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Abstract

Purpose: To evaluate the efficacy of the cellulosic exopolysaccharide membrane (CEM) as a 
urethral reinforcement for urethrovesical anastomosis.
Methods: Twenty eight rabbits were submitted to urethrovesical anastomosis with or without 
CEM reinforcement. The animals were divided into 4 groups: C7, CEM7, C14 and CEM14: (C= 
only anastomosis or CEM = anastomosis + CEM), evaluated after 7 weeks, and 14 weeks.  
The biointegration and biocompatibility of CEM were evaluated according to stenosis, fistula, 
urethral wall thickness, urethral epithelium, rate of inflammation and vascularization.   
Results: Between the two experimental groups, the difference in the number of stenosis or 
urinary fistula was not statistically significant. The morphometric analysis revealed preservation 
of urethral lumen, well adhered CEM without extrusion, a controlled inflammatory process 
and implant vascularization. The urothelium height remained constant over time after CEM 
reinforcement and the membrane wall was thicker, statistically, after 14 weeks.
Conclusion: The absence of extrusion, stenosis or urinary fistula after 14 weeks of urethrovesical 
anastomosis demonstrates cellulosic exopolysaccharide  membrane biocompatibility and 
biointegration with tendency to a thicker wall. 
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reinforce urethrovesical anastomosis, since 
it results in minor tissue reaction and acts as 
a physical barrier, making the urethra more 
resistant. Because it is a product from an 
abundant raw material grown in our region, 
CEM presents lower cost and easier production 
when compared to the materials used on the 
market to promote urethral reinforcement. 
This project aims to evaluate the efficacy 
of the use of the CEM as a reinforcement 
in urethrovesical anastomosis, through 
histological and morphometric analysis.

■■ Methods

	 This study followed the principles 
governing the Code of Experimental Ethics 
and Laws for Protection of Animals, according 
to the standards in Brazil, receiving full 
approval from the Ethics Committee on Animal 
Experimentation of the Center for Biosciences, 
UFPE (process No 23076.009626/20113-26). 
The study was conducted by The Nucleus for 
Experimental Surgery of Federal University of 
Pernambuco - UFPE. Twenty-eight male rabbits 
were submitted to urethrovesical anastomosis. 
The animals were divided into 4 groups: Group 
C7: Anastomosis + 7-week postoperative 
analysis; CEM7: Anastomosis + CEM and 
7-week analysis; C14 and CEM14 for 14-week 
analysis (Figure 1).

Figure 1 - Experimental design.

■■ Introduction

	 According to international data, it is 
estimated that about 600.000 new cases of 
cancer occurred in Brazil in 2017; of which about 
61.000 were of prostatic origin1. Part of these 
cases will have had, as the main treatment, a 
radical prostatectomy (RP), which aims to cure 
the cancer and concomitantly maintain urinary 
continence and erectile function.
	 Since the urinary tract needs to 
be reconstructed after RP, urethrovesical 
anastomosis has become the most complex 
stage because it depends directly on the 
surgeon’s skills, the type of material available  
and the technique used2. With the advent of 
robotic laparoscopic techniques and special 
sutures, anastomosis is increasingly successful, 
with extremely low rates of stenosis or urinary 
fistula. However, some situations such as RP 
after transurethral resection of prostate (TURP) 
or radiotherapy  require previous urethral 
reinforcement to prevent these complications 
and/or the use of an artificial sphincter to 
restore urinary  continence  in the future3with 
poor overall outcomes. We assess another 
treatment option. Methods: A retrospective 
analysis was performed of 8 patients 
presenting with severe, recurrent incontinence 
after multiple prior failed AUS procedures. All 
patients were treated with small intestinal 
submucosa (SIS.
	 The quality and variety of materials 
for this purpose seem to be scarce and 
sometimes controversial. In this scenario, 
recent experimental and clinical studies have 
registered the successful performance of 
the cellulosic exopolysaccharide membrane 
(CEM), also known as sugarcane biopolymer4–7. 
CEM has recently been used in urethral 
reinforcement in rats and demonstrated to 
be biocompatible and integrated into the 
host tissue after adhering to  the urethra8. We 
believe that this membrane could be used to 
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	 Surgical technique and cellulosic 
exopolysaccharide membrane (CEM)

	 The animals were placed on the 
operating table in the supine position. 
Antisepsis of the abdominal wall was 
performed with chlorhexidine solution. A 
6FR urethral catheter was used to facilitate 
urethral dissection, section and anastomosis. 
An abdominal midline incision of ± 5 cm was 
made. Access to that abdominal cavity was 
performed by the sequential dissection of 
anatomical planes. The bladder and urethra 
were then exposed. Using dissecting scissors, a 
small sub-urethral space (± 6 mm) was created 
just below the bladder neck to facilitate 
passage through the urethrovesical junction. 

