 20% and a 0.05 risk of a type 
I error (α), the sample size calculation yielded a total of 
20 anastomoses needed for the final analysis. To account 
for expected mortality or complications of 10%, 22 piglets 
needed to be included in the study. Throughout the study 
a p-value < 0.05 was regarded as statistically significant 
and statistical analyses were performed using Stata/IC 
(version 16.1; Texas, USA). Mean values of MATS-1 and 
− 2, weight change, as well as collagen percentage were 
compared using a t-test, and p-value as well as 95% con-
fidence intervals of differences are reported. The ordinal 
scores of individual parameters in the Verhofstad score, 
as well as the total score, were compared by non-para-
metric Wilcoxon sum rank test. Adherence of the anasto-
moses were evaluated by Fisher’s exact test.

Results
Twenty-two piglets with a mean weight of 20.2 kg ranging 
from 17.1 to 22.1 kg were included in the study (Table 1). 
Two piglets were euthanised prematurely during surgery: 
One due to surgical complications and one because of 
severe intra-abdominal scarring from preceding perito-
nitis. Both piglets were randomised to the intervention 
group leaving nine pigs in the intervention group and 11 
in the control group for analysis. In three cases a minor 
defect in the anastomosis following stapling was closed 

Table 1  Maximum tensile strength including frequencies of intra-anastomotic rupture, observational data regarding the test animals, 
macroscopic and histological findings divided into the interventional group and the control group. All results are reported as mean 
(± standard deviation, SD) unless stated otherwise
Parameters PCL scaffold anastomosis Control anastomosis P-value for difference
Number of test animals included 9 11
Maximum Tensile Strength (MATS) (Newton)
MATS-1
MATS-2

18.43 (± 8.31)
18.86 (± 7.81)

17.78 (± 3.67)
21.73 (± 8.48)

0.817
0.446

Intra-anastomotic rupture (number) 0 2 0.479
Weight (kg)
Preoperative
Postoperative day 5
Weight gain

20.45 (± 1.04)
23.14 (± 1.42)
2.84 (± 0.6)

19.87 (± 1.53)
22.05 (± 1.40)
2.17 (± 0.41)

0.315
0.099
0.009

Adhesion score (0–1) 0.67 (± 0.5) 0.55 (± 0.52) 0.828
Histological parameters by Verhofstad score (0–3)
Necrosis
Polymorphonuclear cells
Lymphocytes
Macrophages
Oedema
Mucosal epithelium repair
Submucosal-muscular layer repair
Total Verhofstad score
Collagen, mean %

0.56 (± 0.53)
2 (± 0.71)
0.67 (± 0.5)
0
1.56 (± 0.53)
3 (± 0)
1.56 (± 0.53)
9.3 (± 1.73)
36.1 (± 12.44)

0.4 (± 0.51)
1.7 (± 0.48)
0.5 (± 0.53)
0
0.9 (± 0.74)
2.6 (± 0.52)
0.91 (± 0.83)
6.9 (± 2.23)
44.1 (± 21.43)

0.509
0.316
0.475
1.000
0.050
0.038
0.073
0.025
0.337
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with single sutures: one in the intervention-, and two in 
the control group. No visible or clinical AL occurred in 
any piglet.

Maximum Tensile Strength (MATS) test
Incorporation of the PCL scaffold in the anastomo-
sis did not significantly improve the maximum tensile 
strength compared to the control anastomosis of the rec-
tum. MATS-1 tended to be higher in the interventional 
group with a mean difference of 0.65 N (95% CI, -5.18 to 
6.49) while MATS-2 tended to be higher in the control 
group with a mean difference of 2.87 N (95% CI, -4.87 to 
10.60). Intra-anastomotic rupture during the MATS test 
occurred in two anastomoses (10%) in the control group 
and none in the intervention group (Table 1).

Macroscopic findings and histological examination
No pseudo-diverticulosis, intra-abdominal abscess, mac-
roscopic signs of stenosis or ileus was observed in this 
study.

The mean total Verhofstad score was significantly 
greater in the intervention group (Table  1). The mean 
score was 9.3 ± 1.73 in the intervention group compared 
to 6.9 ± 2.23 in the control group. Analysing the individ-
ual parameters, the mean value was higher in the inter-
vention group in all parameters but only significantly 
higher for mucosal epithelium repair and oedema.

Discussion
This study did not reveal a significant difference between 
the use of a PCL scaffold for reinforcement of the staple-
line in end-to-end rectal anastomotic compared to no 
scaffold regarding anastomotic strength evaluated by the 
tensile strength test on postoperative day five. Intra-anas-
tomotic rupture during tensile strength test occurred in 
only two piglets in the control group as opposed to none 
in the intervention group. No piglets developed AL dur-
ing the study. Histologic examination showed a signifi-
cantly lower Verhofstad score in the control group, which 
indicated differences in wound heling between the two 
groups. Some parameters showed superiority in wound 
healing and others inferiority in the intervention group.

