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Summary. A composite membrane produced from collagen
and vicryl mesh has been used to cover the kidney surface
following partial nephrectomy in rabbits. The membrane
readily held sutures, gave satisfactory haemostasis, and pre-
vented leakage of urine. The experiments showed that the
prosthesis biodegraded in less than twenty weeks. The only
observed long-term effect of the material was thickening of
the renal capsule. The results indicate that this membrane
may be a suitable reparative materal for use in traumatised
kidneys in humans.
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Introduction

Collagen, due to its high tensile strength, biodegradability,
low antigenicity, and other characteristics has found many
applications in the biomedical field [3--5, 911, 17, 20].
Included in these properties is the ability to produce
haemostasis and, because of this, collagen based haemostatic
agents in the form of a sponge, powder or a fleece have
proved useful when dealing with severe injury to soft organs
such as liver [5, 18] and spleen [5, 14, 18].

We have successfully used a collagen membrane to seal
experimental ureterotomies [16]. The material proved to
be soft and tended to tear easily when wet, making suturing
difficult. This surgical problem was subsequently overcome
by reinforcing the collagen with Vicryl mesh to form a
much stronger material. Vicryl mesh alone has shown
promising results in other areas of operative surgery [1, 2,
12, 13] and it has been proposed from in-itro experimen-
tation that a combination of Vicryl mesh and collagen may
well serve as a useful prosthetic material in the urinary
tract [8].

The present study reports the use of this composite
material to cover the operation site following partial
nephrectomy in experimental animals.

Fig. 1. Membrane sutured to partial nephrectomy site (x5)

Materials and Methods

Collagen coated Vicryl (polyglactin) Mesh was prepared as described
in an earlier report [8] and the material was sterilised by immersion
1 70% ethanol before use.

Adult male New Zealand White rabbits weighing 2.8—-3.2 kg
were used for the experiment. Each rabbit was given a 1 week course
of Aureomycin followed by at least one week free of antibiotics
before being submitted to operation. No peri or post-operative anti-
biotics were administered.

Anaesthesia was induced with 0.9 ml “Hypnorm” (Janssen
Pharmaceuticals) administered by intramuscular injection into the
rear hind leg, and immediately before operation the rabbits were
shaved over the operation site. During the operation, anaesthesia
was maintained using a mixture of nitrous oxide (60%), oxygen
(40%), and halothane (1-2%) with the animal breathing spontane-
ously. Body temperature was maintained using a C. F. Palmer
Haemothermic Blanket, and monitored using a rectal probe.

The left kidney was approached via a loin incision, and delivered
into the wound; the vascular pedicle and ureter were identified and
a portion of the lower pole of the kidney was amputated. Haemo-
stasis was achieved using “finger-thumb” compression of the kidney
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Table 1. Duration of experiments

Animal number Sacrifice times (weeks)

1,2 41/,
3 6

4 8

5 10
6,7,8 12
9,10 17
11,12 20

Control experiments (suturing of material without nephrectomy to
intact right kidney) were performed on animals 8—12 inclusive

while a 1.5 x 1.5 cm patch of collagen/vicryl composite was sutured
to the existing capsule using 4/0 or 3/0 vicryl or dexon sutures
(Fig. 1). The wound was then closed using vicryl or chromic catgut
for the muscle layers and silk for the skin. Immediately following
the operation, the rabbits were placed in a specially heated cage to
recover from the anaesthetic.

In five animals, control experiments were carried out simultane-
ously when the right kidney was delivered, and a piece of collagen/
vicryl composite (1.5 x 1.5 cm) sutured directly onto the lower pole
without performing a partial nephrectomy.

A total of thirteen animals were used, one of which died a few
hours after the operation from unrelated causes and is not included
in the study.

The animals were sacrificed over a twenty week period as shown
in Table 1, using an intravenous injection of sodium pentabarbitone
(5 ml of 2 200 mg/ml solution).

Follwing post-mortem examination, the kidneys were removed
and fixed in neutral buffered formalin for routine histology. Sections
for histology were processed using haematoxylin, phloxine, and
saffron (HPS trichrome) staining.

Results

The general apperance and overall health of all the animals
remained satifactory over the duration of the experiments.
There was no evidence to suggest bleeding or leakage of
urine from the operation site in any animal.