The urethra was sectioned at this point.  The 
anastomosis was performed with Monofyl® 
Poly (Control group). In the CEM group, the 
anastomosis was coated with a self-adhesive of 
cellulosic exopolysaccharide membrane (CEM) 
(Figure 2 A-D).
	 The CEM used in our study is a bacterial 
exopolysaccharide made by bacterial synthesis 
from sugarcane molasses. It was  produced in 
a project developed at one of the institutions 
involved in the project (UFRPE)9. Each CEM 
implant was 4 x 0.6 cm x 0.04 mm thick and 
with 1.0 mm diameter holes separated by 1.0 
mm. These had been stored in a polyester 
acetate envelope filled with 80% isopropyl 
alcohol and sterilized using 25kGy of gamma 
irradiation (Figure 2 E-F).

Figure 2 - Surgical technique and cellulosic exopolysaccharide membrane (CEM) measurements. A: Complete 
section of the urethrovesical transition - urethra (bellow scissors) and urinary bladder (above); B: Rocco’s 
anastomosis with Monofyl® Poly – Control group (glycolide-and-caprolactone); C: Rocco’s anastomosis with 
Monofyl® Poly with cellulosic exopolishacaryde membrane (CEM group); D: Final anastomosis aspect; E-F: 
CEM’s dimensions: 4 x 0.6cm.
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Postoperative care, euthanasia and tissue 
sample processing

	 The animals were weighed on the day of 
surgery (T1), again 7 days after surgery (T2) and 
before euthanasia (T3). Lethal doses of sodium 
thiopental were administrated for euthanasia, 
which occurred 7 and 14 weeks after surgery. 
During euthanasia all animals were evaluated 
and classified with respect to the bladder’s 
aspect (normal or bladder distention); turbidity 
urine level (at surgery and euthanasia), stenosis 
and adherence presence. 
	 Collection of the urethrovesical 
anastomosis specimens was performed by 
means of a large abdominal incision, with 
the removal, in block, of the abdominal wall 
with the bladder. Samples were fixed in 10% 
buffered formalin and, after fixation, embedded 
in paraffin, sliced 5 μm thick, stained with 
hematoxylin and eosin and sent for histological 
and morphometric analysis.

Histological analyzes

Morphometry of the urethra and urothelium 
wall thickness
	 The methodology to measure the 
urethra and urothelium wall thickness, was the 
same used by Lima et al.8. Briefly, the area was 
divided into four quadrants to obtain an average 
of 20 measurements per quadrant. The images 
were then captured with optical magnification 
of 4x or 400x. The measurements were made 
using the program Image J45 (National Institute 
of Health, Bethesda, MD, USA). For both, 
treated (CEM7 and CEM14) and control groups 
(C7 and C14), measurement of the thickness of 
the urethral wall was made starting from the 
lamina propria, the area in close contact with 
the urothelium, until the outer muscle layer. 
The urothelium wall thickness was measured 
using the above-described methodology from 

lamina propria to the urothelium-lumen limit.

CEM’s integration and host tissue response
	 Panoramic histological sections were 
performed to identify the disposition of CEM 
and the impact of its integration into the 
host tissue and around it. Each slide was then 
classified as follow: (+) mild; (++) moderate; 
(+++) intense for CEM’s cell colonization, 
amount of GMC, inflammatory infiltrate and 
angiogenesis.

Angiogenesis density and inflammatory 
response
	 Point counting of 630 intersections 
was used in 15 randomly selected fields 
for each animal (four to five fields per 
histological section), for new blood vessels, 
fibroblasts, giant multinucleated cells 
(GMCs), macrophages, mononuclear cells 
(counted as one: lymphocytes and plasma 
cells), polymorphonuclears, and areas of 
CEM plus collagen fibers to determine the 
volume densities of angiogenesis, CEM’s cell 
colonization and inflammatory response. 

