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Abstract

BACKGROUND: Congenital defects of the urinary bladder (micro- or contracted bladder, bladder exstrophy) remain a

challenging problem for pediatric surgeons. Even when conservative treatment options are fully exhausted, irreversible

renal dysfunction can be observed in a large number of cases that can even lead to chronic renal failure and the need for

kidney transplantation. To protect kidney function bladder augmentation using intestinal tissue is commonly applied as the

standard treatment method. However due to the unphysiological nature of intestinal tissue a number of problems and

complications such as urinary tract infections or bladder stone formation limit the clinical success of this approach.

Moreover a number of substitutes for the implementation of a bladder augmentation have been tested without success to

date. Here we used an experimental model to test wether the biocompatible collagen mesh Lyoplant may be a suit-

able candidate for bladder augmentation.

METHODS: We implanted a biocompatible collagen mesh (Lyoplant�) in a bladder defect rat model for bladder aug-

mentation (Lyoplant�-group: n = 12; sham group n = 4). After 6 weeks the abdomen was reopened and the initial implant

as well as the bladder were resected for histological and immunohistochemical examination.

RESULTS: All but one rat exhibited physiological growth and behaviour after the operation without differences between

the Lyoplant�-group (n = 12) and the sham group (n = 3). One rat from the sham group had to be excluded because of a

suture leakage. No wound healing complications, wound infections and no herniation were observed. After 5 weeks the

implants showed an adequate incorporation in all cases. This was confirmed by immunohistological analyses where a

significant cell infiltration and neovascularization was observed.

CONCLUSION: In summary, Lyoplant� appears to be a promising tool in experimental bladder augmentation/regener-

ation in rats.
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1 Introduction

Patients affected by the ‘‘bladder-exstrophy-epispadias’’

complex suffer from severe uro-rectal malformations. Due

to an abdominal wall defect, the patients are born with a

bladder that is exposed to the external environment [1–3].

The therapy of congenital urogenital malformations such as

bladder exstrophy is variable and includes e.g. a recon-

struction of the bladder wall or establishing a continent

urinary diversion [1, 2, 4, 5]. Both methods result in a
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number of complications. Patients treated with a bladder

wall reconstruction often remain incontinent or they suffer

from hypercontinence [2, 5].

A continent urinary diversion can be carried out in dif-

ferent ways. By using an ileocecal pouch continence can be

achieved but clinical success is dependent on high patient

compliance, a big surgical effort and a high rate of re-surgery

is common. Alternatively, the method of using a sigma

rectum pouch has the advantage that the patients do not have

to catheterise themselves because the urine is emitted with

the stool. However, sequelae, such as the damage of the

upper urinary tract, appear commonly and are described to

develop in 90% of cases in children. In addition, infections,

hyperchloraemic acidosis and a higher risk to develop colon

cancer may be consequences of this procedure [4–6].

Clearly, the complications and the rate of continence

between the different treatment options for bladder exstro-

phy have to be weighed up in order to achieve an optimal

quality of life outcome for the patients. Thanks to the recent

advances in tissue engineering some alternativematerials for

the augmentation of bladders have been tested, but unfor-

tunately no clear alternatives have been developed that

provide the basis for reproducible treatment [7]. A number of

studies using synthetic materials such as polypropylene and

xenogenous materials or such as small intestinal submucosa

(SIS) or Pelvicol� have been performed. It was demonstrated

that a number of synthetic and xenogenous materials are not

suitable for urinary bladder augmentation. Synthetic mate-

rials were observed to trigger strong inflammation response

followed by progressive massive fibrosis around the implant

[8–10]. The implantation of xenogenous materials resulted

in acute inflammation as well as microcalcification and

abscess formation [11, 12].

In view of all these problems we hypothesized that the

biocompatible collagen mesh Lyoplant� (B. Braun, Ger-

many) which has previously been used in neurosurgery for

reconstructing dura defects could be an alternative

approach to perform urinary bladder augmentation [13].

Studies using Lyoplant� for the therapy of congenital

abdominal wall defects in animal models reveal positive

results [8–10]. Therefore we used an experimental model in

rats to test this hypothesis in order to provide a basis for a

novel applicable clinical approach.

2 Materials and methods

A bladder augmentation model was created using 16

Wistar WU rats (Harlan-Winkelmann, Borchen, Germany).

The rats weighed between 75 and 100 g. All animals were

housed in a well ventilated, climate-controlled environ-

ment, fed laboratory chow and given free access to water.

The study was performed according to a protocol approved

by the local committee for animal use and care (Regierung

von Unterfranken: 55.2-2531.01-01/12).

