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ABSTRACT

Introduction: Acute blunt or open renal trauma sometimes requires conservative measure which involves the use
of specific materials in order to adequately restore renal parenchima. The purpose of this study is to analyze the
effects of the sugar cane biopolymer sponge in an experimental model of renal trauma in rabbits. Methods: Ex-
perimental prospective study was paired with twelve New Zealand rabbits. After induction of renal trauma bi-
lateral high-grade (grade 4-collecting system, according to AAST), the sugar cane biopolymer sponge was used
for homeostasis and reconstruction of the right renal parenchyma (experimental group). The same procedure
was performed in the left kidney, but using the Surgifoam® sponge (Control Group). The animals were sacrificed
after four weeks. Histological analysis was performed and the results were compared after statistically being
evaluated. Results: Comparing the experimental group with the control, there was more inflammatory reaction
and premature adhesions in the first one. Concerning the influence on efficacy and biocompatibility of the bio-
polymer, no serious complications like massive bleeding, haematoma, fistula or urinary stone formation were
found in both groups. Conclusion: The sugar cane biopolymer sponge demonstrated good efficacy in relation to
hemostatic control and reconstruction of the renal parenchyma without major complications. Future studies
may direct its routine use in urologic practice.
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1. Introduction Therefore we need new substances that help in cases
of extensive renal lesions. There are few reports in the
literature on biomaterials and hemostatic fibrin sealants
used as an aid in the reconstruction of damaged renal
parenchyma [3,4].

However, there are not yet reports on the effectiveness
of biopolymer membranes in renal trauma, as well as
their reactions in contact with the tissues. Based on this
information, we experimentally investigate the effects of
SCB in kidneys of rabbits with high grade surgical renal

Sugar Cane Biopolymer (SCB) consists of several ex-
opolysaccharides, and 87.6% glucose. The polysaccha-
rides are synthesized and secreted by Zoogloea sp. when
this microorganism remains in a medium rich in molasses
from cane sugar [1].

The kidney is the third most injured organ in the ab-
dominal cavity in most cases following blunt trauma; 90%
of cases are contusions or lacerations of the renal paren-
chyma smaller than 1 cm. Although penetrating trauma is

responsible for only 10% of renal injuries, it is generally trauma.

more serious and needs surgical exploration, which often

leads to loss of the organ [2]. 2. Methods

“Corresponding author. The study design was experimental, prospective and lon-
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gitudinal. Twenty-four renal units of 12 rabbits adult
healthy males (Oryctolagus cuniculus), New Zealand
lineage, weighing 2 to 3 kg were used because they are
the most used in literature for the objective of the present
study [5-7]. The right width cortex and medulla have
4.92 £ 0.67 and 4.5 + 0.62, respectively. The left width
cortex and medulla have 4.5 + 0.52 and 4 + 0.6, respec-
tively [8].

Animals were submitted to open surgery through an
anterior abdominal incision (open laparotomy). The renal
trauma was induced by using scalpel blade No. 15, which
have 1 cm x 1 c¢cm, longitudinally on the anterior surface
of the kidney, with 1cm deep and 1cm long, with visua-
lization of urine collecting system at the time of incision
in all kidneys, which characterizes the lesions grade 4
(i.e., high-grade lesion according to the classification of
the American Association for Surgery of Trauma). The
right kidney was sutured with 4-0, polyglactin using,
within the wound, the SCB sponge, and the left kidney
Surgifoam® sponge (SURGIFOAM® Absorbable Gelatin
Sponge; Johnson & Johnson, Somerville, Massachusetts)
was used as a control group. The total procedure time
and the time to hemostasis were measured. The time to
hemostasis was measured using a stopwatch, controlled
by an instrumentation technician, starting from the time
of incision to complete end of bleeding, after affixing the
suture. Time was measured in seconds. Blood loss was
measured by the number of gauze (7.5 x 7.5 cm) soaked
through by blood, mild (only one gauze), moderate (2 to
5 gauze) and high (above 5 gauze). After 4 weeks, the
animals were sacrificed with 0.2 ml of solution of drugs
composed by 1 ml Ketamine 25% (Dopalen®; Vetbrands,
Paulinea, S&o Paulo) and 1 ml Xylazine 2% (Anasedan®;
Vetbrands, Paulinea, Sdo Paulo)/100g animal weight [9].
Bilateral nephrectomy was performed and kidneys were
sent for histological analysis, preserved in 10% buffered
formalin, and after 48 hours fixation were soaked in 70%
alcohol and paraffin.