Statistical analysis

	 All variables measured were tested 
for normality prior to analysis, using the 
univariate procedure of SigmaPlot 13. The 
Student t-test was used to compare continuous 
variables between the control and CEM group, 
and comparisons between the time groups 
were made by one-way ANOVA. P≤0.05 was 
considered significant. Data were reported as 
means and SEM (standard error of the mean) 
using tables and graphs.

■■ Results

Deaths and clinical outcomes

	 The average surgery time was 51.56 
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minutes per animal. By the end of the 
surgery, all anastomoses were considered 
good or excellent, and the bladder catheter 
passage had occurred without resistance. 
Some catheters were spontaneously expelled 
between the 2nd and 4th POD (post-operative 
day), and most were removed on the 7th POD 
Five deaths occurred among the 28 operated 

animals, 3 from the CEM group and 2 from the 
Control group. 
	 All animals had the aspect of the 
bladder classified as normal, without 
stenosis, no change in urine turbidity levels 
or adherence level (Table 1). Animals’ weight 
was not altered as a result of the surgical 
procedure. 

Table 1 - Clinical aspects.
Groups Bladder Stenosis Turbidity urine level Adherence level

C7 normal No 2+/3+ Mild adherence
C14 normal No 1+/3+ Mild adherence

CEM7 normal No 1+/3+ CEM well integrated and light adherence
CEM14 normal No 2+/3+ CEM well integrated and light adherence

C: Control, n = 5; CEM, n = 4. CEM: Cellulose exopolysaccharide membrane. No case of urinary fistula was found.

Histological analysis

CEM’s integration and host tissue response
	 The integration patterns were 
rearranged quantitatively to express mild, 
moderate and intense levels and are presented 
in Table 2. The intact urethra was observed, 
with preservation of its lumen and portions 
of the CEM encircling it (Figure 3 A-B). Using a 
higher magnification, it is possible to observe 
that the CEM is well distributed around the 
urethra, with an intense number of GMCs 

(multinucleated giant cells), distributed 
homogeneously in the area of the CEM; a 
moderate number of inflammatory cells after 7 
weeks (Figure 3C) and a slight amount after 14 
weeks (Figure 3D). The CEM was surrounded 
by connective tissue at both experimental 
times. Moderate angiogenesis was found in 
the CEM (close to urethral wall) and in the 
wall-CEM interface after 7 weeks and intense 
angiogenesis after 14 weeks. An apparent 
more pronounced cell colonization was also 
observed after 14 weeks.

Table 2 - CEM’s integration and host tissue response.
Time Cell colonization GMCs inflammatory  

infiltrate
Tecidual  

integration
Angiogenesis

7 weeks ++ +++ ++ * ++
14 weeks +++ +++ + * +++

CEM: Cellulose exopolysaccharide membrane. n = 3 / group. GMCs: Multinucleated giant cells; + mild; ++ moderate; +++ intense. * 
Presence of connective tissue involving the entire prosthesis without fibrous capsule formation.
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Figure 3 - Histological analysis of CEM’s integration 
and biocompatibility. A and B = panoramic cuts 
(x50), stained with HE to visualize the host tissue 
response, respectively, after 7 and 14 weeks of 
CEM’s implantation. C and D: x400 magnifications 
to quantify the angiogenesis and cell density. CEM = 
cellulosic exopolysaccharide membrane; Bs = blood 
vessel; MGCs = multinuclear giant cells; U = urethra; 
SV = seminal vesicle; * = urothelium; black arrow = 
macrophages, black arrowhead = fibroblasts.

Morphometry of urethral and urothelial wall 
thickness
	 The thickness of the urethral wall 
(Figure 4), measured from lamina propria up 
to the outer edge of the muscular layer, was 
similar in both groups, C7 and C14 (P=0.713); 
as well as CEM7 and CEM14 (P=0.287). That 
is, the level of tissue integration after CEM’s 
implant at 7 or 14 weeks was the same. 
However, a greater thickness with a statistical 
tendency was observed for the membrane-
wall set (WC+CEM14 x C14), probably an 
integration between the membrane and 

the urethral wall (P = 0.077). There were no 
statistical differences in urethral wall thickness 
plus CEM between 7 and 14 weeks (P = 0.152) 
or differences in CEM’s thickness, also between 
times (P = 0.856).
	 The urethral epithelium, measured from 
the lamina propria up to the urothelium-light 
border, did not change after CEM implantation, 
since its thickness was not statistically different 
between the groups.