For bladder augmentation a collagen mesh (Lyoplant�,

B.Braun, Melsungen, Germany) was used. Lyoplant� is

made of bovine pericardium and it is free of non-collagen

material [13]. During manufacturing it is ensured, that a

transfer of viruses or priones is impossible [10].

2.1 Surgical procedure

Lyoplant� group (n = 12): After inducing anasthesia using

isoflurane (1-chloro-2,2,2-trifluoroethyl difluoromethyl

ether, Abbot GmbH, Wiesbaden, Germany), the abdominal

skin was shaved, desinfected and covered with a sterile

compress. After a median laparotomy and mobilising the

intestine, the urinary bladder was presented. A

0.8 9 0.8 cm sized stripe of the bladder was resected and

replaced with a 0.8 9 0.8 cm sized collagen-mesh (Ly-

oplant�, B. Braun, Melsungen, Germany) which was stit-

ched off using six non-absorbable prolene simple

interrupted sutures (Prolene� 8/0, Ethicon, Norderstedt,

Germany) and covered by a fibrinogen patch (TachoSil�,

Nycomed, Linz, Austria). The fascia was closed using non-

absorbable polypropylene sutures (4/0) and the skin closure

was performed using continuous polypropylene suturing

(7/0) in a continuous technique.

Postoperative analgesia using Tramal� (tramadol,

Grünenthal, Aachen, Germany) was administered and the

animals were kept under observation under a heat lamp for

a period of 2 h.

2.2 Sham group (n = 4)

In order to exclude influences of the anaesthesia and suture

material, a sham-operation with identical conditions was

performed in a control group (n = 4). The defect of the

bladder was closed primarily with direct sutures (Prolene�

8/0, Ethicon, Norderstedt, Germany) and covered by a fib-

rinogen patch (TachoSil�, Nycomed, Linz, Austria) as well.

All animals underwent postoperative inspections daily

for 6 weeks where bodyweight, impairment of wound

healing and postoperative complications such as incisional

hernia, ileus or any infections were monitored. At the end

of the trial the laboratory animals wereen anaesthetised for

a final laparotomy. The adhesions to the intestines were

rated as shown in Table 1.

2.3 Histological and immunohistochemical

assessment

Histological examination of the whole bladder and its

surrounding tissue was performed after fixation in 10%

formalin and embedded in paraffin as described previously
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[8, 9]. Paraffin-embedded tissue blocks were sectioned into

10-lm slices and stained with haematoxylin/eosin (H&E).

Slides were coded and microscopically analyzed by two

different investigators using a BX-50 light microscope

(Olympus, Düsseldorf, Germany).

For immunohistochemical staining the slides were

hydrated using a standard protocol, washed three times

with PBS and fixed for 30 min at 37 �C in acetone. The

slides were then washed three times with TRIS-Buffer and

incubated for 12 h at 4 �C with various non-labeled mon-

oclonal mouse anti-rat primary CD-antibodies (CD4, CD8,

CD68, Collagen I, Collagen III and Collagen IV; see

Table 2). The secondary antibody, a prediluted biotinylated

rabbit anti-mouse IgG antibody (P0161; DAKO, Hamburg,

Germany) was incubated for 1 h at room temperature. The

second antibody was washed off the slides, 3 9 with PBS.

Then, peroxidase-conjugated streptavidin (DAKO, Ham-

burg, Germany) was added. The immune reaction was

visualized using 3,30-diaminobenzidine (DAB, 40 mg/

200 ml), dissolved in 0.05 M Tris/HCl buffer (pH 7.6) with

0.006% (v/v) H2O2. Finally the slides were washed, stained

with haematoxylin, washed again and dehydrated using a

standard protocol in a graded series of ethanol and xylol.

The coverslips were mounted with Pertex (Histolab Prod-

ucts, Gotheburg, Sweden). Slides were coded and micro-

scopically analyzed by two different investigators as well.

3 Results

One of the 16 Wistar WU rats from the sham group was

excluded from the trial on its second day postoperative

because of suture leakage followed by a 4-quadrant peri-

tonitis. The other 15 animals (Lyoplant�-group: n = 12;

sham-group: n = 3) showed a physiological growth curve

in their bodyweight protocol (data not shown). Throughout

the trial no signs of infections and no incisional hernia or

wound infection, neither clinically/macroscopically nor

postoperative macroscopically, were observed. The opera-

tion scar did not show any signs of irritation. One third of

the rats of the total population showed no macroscopic

adhesions at all, 60% showed 1st degree adhesions and one

rat (corresponding to 6.7%) exhibited 2nd degree adhe-

sions. During explantation of the bladder from the latter rat

with 2nd degree adhesion the intestine and the bladder’s

wall were found to have fusioned tightly (Fig. 1).