Many different methods for reinforcements of rectal 
anastomoses have been suggested. Recently both external 
and internal sutured reinforcement of a stapled low rec-
tal anastomosis in humans have been described. Exter-
nal suturing resulted in a low frequency of AL, but there 
was no control group [24]. With an internal suturing of 
the staple-line the rate of AL without a diverting stoma 
was the same as conventional anastomosis with a divert-
ing stoma, indicating that the internal suturing enforce-
ment may omit the necessity of a diverting stoma [25]. 
Additionally, injection of stem cells in the staple-line to 
promote wound heling is an interesting which has been 

described in animal experimental studies but not in a 
clinical setting [26]. A recent review concluded that no 
single method of anastomotic reinforcement in colorectal 
anastomosis has improved the risk of AL [27].

Only a few studies have evaluated the use of a staple-
line reinforcement approach comparable to this current 
study. Fajardo et al. [10] investigated a polymeric bioab-
sorbable SeamGuard (BSG) incorporated into the staple-
line of rectal anastomoses in a piglet model (n = 22). The 
BSG reinforcement was also applied directly onto the 
stapler anvil and cartridge. The method was found to be 
safe although it exhibited no clear advantages or signifi-
cant difference in burst pressure compared to no BSG on 
postoperative day 14. A slight increase in infiltration of 
inflammatory cells was observed in the BSG group how-
ever there was no difference of elastin or collagen con-
cluding that the healing was not compromised.

The use of bioabsorbable staple-line reinforcement 
(BSLR) of rectal anastomoses in patients has only been 
reported in two studies. Senagore et al. studied the 
effect of a synthetic BSLR compared to no reinforce-
ment in a randomised study in 258 patients receiving 
circular stapled anastomosis < 10 cm from the anal verge 
[14]. In the study, 85% of patients received faecal diver-
sion at some point within the follow-up of 4–12 weeks 
or up to 6 months in case of adjuvant chemotherapy but 
before ileostomy takedown. The study found no signifi-
cant reduction in AL rate assessed either by endoscopy or 
contrast enema. Placer et al. investigated the same BSLR 
with 30 days follow-up (n = 302) and failed to show any 
significant reduction in postoperative complications such 
as leaks, bleeding or stenosis [15]. The concept of BSLR/
BSG is largely comparable to our approach, although 
the PCL scaffold exhibits some advantages as it, unlike 
the BSLR/BSG, is mounted after insertion of the stapler 
and introduction of the spear right before stapling of the 
anastomosis, thus minimising the risk of the scaffold dis-
mounting as well as unnecessary contamination of the 
staple-line.

As alternatives to staple-line reinforcement of rectal 
anastomoses, endoluminal protection and external rein-
forcement have been investigated with limited protective 
effects. In the C-seal trial [28], endoluminal protection 
of the rectal anastomosis was investigated in a clinical 
randomised study (n = 402) using a circular stapler and a 
biodegradable polymeric sheet attached to the staple-line 
reinforcement which was covering the anastomosis from 
luminal content. The study failed to show any differences 
in the frequency of AL compared to no protection. On 
the other hand, external coating of colonic anastomoses 
including fibrin sealant, omental pedicle graft and hyal-
uronic acid/carboxymethylcellulose has been evaluated 
in a review including both animal and human studies 
[29]. In humans, only fibrin sealant has shown positive, 
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although not significant results when using fibrin sealant 
compared to no sealant when performing rectal anasto-
moses in 233 patients with rectal cancer [30]. Wenger et 
al. found the incidence of AL at postoperative day nine 
to be 20% in the control group and 5% in the interven-
tion group receiving fibrin sealant as reinforcement of 
a circular stapled colorectal anastomosis in pigs (n = 40) 
[31]. Using the same method, no cases of AL were found 
in the intervention group at 21 days follow-up compared 
to 20% in the control group [32]. In contrast to these 
methods, the PCL scaffold is aimed at increasing the 
tensile strength of the anastomosis in the beginning of 
wound healing while not compromising the healing pro-
cess. Assessment of wound healing using the Verhofstad 
score showed signs of inferior healing in the interven-
tion group compared to the control group in this current 
study. Incorporation of the PCL scaffold or the process 
of applying it might have contributed to impaired heal-
ing although measures were taken to disinfect and rinse 
the scaffold before stapling and non-inferior healing has 
been shown previously in the small intestine [19, 20]. 
Furthermore, removal of staples and PCL scaffolds from 
the anastomoses prior to histological preparation led to 
an unknown degree of tissue damage and random errors, 
however, it enabled blinding of the pathologist and 
ensured uncompromised specimen for histology. Addi-
tionally, histologic grading using Verhofstad score was 
originally designed for rats [23] and may be suboptimal 
for evaluating healing in the porcine rectum at this dura-
tion of wound healing.