Figure 4 - Urethral wall thickness. Values 
presented as mean ± SEM. W + CEM = urethral 
wall plus CEM thickness; W: wall; CEM = cellulosic 
exopolysaccharide membrane. P-value after 
t-student test between UW + CEM values at 14 
weeks and C14. There were no statistical differences 
in urethral wall thickness plus CEM between 7 
and 14 weeks (P = 0.152) or difference in CEM’s 
thickness, also between times (P = 0.856).

Angiogenesis density and inflammatory 
response (%)
	 Angiogenesis, cell density after CEM 
integration and inflammatory response were 
calculated by morphometric quantification of 
different cell types as well as the presence of 
new blood vessels.  No statistical differences 
were observed as none of the above 
parameters had been compared when the two 
experimental times were compared (P≤0.05). 
The data are summarized in Table 3.

Table 3 - Angiogenesis density and inflammatory response (%).
Time BV Fibrob. GMCs Mac. Mono Poly CEM/cf

7 weeks 0.75 1.23 31.31 27.46 6.03 0.04 33.17
14 weeks 1.53 0.37 33.65 24.81 4.50 0.00 35.13
P-value 0.057 0.343 0.844 0.808 0.685 0.629 1.000

P-value after student t-test between 7 and 14 weeks. BV: blood vessels; Fibrob: fibroblasts; GMCs: multinucleated giant cells; Mac: 
macrophage; Mono: lymphocytes and plasmocyte cells; Poly: polymorphonuclear; CEM/CF: CEM plus collagen fibers. CEM7 and CEM 
14: (n = 3 /group).
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■■ Discussion

	 The estimate for cancer in Brazil in 2017 
indicates the occurrence of about 600.000 
new cases.  Excluding non-melanoma skin 
cancer (approximately 180,000 new cases), 
approximately 420.000 new cases of cancer 
probably occurred1. The epidemiological 
profile observed resembles that of Latin 
America and the Caribbean, where prostate 
cancer (61.000) in men and breast cancer 
(58.000) in women are the most frequent1. The 
surgery indicated to treat a patient who has 
detected prostate cancer, when the disease 
is confined to the prostate and within the 
limits of the prostate capsule is called radical 
prostatectomy (RP). That is, RP aims to cure the 
cancer patient, maintain urinary continence 
and erectile function. However, RP has several 
complications (urinary fistulas, bladder neck 
stenosis, urinary incontinence and prolonged 
urinary catheter time). The surgery itself 
causes damage or partial loss of the smooth 
muscle responsible for involuntary urinary 
continence, located between the bladder neck 
the proximal prostatic urethra and external 
urethral sphincter. These patients are more 
dependent on the striated sphincter to recover 
urinary continence in the postoperative 
period, and therefore its preservation during 
surgery is critical in this process. On the other 
hand, bladder neck stenosis is also a recurrent 
complication, characterized by the narrowing of 
urethral lumen with devastating consequences 
and complex treatment. Stenosis usually occurs 
centripetally, making it difficult to empty the 
bladder and to pass urine. 
	 For urinary continence after RP to be 
maintained through preservation of the lumen 
and external sphincter, a skillful and experienced 
surgeon is needed. In addition, the material 
used in the surgical technique of urethrovesical 
anastomosis (posterior neo-urethroplasty) 
also directly influences the success rate in the 
postoperative period. According to Sano et 
al.2, the univariate analysis of two anastomosis 