3.1 Lyoplant�-group

In 45% of Wistar WU rats the implants appeared com-

pletely incorporated macroscopically but the sutures

remained visible. In 20% of the animals, the implants were

only partially visible and in 33% of rats, the implants

remained clearly visible. The urinary bladder wall of the

three animals with only partially visible implants left,

showed higher signs of vascularisation around the implant,

which was interpreted as an indication of neovascularisa-

tion (see Figs. 2, 3). None of the cases developed an

incisional hernia. Histologically, the bladder wall remained

trilaminar, consisting of epithelium, detrusor urinae muscle

and the serosa. In the area of Lyoplant�, instead of the

muscle layer, connective tissue was found. Only small

parts of the implant were left, because Lyoplant� had been

transformed into connective tissue, built by fibroblasts (see

Fig. 4). A lot of small blood vessels appeared to be in the

layer of connective tissue, representing the neovasculari-

sation. Some inflammatory cells, like macrophages and

neutrophil leucocytes, had invaded. The sutures that had

been used for implantation were non-absorbable and stayed

visible in histological sections. At the sites of the sutures an

accumulation of macrophages was observed.

Immunohistological staining showed a strong infiltration

of CD-4 positive cells around the resorbable Lyoplant�

material (see Fig. 5) compared to a moderate infiltration of

CD8-positive cells, as well as the presence of connective

tissue as revealed by collagen III- and collagen IV-positive

staining patterns, especially near the blood vessels. CD68-

positive cells were only found around suture materials

(Prolene�; data not shown). The stronger

Table 1 Division of different degrees of adhesion

Adhesion degree Description of adhesion

Adhesion degree 0 No adhesion

Adhesion degree 1 Adhesion is detachable by finger

Adhesion degree 2 Adhesion is very difficult detachable by finger

Adhesion degree 3 Adhesion is only detachable by scalpel

Table 2 Overview of the primary antibodies used in this trial

Serial number Company Dilution

Mouse-anti-Rat

CD4 GTX76103-250 Genetex 1:100

CD8a EXB-11-678-C100 Exbio 1:200

CD68 Genetex Genetex 1:300

Rabbit-anti-Rat

Collagen I CED-CL50141AP-1 Cedarlane 1:500

Collagen III CED-CL50341AP-1 Cedarlane 1:500

Collagen IV CED-CL50441AP-1 Cedarlane 1:500
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Fig. 1 Macroscopic evaluation

of adhesions in labaratory rats

with A adhesion degree 0 and

B adhesion degree 2 (black

arrow points at macroscopic

visible collagen-mesh, green

arrow points at intestine and

bladder wall grown together)

Fig. 2 A macroscopically

completely incorporated

collagen-mesh and

B macoscopically visible

collagen-mesh (Lyoplant�;

black arrow)

Fig. 3 Vascularisation in urinary bladder (black arrows) with

incompletely incorporated collagen mesh (Lyoplant�)

Fig. 4 Zone of transformation of untreated bladder wall with muscle

layer to the area of implanted Lyoplant�. Stars (*) mark small blood

vessels in between the two layers, representing neovascularization

(magnification: 910)
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immunohistological reactions of cells against collagen I

were found to be distributed all over the sections (data not

shown).

3.2 Sham group

In the primary closed (= sham) group scar tissue had

resolved and architecture of the tissue was normal,

including smooth muscle formation (data not shown). Only

some infiltrations of CD4 and CD8-positive cells were

detected in the bladder wall. CD68 positive cells were only

traceable in areas next to the suture material (see Fig. 6).

4 Discussion

The therapy of bladder exstrophy is a tremendous chal-

lenge for the surgeons in charge [14, 15]. Many different

treatment options were tried, such as bladder closure with

reconstructing the vesical cervix, bladder augmentation and

continent urinary diversion [1, 2, 16, 17]. Even though

those methods can achieve urinary continence, they were

accompanied by a lot of complications. There are risks for

developing anastomosis stenoses between the urinary and

intestinal tract, as well as metabolic acidosis due to phys-

iological resorption in the intestinal segment. Urinary tract

infection including an ascending infection leading to a

renal dysfunction may occur. Chologenic diarrhoea and

formation of urolithiasis, stoma stenoses and bladder stones

were also described.