Previously, an equivalent PCL scaffold was tested in 
the small intestine in piglets which showed an increase 
in tensile strength of over 20% compared to anastomo-
ses without PCL scaffold [19]. Similar effects of the PCL 
scaffold were not observed in the rectum although tested 
on the same equipment and similar piglets. Rectal wall 
thickness and structure could be an attributing factor 
to the PCL scaffold’s apparent inability to increase the 
strength in the intervention group, as the staplers were 
fitted tightly into the tissue in both groups. Supporting 
this hypothesis, the tensile strength of the rectum intes-
tinal wall of the control anastomoses is approximately 
40% higher than the control anastomoses of the small 
intestine in Larsen et al. [19]. The measuring of tensile 
strength by visual presentation is made difficult due to 
the relatively thick intestinal wall. Although a defect in 
serosa was visually detected, it was not clearly visible on 
the load over time graph. Although this method of evalu-
ating the anastomotic strength has been widely used, it 
is a suboptimal assessment of the anastomosis itself. It is 
therefore worth considering, if other assessment meth-
ods could produce different results of the anastomotic 
strength.

During the tensile strength test, intra-anastomotic rup-
ture occurred only twice, both in the control group. Thus, 
only in these anastomoses, the true anastomotic strength 
was directly reflected by the test. This small percentage 
of intra-anastomotic rupture is a known concern when 
investigating colorectal anastomoses in animal models 
and results in uncertain conclusiveness of the studies 
regarding anastomotic strength [13, 16]. This may be the 
result of inability of the test to measure the anastomotic 
strength beyond the strength of the surrounding native 
tissue.

The strength test was performed with a 60  mm gap 
between the clamps which might have contributed to 
higher rate of extra-anastomotic rupture due to excess 
tissue being stretched during the test and thus present-
ing a larger surface for a potential rupture. A smaller gap 
of e.g.10  mm, could possibly prevent the large number 
of extra-anastomotic ruptures, as less tissue is stretched 
during the test, as used by Kjaer et al. [33].

Ikeuchi et al. investigated the correlation between ten-
sile strength and bursting pressure in intestinal anas-
tomoses on a colonic rat model to test if the two widely 
used measures were equal [34]. They found significant 
correlations between the methods only in the prolifera-
tion phase of healing after day five (days 5–12) but stated 
that tensile strength is also a strong indicator of suture 
holding power. Whether tensile strength or burst pres-
sure is superior depends on the individual setting it is 
being used in but both methods are valid surrogate mea-
sures and strengthened by the concomitant histological 
evaluation [35]. In this present study, tensile strength 
was chosen, as it is considered a valid method for eval-
uating anastomotic strength at this relatively short fol-
low-up [36]. However, it must be considered that the 
tensile strength may not be directly transferable to the 
true integrity of the anastomosis due to AL not neces-
sarily being caused by longitudinal tension [37]. Con-
sequently, there is a risk of bias due to the inability of 
tensile strength test to determine the potential strength 
addition that is not related to direct longitudinal force. 
No consensus has been reached regarding the ideal post-
operative day for investigation of intestinal anastomo-
ses. Postoperative day five was chosen for evaluation of 
the anastomosis matching the initial proliferation phase 
where ingrowth of fibroblasts and collagen synthesis has 
begun [10]. Considering that the median postoperative 
time to diagnosis of AL in patients is around seven days 
[38] and the fact that the diagnosis of AL often is delayed 
[39], this follow-up was deemed a reasonable timing 
of evaluation. Tensile strength as a surrogate endpoint 
for AL is regarded as a suitable alternative to reporting 
the incidence of AL during a longer follow-up due to 
the potentially prolonged time before clinical presenta-
tion of AL and use of a minimum number of animals. 
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A recognized weakness of the present study is that the 
experiments were performed on normal rectal tissue. In 
the clinical situation, structural changes in tissue related 
to disease or preoperative radiochemistry might result in 
a different outcome.

In conclusion, the PCL scaffold did not increase anas-
tomotic strength in rectal anastomoses and the histologi-
cal scoring of wound healing showed changes indicating 
both improved and impaired wound healing. The fact 
that there was no ruptures in the anastomotic line in the 
intervention group indicated that the incorporation of a 
scaffold in the staple-line was feasible. Whether this may 
be transferred to the clinical setting is unknown. Further 
investigations using different evaluation methods are 
needed to determine the long-term effects.
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