Macroscopic (Post-mortem) Findings

There appeared to be little obvious macroscopic difference
between the animals, despite differing intervals prior to
sacrifice. In each case, the operative site could readily be
identified on the left kidney as a flattened area overlayed
with whitish scar tissue at the site of removal of the lower
pole. The kidneys tended to be buried deeply in perinephric
fat and adhesions to bowel and abdominal wall were com-
mon features; in one case at 41/2 weeks, adhesions to the
liver were observed.

The collagen vicryl composite could not be detected
macroscopically in any of the animals, and a satisfactory
repair of the nephrectomy site was observed in each case.
No urinomas were found.

Fig. 2. Normal rabbit kidney showing renal capsule (indicated by
arrow) (x150)

Fig. 3. Animal at twelve weeks showing thickening of the renal
capsule. The membrane has completely disappeared (x150)

Fig. 4. Animal at eight weeks showing area of ischaemic fibrosis
with tubular atrophy (x20)

Four animals showed signs of infection at post-mortem.
In two partially nephrectomised rabbits, a large perinephric
abscess was found in one animal at 41/, weeks and a small
perinephric abscess at 20 weeks. In two control operations,
one animal had a large perinephric abscess at 17 weeks,
and another rabbit (also at 17 weeks) had a very small
abscess.



Microscopic (Histological) Findings

Fig. 2 shows a normal rabbit kidney.

In all operated cases, the repair showed itself as a recon-
stituted capsule, which was much thicker than the original
(Fig. 3).

The membrane biodegraded rapidly. In one animal
sacrificed at 41/, weeks, distinct residues of the membrane
were still visible but may have become detached from the
operation site due to infection whereas in the other rabbit
sacrificed at 4/, weeks, no sign of the membrane was
present. In the partially nephrectomised kidneys only
traces of collagen or vicryl were visible at 6, 8 and 12 weeks
(in one animal only), but not at 17 and 20 weeks. In the
control animals, minute traces of implant could be seen
at 17 weeks but not at 12 or 20 weeks.

In all except one of the partially nephrectomised kidneys,
(animal no. 10 at 17 weeks) areas of ischaemic fibrosis with
tubular atrophy were observed, an example of which is
shown in Fig.4. In some animals this effect was more
severe than others. Similar findings were also observed in
two of the control kidneys (nos. 11 and 12 at 20 weeks)
making it highly unlikely that the partial nephrectomy itself
was the cause. It is thought that these areas represent
classical wedge shaped regions of infarcted kidney substance
which have arisen as a result of vascular occlusion. Signs
of chronic inflammation were also detected in some of the
kidneys.

Discussion

The collagen vicryl membrane proved to be easy to handle,
strong enough to accept sutures, gave satisfactory haemo-
stasis and prevented leakage of urine. The experiments
have shown that the composite membrane will biodegrade
without trace before 20 weeks (in many cases considerably
earlier), with the only long-term pathological finding being
a considerable thickening of the renal capsule.

The incidences of infection observed at post-mortem in
two partially nephrectomised and two control kidneys may
well be cause for some concern. However, it must be borne
in mind that no post-operative antibiotic cover was ad-
ministered to these animals, a situation which would be
better controlled and assessed in human subjects.

Histologically, fibrotic tracts were found wich were
almost certainly caused by infarcts, the most probable
cause of which was the “fingerthumb” method used to
produce haemostasis which produced uneven areas of
ischaemia. There was no evidence to suggest that such an
effect was directly related to the presence of the membrane.

As early as 1968, Tanneret al. [19] had used a chemically
cross-linked collagen film to cover the raw area of a hemi-
nephrectomy performed in the dog. After three weeks, the
film became covered with a thin layer of connective tissue
which became more dense after three months. After five
months, the film had largely disappeared except in one
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animal where traces of collagen could be demonstrated,
and was replaced by a thick, but normal-appearing renal
capsule. No collections of fluid or blood were found deep
to the film, and very little renal atrophy adjacent to the
film occurred. In a single human case of partial nephrectomy,
the results were satisfactory using the tanned collagen film
[19].

In the current study, we have used a non chemically
cross-linked collagen which has been mechanically reinfor-
ced with a water soluble polyglactin mesh. This is stronger
than a plain collagen film and will hold sutures without
any difficulty. The absence of any chemical crossdinking
means that the membrane will biodegrade faster than a
tanned film and indeed our results show that at ten weeks
the prosthesis had disappeared. In one of three animals at
twelve weeks there were minute traces of the composite
material, and tiny remnants in the control animals only at
seventeen weeks. Even at four and six weeks, traces of
implanted material were to be seen, and at twenty weeks,
the membrane had disappeared completely. As in the earlier
report [19] there was no collection under the membrane
or any renal atrophy resulting from the composite material
itself.