Gearhart et al. [18] claim that due to a primary failure of

the treatment, the chances of urinary continence are low-

ered to 60%, and in cases of a secondary failure, the

chances of urinary continence are lowered to 40%. Addi-

tionally, the period of hospitalisation is prolonged, because

of a higher number of operations and corrective operations

leading to higher costs.

The failure of primary operations of patients with

bladder exstrophy leads to increased costs of 9000$ for the

clinical treatment and additional 11,000$ for surgery [19].

Based on recent studies, dealing with tissue engineering

in pediatric urology [7, 20] and also on studies that claim

Lyoplant� to be a suitable material in the therapy of con-

genital abdominal wall defects [8–10], it was evaluated if

Lyoplant� is also suitable for bladder augmentation.

Important criteria for being a suitable material are: (1)

biocompatibility (in order not to generate a foreign tissue

reaction of the body), (2) resorbability (as the body should

be exposed to external material for a preferably short

period of time), (3) mechanical stability in order to guar-

antee the consistency even under increased bladder pres-

sure, (4) support of regenerative processes and cell

differentiation and (5) anticarcinogenic and antiallergic

properties [7, 9, 21].

During the 6 weeks trial, the animals showed a physi-

ological curve of growing and no complications, like

infections, hernia formation and adhesion. Thus, the sta-

bility of Lyoplant� seemed to be adequate enough to resist

the high pressure in the lower abdomen. The mechanical

stability of the implant has also been tested in studies,

comparing the mechanical stability of Lyoplant� with

other materials like polypropylene (PPP) and polytetraflu-

orethylene (PTFE), using a tensiometer as an objective

method [8–10, 22]. Both macroscopically and histologi-

cally, only remnants of the implant were visible Lyoplant�

is a biocompatible material, that has been converted into

Fig. 5 Immunohistochemical staining: CD4 positive cells (black

arrows) around the remodulate Lyoplant� (blue arrows; magnifica-

tion: 910)

Fig. 6 Immunohistochemical staining: CD68 positive cells (yellow

arrows) around the suture material (Prolene�, black arrow; magni-

fication 920)
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epithelial and connective tissue, as defined as a remod-

elling process. This process starts with neovascularisation.

Histologically, a lot of small blood vessels were found in

the area of transformation. The used fibrin patch (Ta-

choSil�, Nycomed, Austria) in both groups did not seem to

have an influence on this remodelling process.

Those blood vessels enable cells, like fibroblasts, to

infiltrate the manipulated area. They produce collagenous

fibres and develop to fibrocytes which form a stable col-

lagenous reticulum [23]. Therefore, cell differentiation is

supported by the implanted material. The remodelling

process is supported by a microporous structure and a loose

structure of collagenous fibres of Lyoplant�, making it

easier for surrounding cells to infiltrate the implant [13]. As

a result, the conditions are set for a good adaption in the

bladder wall. The duration of incorporating foreign mate-

rial is short within the body. This reduces the risk of

transplant rejection.

Furthermore, Lyoplant� is edited to an avascular and

acellular material, preserving the immunocompetence and

supporting the transplant acceptance [8, 13, 24, 25].

Immunhistologically no strong signs of inflammation were

observed. CD68-positive cells (CD 68 is a surface marker

for macrophages) accumulated around the suture materials.

Thus, Prolene�-sutures seem to cause a strong rejection

reaction of the body, but it is in no relation to the used

collagen-mesh. As a result, Lyoplant� fulfills several cri-

teria for being a suitable material (see above). The reason

for the absence of rejection is not sufficiently clarified. It is

presumed, that biocompatible materials like Lyoplant�,

small intestinal submucous membrane (SIS) or porcine

dermal collagen mesh (Pelvicol�) support the transplant

acceptance by activating the TH2-pathway [8, 9, 22, 26].

Several studies have analyzed the role of TH1 and TH2

lymphocytes in cell-mediated immune responses to xeno-

grafts. TH1 lymphocytes produce interleukin- (IL)2, inter-

feron (IFN), and tumor necrosis factor (TNF) leading to

macrophage activation, stimulation of complement fixing

antibody isotypes (IgG2a and IgG2b in mice) and differ-

entiation of CD81 cells to a cytotoxic phenotype [8].

Activation of this pathway is associated with both allo-

geneic and xenogeneic transplant rejection [8]. TH2 lym-

phocytes produce IL-4, IL-5, IL-6, and IL-10, cytokines

that do not activate macrophages and lead to production of

noncomplement-fixing antibody isotypes (IgG1 in mice).