groups with different suture devices revealed 
that only the type of suture and the patient’s 
age were significant parameters for stenosis.
	 Given this, different materials have 
been used to reduce the incidence of these 
complications after RP. Fibrin glue and some 
polymers, such as cyanoacrylate and BioGlue 
(albumin and glutaraldehyde) have already 
been studied. According to Flury et al.10, the 
presence of fibrin glue at the anastomosis site 
seems to facilitate the sealing of the surgical 
site, thus allowing removal of the JP (Jackson 
Pratt) cavity drain after 0.8 days and the Foley 
catheter after 2.35 days of PR. Another material 
tested by Hruby et al.11 in a pig animal model 
was BioGlue®, a combination of glutaraldehyde 
and purified bovine albumin. According to 
Fürst and Banerjee12, the mixture of these 
components creates cross-links of albumin-
albumin and when applied to the tissue, it will 
create tissue-albumin cross-links. The result is 
an adhesion that can seal the tissue within a 
short period of time. However, Hruby et al. did 
not confirm the advantages of using Bioglue®. 
According to them, the surgical time increased 
and there was no improvement in suture 
quality, either at the immediate postoperative 
evaluation or after 1 week. In the histological 
evaluation the healing and inflammatory 
process in the region of the anastomosis was 
the same, with or without BioGlue®. Finally, 
another tested material is cyanoacrylate, 
an adhesive available in different chemical 
forms ranging from ethyl cyanoacrylate 
(Superglue®) to isobutyl cyanoacrylate and 
octyl cyanoacrylate (Dermabond®), which is 
in clinical use. Cyanoacrylate anastomosis 
requires the application of permanent sutures, 
a luminal stent and the subsequent application 
of the adhesive13simple, fast, and available 
technique for anastomosis in urological, 
vascular, gynecological, and general surgical 
procedures. This method may in the future be 
a good alternative to microsurgery, particularly 
in centers where facilities are unavailable and 
the financial implication is unbearable for the 
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patient. Cyanoacrylate is an adhesive or glue 
that is available in different chemical forms 
ranging from ethylcyanoacrylate (superglue. 
However, according to Grummet et al.14, using 
a canine animal model, cyanoacrylate seems 
not to be suitable to be used in large-diameter 
vesicourethral anastomosis, that is, what is 
required for radical prostatectomy.
	 Recently, two studies have used the 
cellulosic exopolysaccharide, also known as 
sugarcane biopolymer, as a possible treatment 
for vesico-urethral reflux and urinary 
incontinence using rabbit and rat animal 
models, respectively8,15. The biopolymer was 
injected into the bladders of adult rabbits 
using a small abdominal incision and compared 
to the injection of dextran (Dx) microspheres 
along with hyaluronic acid. According to these 
researchers, the biopolymer presented a low 
inflammatory response and better integration 
with the host tissue than the Dx after long period 
of observation. Recently, Lima et al.8 used an 
cellulosic exopolysaccharide membrane as 
a urethral reinforcement in rats, evaluating 
their integration and remodeling into the 
receptor tissue. According to the authors, the 
membrane adhered to the periurethral tissue, 
integrating with it and inducing the process 
of tissue remodeling, necessary for urethral 
strengthening in an animal model. In view of 
the research cited above, the present work 
was developed with the objective of evaluating 
the efficacy of the cellulosic exopolysaccharide 
membrane (CEM) as a reinforcement for 
urethrovesical anastomosis.
	 We therefore opted to analyze the 
effect of CEM after RP, since complications may 
be associated with poor surgical technique and/
or the material used. The monofilament suture 
material used in this project for anastomosis 
was the surgeon’s choice, since laparoscopic or 
robot-assisted surgeries and the use of special 
absorbable and synthetic suture materials 
treated with polyglyconate or polydiaxone 
such as V-loc®, Quill® and Stratafix® would 