Conclusion

The collagen/Vicryl composite membrane is most effective
as a substitute material which could, in the human situation,
be applied to control haemorrhage and urinary leakage
following partial nephrectomy. It could also prove to be a
very useful material in the closure of nephrotomy incision
following the removal of calculi from within the renal
substance.

Acknowledgements. The authors would like to extend their thanks
to Mr. D. M. Bell, Mr. S. Saigeman and Mr. D. Murdoch for the
excellent assistance provided with the animal studies, to Dr. A.
Chivas for his advice on the pathological findings, and to Miss S.
Halley for her typing of the manuscript.

References

1. Amory JP (1984) Urethroplastie par piece de polyglactine
etude experimentale chez le chien. MD Thesis, University of
Reims, Faculty of Medecine

2. Buchsbaum HJ, Christopherson W, Lifshitz S, Bernstein P
(1985) Vicryl mesh in pelvic floor reconstruction. Arch Surg
120:1389

3. Chignier E, Eloy R, Huc A, Gimeno R, Gleizal C (1985)
Long-term behaviour of bovine collagen membrane used as a
vascular substitute. experimental study in rats. J Biomed Mater
Res 19:115

4, Chvapil M (1977) Collagen Sponge: Theory and practice of
medical applications. J Biomed Mater Res 11:721

5. Chvapil M, Kronenthal RL, van Winkle W Jr (1973) Medical
and surgical applications of collagen. In: Hall DA, Jackson DS
(eds) International review of connective tissue research. Aca-
demic Press, New York London, pp 1—61



242

10.

11,

12.

13.

14.

Colin W, Donoff RB (1984) Nerve regeneration through collagen
tubes. J Dent Res 63:987

Etherington DJ, Silver IA, Restall DJ (1979) Resorption of
insoluble, heterologous, fluoroscein — collagen sponges in
sensitsed and non-sensitised rats. Br J Exp Pathol 60:549
Gorham SD, Monsour MJ, Scott R (1987) The in-vitro assess-
ment of a collagen/vicryl (polyglactin) composite film togehter
with candidate suture materials for use in urinary tract surgery.
I: Physical testing. Urol Res 15:53-59

Holl-Allen RTJ (1984) Porcine dermal collagen implants in
man. J R Coll Surg Edinb 29:151

Holl-Allen RTJ (1984) Porcine dermal collagen repair of
inguinal hernias. J R Coll Surg Edinb 29:154

Kamer FM, Churukian MM (1984) Clinical use of injectable
collagen. Arch Otolaryngol 110:93

Levasseur JC, Lehn E, Rignier P (1979) Etude experimentale
et utilisation clinique d’un nouveau material dans les eviscera-
tions graves post-operatoires. Chirurgie 105:577

Levasseur JC, Lehn E, Rignier P (1979) La contention interne
par prothese resorbable dans le traitement des grandes evi-
scerations. J Chir (Paris) 116:737

Morgenstern L (1974) Microcrystalline collagen used in experi-
mental splenic injury. Arch Surg 109:44

15.

16.

17.

18.

19.

20.

Oliver RF, Barker H, Cooke A, Grant RA (1982) Dermal
collagen implants. Biomaterials 3:38

Scott R, Baraza R, Gorham SD, McGregor I, French DA (1986)
Assessment of collagen film for use in urinary tract surgery. Br
J Urol 58:203

Shakespeare PG, Griffiths RW (1980) Dermal collagen implants
in man. Lancet I:795

Silverstein ME, Chvapil M (1981) Experimental and clinical
experiences with collagen fleece as a haemostatic agent. J
Trauma 21:388

Tanner JC, Marcucci MA, Bradley WH, Morgan JW (1968)
Partial nephrectomy and use of collagen grafts for renal wound
closure. J Urol 99:710

Yannas IV, Burke JT (1980) Design of an artificial skin 1.
Basic design principles. J Biomed Mater Res 14:65

R. Mohammed, M.D.
Department of Urology
Glasgow Royal Infirmary
Alexander Parade
Glasgow G69 OJE

UK