Activation of the TH2 pathway is associated with transplant

acceptance. Extracelluar matrix (ECM) grafts serve as

bioscaffolds for appropriate host tissue growth and

remodeling and are resorbed during thisprocess. In addi-

tion, extracellular matrix materials are acellular and avas-

cular which makes immune-mediated destruction of tissue

blood supply unlikely. The cells that populate the ECM

graft are host-derived and thus nonimmunogenic.

Nevertheless, it has been unclear why such xenogeneic

material does not appear to induce an inflammatory

response that leads to rejection [26]. Lyoplant� (B/Braun

Aesculap, Germany) is a bovine-derived, acellular and

avascular material. Our previous findings and the literature

data suggest that the biocompatibility of the xenogeneic

matrix (Lyoplant�) is different from the TH1-pathway

[8, 26].

Our study shows, that there is a vigorous host response

to the implanted ECM-xenografts. Allmann et al. [26] had

demonstrated an early, acute inflammatory response at the

graft site, which consists mostly of polymorphonuclear

leukocytes (PMNs). Cytokine and antibody isotype analy-

sis demonstrated the presence of a TH2 response but the

absence of a TH1 response. These results differ from typ-

ical cytokine and antibody responses to xenografts, which

induce a TH1 cytokine response. Clearly, xenogeneic ECM,

such as Lyoplant�, SIS� or Pelvicol�, is not an inert

material, but is associated with the production of antiin-

flammatory cytokines and noncomplement-fixing antibod-

ies, which is compatible with graft acceptance (see Fig. 7).

The TH2 dominant immune response to ECM may play

a pivotal role in the favourable clinical response to xeno-

geneic biomaterials. Our group found in further studies that

a TH2 response was associated with acceptance of xeno-

geneic transplants and a TH1-mediated response was

associated with rejection. A TH2 dominant response may

prevent cell-mediated inflammation of the extracellular

matrix graft through the suppressive action of IL-10 on TH1

cells. The secretion of pro-inflammatory cytokines by

macrophages and eosinophils is also inhibited by IL-10 [8].

Thus, TH2-mediated antiinflammatory activity may be an

important factor in promoting extracellular matrix remod-

eling by modulating postsurgical inflammation [8].

In this way, interleukin (IL)-4, IL-5, IL-6 and IL-10 are

distributed and inhibit the TH1-pathway which uses IL-2,

interferon (IFN) and tumor necrosis factor (TNF) in order

to activate macrophages, causing a cytotoxic immune

response. This would lead to an inflammatory response

against the implanted material [8–10, 27]. By producing

IL-10 and activating the TH2-pathway, the TH1-pathway

triggered inflammatory reaction of the macrophages is

suppressed [27]. Collagen type I is the most common type

of collagen. It is present in dermis, tendons and ligaments

[23]. As collagen type I is very common in different tis-

sues, the strong immunological reaction of the antibodies

against collagen type I is probably caused by higher

physiological amounts of collagen I in the bladder wall.

Collagen III is found in reticular fibres, which are com-

ponents of basal laminae. Collagen IV is provided in basal

laminae, too [23].

The immunological reaction against areas with collagen

III and IV was very low and localised in walls of blood
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vessels, which are highly represented in the area of neo-

vascularisation. This leads to the assumption that only the

endothelium of blood vessels contain both types of colla-

gen. Therefore, the areas with a lot of collagen-IV are

especially located around blood vessels. CD4 and CD8a are

specific for T-lymphocytes [27, 28]. As the reaction against

CD4 and CD8a positive cells has been very little, this result

is interpreted as a sign of accepting the transplant. This

remodeling process is also supported by the work of

Roelofs et al [29]. They showed in a lamb animal model,

that bladder tissue engineering with a highly porous col-

lagen scaffold was possible in a disease model. Regener-

ation of the bladder was also comparable to regeneration in

healthy bladder, when using an ovine model for bladder

exstrophy, and results in tissue of good quality [29].

Leonhäuser et al. showed also good properties of collagen

scaffolds in Göttinger minipigs. In this in vivo model the

collagen scaffold had good ingrowth capacity into the

bladder wall including a quick lining with urothelial cells.

The ingrowth of detrusor muscle tissue, along with the

degradation of the scaffolds, could also be observed

throughout the study period [30].

In conclusion, the biocompatible collagen-mesh (Ly-

oplant�) convinces macroscopically, microscopically and

immunhistologically in our trial. The material seems to be

immunocompetent. The transplant acceptance is based on

the remodelling process, initiated by neovascularisation.

Lyoplant� stimulated the formation of epithelial and con-

nective tissue for 6 weeks observation. To what extent

Lyoplant� can be used treating congenital urogenital

malformations in clinical practice, has to be tested and

confirmed in further animal and human studies.
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