Histology was assessed by an experienced pathologist,
who has been blinded for assessment of the tissues, and
scored as according to the intensity of the inflammatory
reaction induced the presence of fibrosis at the tissue in
contact with the material. Each kidney was sectioned and
two sections of each organ were subjected to histological
examination. The intensity of inflammation was described
from the observation of exudate cellularity, the extension
of the process and the presence of cellular necrosis. The
intensity of the inflammatory activity was classified as
follows: void—the absence of inflammatory signals; light
(1x)—exudate with cellular infiltration in small amount,
reaction involving up to one third of the studied tissue,
absence of necrosis; moderate (2x)—exudate with mode-
rate number of cellular infiltration, involving reaction
between 1/3 and 2/3 of fabric, presence of little necrosis;
intense (3x)—exudate cell infiltration in large quantity,
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reaction involving more than 2/3 of the sample cell ne-
crosis intense. Fibrosis was characterized by the presence
of fibroblasts and deposition of collagen in the extracel-
lular matrix. In order to confirm the presence of fibrosis,
in addition to HE staining, Picrosirius staining, evaluated
by brightfield light microscopy, was also used in all slides.
The present study had full approval of the Ethics Com-
mittee on Animal Experimentation of the institution.
Statistical analysis was performed using SPSS® 15.0
software for Windows®, and the significance was defined
as p < 0.05. Nonparametric Wilcoxon Shapiro-Wilks
test-paired Student’s t test and McNemar was used.

3. Results

The average weight of the animals was 2489 g. The
weight of the kidney varied between 5 and 10 g. The
mean operative time of the procedure was 30.33 min
(Table 1). The mean time to hemostasis with SCB was
211.2 s and in control group 203.4 s, p = 0.195 (Chart 1).
Intraoperative blood loss did not have difference between
SCB and control group, p = 0.480 (Chart 2).

During the second phase of the experiment, the mac-
roscopic inspection did not show deformities in the heal-
ing of the renal parenchyma, as well as perirenal hema-
tomas, abscesses, urinary stone formation, fistula or uri-
noma in any renal unit (Photo 1).

However, scar adherences between the kidney and ad-
jacent organs were identified, in the right side, which
corresponds to the sugar cane polymer. There was no evi-

Table 1. Descriptive measures for the group and its com-
parison with the Wilcoxon test.

Variable Group Mean Median Star)da}rd p Value
Deviation
Kidney SCB 10.00 10.00 3.02 0,058
Weight (@) control 1250 1000 452
. SCB  211.17 209.50 19.92
He_mosta5|s 0.195
time (s) Control 20342 201.00  18.66
Animal weight (g) -  2489.25 2521.00 259.52
Surgery time (min) - 30.33  29.00 8.02
212 2Ll
210+
208 +
2067 203.4
204 + :
202 1
200 -+
198 + T r
SCB Control

Chart 1. Mean time to hemostasis in seconds (p = 0.195).
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=Mild »Moderate » High

SCB Control

Chart 2. Intraoperative blood loss (p = 0.480).

Photo 1. Good healing of SCB.

dence of change in color or texture of the biopolymer
graft membrane sugar cane or Surgifoam®, which were
coated with a thin layer of connective tissue (Photo 2).

The degree of inflammation was classified as mild,
moderate and severe. The difference between the grades
of inflammatory reaction was statistically significant, p =
0.004. Mild and moderate reaction was more prevalence
in control group, but high reaction got greater incidence
in SCB group (Table 2).

The degree of fibrosis (p = 0.5) (Table 3) and the in-
cidence of necrosis (p = 0.414) (Chart 3) did not differ
between SCB and control group. Photos were taken from
SCB group to show fibrosis and necrosis in histologic
analysis (Photos 3-5).

4. Discussion

Despite the relative frequency of blunt renal trauma
penetrating lesions that needs surgical exploration re-
presents only 10% of cases. According to the American
Association of Surgery of Trauma (AAST), the renal
lesions are classified as follows: grade |—bruises, abra-
sions and sub capsular hematomas with intact renal cap-
sule grade Il—small parenchymal lacerations extending
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Photo 2. Presence of strong adhesions between the SCB and
small bowel.

SCB/| 7

Control I 5

0 1 2 3 4 5 6 7 8

Chart 3. Incidence of necrosis in each group (p = 0.414).

Table 2. Inflammatory reaction by group and its comparison
with the Wilcoxon test.

Inflammatory Reaction SCB Control p Value
Mild 1 6
Moderate 0 5 0.004
High 11 1
Total 12 12

Table 3. Fibrosis by group and its comparison with the
McNemar test.

Fibrosis SCB Control p Value
No show 2 0
Mild 8 10
0.500
Moderate 2 2
High 0 0
Total 12 12

to the cortical surface, not involving the medulla or col-
lecting system, grade Ill—large parenchymal lacerations
extending through the cortex and renal medulla, but not
involving the collecting system, grade IV—Ilarge paren-
chymal lacerations extending to the cortex and medulla
reaching the renal collecting system and any vascular
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Photo 3. Inflammatory reaction with foreign body giant cells
(arrows) phagocyting exogenous material (*) (Hematoxylin-
eosin 400x).