greatly reduce the incidence of complications 
associated with anastomosis16.
	 To measure the reinforcement provided 
by the CEM, the thickness of the urethral 
wall and the urothelium were measured. The 
biointegration check of CEM was measured 
according to angiogenesis density and 
inflammatory reaction. The wall thickness did 
not alter over time in the control group (7 or 
14 weeks) or after 7 weeks comparing groups 
C with CEM. However, a greater thickness, 
with statistical tendency, was observed for the 
membrane-wall group (EP14 x EP + CEM14). 
According to Lima et al.8 there was no change 
in wall thickness after CEM implantation, 
even after 8 months of reinforcement. On 
the other hand, a different study reports a 
significant structural gain when using SIS 
(porcine intestinal submucosa) as a urethral 
coating, simultaneously with artificial sphincter 
placement17. The histological analysis of this 
periurethral material after three months of 
implantation showed remnant connective 
tissue and low inflammatory reaction, 
strengthening the idea that this matrix would 
support the growth of new tissue. However, 
the adverse result found in that study for wall 
thickness probably occurred due to the low 
number of animals analyzed for the group. 
The high incidence of calcification found in the 
urine of the experimental animal model made 
this histological analysis unviable. However, 
we believe that this fact is not particularly 
relevant. A short time later, Futyma et al.18 
followed 66 patients with stress urinary 
incontinence (SUI) and who had undergone 
Urolastic® injections during different follow-
up periods. Urolastic® is a urethral filling agent 
indicated for the treatment of SUI (stress 
urinary incontinence) with a success rate of 
up to 68% after one year of follow-up and only 
30% the small complications related to the 
injection of the agent19,20Urolastic, in women 
with stress urinary incontinence (SUI. The 
authors observed that only 30% of the patients 
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benefited in the long term after the injection 
of Urolastic®, however the microscopic analysis 
of the lumen revealed that there was no 
significant statistical difference in the rate 
of inflammation21. The main complications 
associated with the injection found by the 
authors were: 6.1% of patients with urethral 
obstruction and 4.5% with migration of the 
material under the urethra into the bladder. 
In that study, no case of membrane extrusion 
after implantation was observed. Recently, 
Ogaya-Pinies et al.22 stated that using a porcine 
urinary bladder extracellular matrix scaffold 
(UB-ECM) incorporated into the urethrovesical 
anastomosis and the distal portion of the 
bladder during sRARP (Salvage Robot-
Assisted Radical Prostatectomy) resulted in 
an anastomotic leakage rate of 6.66% of the 
patients who received the UB-ECM support 
and 35.5% in the control group that did not 
receive the membrane.
	 The urothelium also did not undergo 
any changes after CEM implantation, regardless 
of the time analyzed. This same result was 
found by Lima et al.15 after injecting cellulosic 
exopolysaccharide into rabbit bladder. The 
bladder epithelium was intact, especially 
in its basal layer and with preservation of 
the lumen. However, Lima et al.8 found a 
reduction in epithelial thickness in animals that 
received CEM + silicone tape after 8 months 
of implantation. According to the author, the 
decrease may have occurred due to the CEM 
position (placed between the urethra and 
the silicone tape), thereby creating a physical 
barrier and minimizing the inflammatory 
reaction of host tissue to the silicone.
	 Finally, the biocompatibility and the 
biointegration of CEM was evaluated according 
to the inflammatory response and the rate of 
vascularization after CEM implantation23–26 
In the histological analysis, the CEM adhered 
well to the urethral wall with preservation of 
its lumen, membrane vascularization and cell 
colonization, mainly because the presence 
of multinucleated giant cells (MNGC), 

fibroblasts, macrophages, mononuclear and 
polymorphonuclear cells. Biocompatibility 
begins when inflammatory cells are recruited 
to the implantation site, followed by the 
formation of new vessels capable of delivering 
nutrients for the integration of the implanted 
material. Afterwards, the inflammatory cells are 
gradually replaced by fibroblasts, consequently 
with collagen deposition, but without fibrous 
capsule formation8,15,27. This biocompatibility 
associated with the absence of toxicity of the 
cellulosic exopolysaccharide has also recently 
been confirmed with in vitro tests by Pinto et 
al.28; both experimental4,5 and clinical6,7,29.
	 In view of what has been related above, 
the CEM is established as biocompatible 
and easy to integrate into the host tissue, 
mainly due to the formation of blood vessels 
and the presence of cell colonization. The 
absence of bladder neck stenosis, even 
after CEM implantation, further strengthens 
its application potential. However, it is not 
possible to conclude that CEM promotes 
urethral reinforcement, since a decrease in 
urethral wall thickness was observed after 
14 weeks of implantation. Future studies are 
needed using the same animal model and with 
different efficacy tests to affirm or rule out 
the hypothesis of urethral reinforcement after 
CEM implantation. 

■■ Conclusion

	 The absence of extrusion, stenosis 
or urinary fistula after 14 weeks of 
urethrovesical anastomosis demonstrates 
CEM biocompatibility and biointegration with 
tendency to a thicker wall.
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