Photo 4. Necrotic tissue (*) permeated by inflammatory cells
(arrows) (Hematoxylin-eosin 400x%).

Photo 5. Reaction foreign body type mild (Hematoxylin-
eosin 400x).

lesion of segmental vessels or major bleeding contained
locally, and grade V—profound and multiple lacerations
of the parenchyma, extending to the cortex and medulla
and the renal collecting system and vascular injury, or
avulsion of the major vessels, causing extensive bleeding
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or thrombosis of major vessels [10].

The treatment of renal trauma is conservative in 98%
of cases (almost all cases grade I, Il and IlI, and in some
cases grade IV and V). Absolute indications for surgical
exploration of renal trauma are hemodynamic instability,
or pulsatile perirenal hematoma expansion and persistent
bleeding [10].

The way to increase the rate of renal preservation is
the use of hemostatic agents such as Gelfoam®, Sur-
gicell®, or Surgifoam® Sil®, which may be necessary in
more serious cases and have high efficacy, and thereby
play an increasingly important role in the correction of
urinary tract lesions.

Based on the experience of the nephron-sparing sur-
gery in small renal tumors, with a gelatin matrix that was
applied in an experimental model of complex renal injury
in pigs it has been demonstrated that total blood loss was
significantly lower than treatment with conventional su-
tures only [11].

The biopolymer membrane has been tested for cyto-
toxicity, as assessed by adhesion index, and nitric oxide
production in alveolar macrophages cell viability in rats
and showed no toxic response in the cells of the culture.
The biopolymer sugar cane showed high biocompatibil-
ity in cytotoxicity assays [12].

The use of SCB was introduced experimentally in
2002 by researchers at the same institution who tested its
effect on cutaneous wound healing with good results [3].
Then, several other studies have also been performed as a
substitute in various situations, such as the tympanic
membrane, bone, arteries and even tunica vaginalis [13-
15].

The inflammatory response to the SCB was evaluated
by overlapping membranes BP and meshes on the parie-
tal peritoneum of rats, by formation of adhesions with
omentum and small bowel. In all rats incorporation of
implanted prostheses was observed and the peritoneum
was free of other abnormalities. The authors conclude
that the sugar cane biopolymer can be a viable alternative,
comparable to polypropylene, in dealing with renal le-
sions both in trauma and conservative surgery such as
partial nephrectomies for renal tumors or duplicated sys-
tems.

The findings of this study corroborate the findings of
previous work, where we found higher levels of fibrosis
or complications such as fistulas, compared to the control
group. This same observation was found in previous se-
ries that used the SCB, probably as a result of adequate
biocompatibility presented by the biopolymer. However,
macroscopically, there was a greater degree of adhesions
to the liver and intestines, with the SCB, a fact which
goes against the findings of this study [16], but that can
be explained by the greater early inflammatory reaction
presented by SCB, which tends to decrease with time.

oJu



L. H. M. TAVARES ET AL. 5

A Swedish group tested experimentally four hemo-
static substances in rat kidneys: gelatin, bovine thrombin,
factor VIla and microporous polysaccharide. It is con-
cluded that products containing gelatin obtained the fast-
est and best degree of hemostasis [17].

The use of hemostatic substances in the renal paren-
chyma has currently directed research mainly in nephron-
sparing surgery, greatly in surgery for small renal tumors
[18].

A product that has been currently used and has shown
effectiveness, safety and biocompatibility sponge is com-
posed of fibrinogen and thrombin (Tachosil®). Some stu-
dies in the literature have supported its use [19,20].

This study demonstrated the effectiveness of the bio-
polymer sponge, with respect to the hemostasis of the
renal parenchyma, absence of inflammatory reactions
detrimental to their function, absence of urinary fistulas,
or hematoma formation or stones within the collecting
system, complications that could perhaps limit or contra-
indicate its clinical use.

The present study has limitations. The injury in this
study was standardized and this did not happen in injury
by firearm and blunt trauma. However, the objectives of
this study were reached, because we proved the effec-
tiveness of the biopolymer sponge. Moreover, this study
was with animals, and how they present an own physiol-
ogy, it is difficult to extrapolate to human being. There-
fore, new studies need to be conducted.

5. Conclusion

Based on the findings above, it is concluded that the
biopolymer sponge sugar cane has satisfactory efficacy
in renal homeostasis, and offers no further damage to the
remaining renal parenchyma compared to the control
group, which gives a good perspective for future use in
clinical urology, considering that the final cost will be
much lower than the products currently used. Further
work may corroborate these results and make it useful in
clinical practice.
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