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ABSTRACT

Objective: Kidney repair reconstruction techniques are
controversial. The conventional technique is suturing, but
this is usualy with further loss of viable tissue as it
promotes scaring. In this animal model, we investigated
the parenchymal effect of different sutures and methods.

Methods: We carried out this study in the year 2000 in
the Animal Laboratory of Dicle University, Diyarbakir,
Turkey. We used 40 New Zealand white rabbits in this
study, randomized into 5 groups. We separated the | eft
kidney from Gerota's fascia, and performed standard
lacerations with incisions 5 mm deep and 10 mm in
length. We performed no reconstruction procedure in
group 1, and used homeostatic collagen powder in group
2. We primarily sutured the lacerations with chromic gut
(4/0) in group 3, and sutured the kidney in group 4 with
polyglactin (4/0). We wrapped the kidney with a

polyglactin mesh in group 5. We sacrificed 2 rabbitsin
each group postoperatively on day 2, 15, 45 and 90, and
performed  left  nephrectomy  for  histologica
investigation, and assessed interstitial inflammation.

Results:  While group 5 established the best results, the
other 4 groups had similar intermediate results. The
pseudocapsule was visible macroscopicaly in the
polyglactin mesh group. We could see mononuclear cell
infiltration, dilatation of tubules, atrophy of tubules, and
intertitial fibrosisin al groups except group 5.

Conclusion: In this animal model, we found that the
most appropriate repair material for kidney surgery was
polyglactin mesh.
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Renal laceration occurs either by various traumas,
or iatrogenically during kidney surgery. Where
necessary, there is reconstruction of the lacerations
with different methods, sutures, or both. The goal
of this reconstruction is to salvage the kidney with
preservation of viable parenchyma and to control
bleeding. The kidney is a fragile organ, which
bleeds easily. The 2 most significant challenges
facing the urological surgeon during kidney surgery
include bleeding control, and collecting system
repair.t Reconstruction after trauma or during
kidney surgery is complex and requires
sophisticated surgical skills. This is not aways
possible, especially during emergency cases. SO,
this condition forces the technology to develop an
alternative method for reconstruction, which is safe,
quick, and easy to apply. Recently, severa

publications described the use of surgical devices
that help to achieve hemostasis during kidney
surgery, including argon beam coagulator,
ultrasonic, microwave tissue coagulator, radio
frequency tissue ablation, laser, and fibrin glues.
However, there is no accepted idea method of
suture and reconstruction, so in this study we aimed
to research the efficacy and effects of different
sutures and methods upon renal parenchyma.

Methods. Thisstudy was carried out in the year
2000 at the Animal Laboratory of Dicle University,
Diyarbakir, Turkey. Veterinarians and trained
personnel provided comprehensive care for the
animals throughout the study period. Forty New
Zedland white-rabbits, each weighing 2-4 kg was
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used and divided into 5 groups. All interventions
were completed under general anesthesia following
intramuscular application of 45 mg/kg ketamine
HCI plus 5 mg/kg diazepam. All rabbits received a
preoperative antibiotic (cefazolin) intramuscularly
of one dose. We applied the middle pole of the
kidney as graded 1V penetrating injury. The left
kidneys of the rabbits were completely mobilized
and lacerated 10 mm in length and 5 mm in depth
by number 11 scalpel in the middie lobe. The
mobilize kidney of 8 rabbits were not injured and
observed as a control group. The remaining 32
kidneys were reconstructed with various methods.
group 1: control group (no reconstruction), group 2:
collagen powder was applied to lacerations, group
3: lacerations were repaired with interrupted suture
by 4/0 chromic gut suture, group 4: lacerations were
repaired with interrupted suture by 4/0 polyglactin
suture, group 5: kidney wrapped with a polyglactin
mesh (PM). An elliptical shaped PM (vicryl mesh,
Ethicon®) with an elliptical hole in the center with
pursestring 3/0 polyglycolic acid sutures placed at
both outer and inner edges of the graft were
prepared. The inner hole of the PM was placed
around the hilus, and both pursestring sutures were
tied simultaneously until the graft firmly surrounded
the kidney in the presence of active bleeding. The
hilus was not compressed. Hematocrit values were
checked in all animals on the first hour and first day
postoperatively. Two animals of each group were
sacrificed at 48 hours, and the 15th day, 45th day

and 90th days. After sacrifice, the left kidneys were
removed for macroscopic and histopathological
evaluation with light microscope. Those kidneys
were fixed by application of a 10% formalin and
paraffin inclusion method. During pathological
examination, sections from what appeared to be
lacerations were aso carefully obtained. Five
micrometers thick paraffin block sections were dyed
by hematoxylin and eosin and tubulointerstitial
morphology was scored as described by Modi et al.2

Results. None of the rabbits were lost
postoperatively. Table 1 summarizes the hematocrit
values of all groups. Macroscopic evaluation at the
48th postoperative hour in the control and collagen
powder group showed perirenal hematoma. In the
other groups, only the sutures were observed
without any pathological condition. On the 15th
postoperative day, hematoma was organized in the
control group. Fibrosis was seen in the collagen
powder group. Granulation occurred in the chromic
gut and polyglactin group. The kidney was wrapped
by a pseudocapsule in the PM group. On the 45th
postoperative day, organized hematoma was still
seen in the control group. No material or pathology
was seen in the chromic gut and collagen powder
group. The pseudocapsule was visible in the PM
group. The kidney was fixed to surrounding tissues
in all groups but mostly in PM group. On the 90th
postoperative day, macroscopicaly everything in
the chromic gut, a collagen powder and control
group was normal, other than fixation of the kidney
to perirenal tissues. The pseudocapsule surrounding

Table 1 - Hematocrit values. . L ..

the kidney was significantly more visible than

Groups  Preoperative Postoper ative values (%) before in the PM group. The polyglactin sutures
values (%) 1< hour 1< da were totally absorbed. Microscopic examination on
y - : .

the 90th postoperative day showed thickening of the
Group 1 a 20 33 renal capsule and interstitial fibrosisin the control
Group 2 a2 40 40 group (Figure 1). No absorbed collagen powder
Group 3 46 a4 44 material was seen with diffuse fibrosis observed in
Group 4 42 42 a4 the collagen powder group (Figure 2). Granulation
Group 5 48 48 46 of tissue around the sutures, and diffuse necrosis

Table 2 - Tubuleinterstitial morphology results of groups at the postoperative 90th day.
Groups Intertubular Vacuolization ~ Mononuclear Dilatation of Atrophy of  Interstitial Necrosis
edema of tubules  Cellsinfiltration tubules tubules fibrosis
Control group +++ +++ ++ o+ T Tt et
Collagen powder group ++ +4++ +++ ++ ++ T
Chromic gut group ++ ++ + ++ + + +++
Polyglactin group +H++ ++ ++ o+ + Tt
Polyglactin mesh group + +
Tubule interstitial morphology as described by Modi et a3
(-) - grade 0, non damage (good morphology), (+) - grade | damage, (++) - grade |1 damage,
(+++) - grade 11l damage, (++++) - grade IV damage (bad morphology).
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Figure 1 - Microscopic examination of the rena capsule and
interstitial fibrosis (arrows) in the control group.
(Hematoxylin and eosin~ 40).

Figure 3 - Microscopic examination of the outer cortex in the
chromic gut group. n - diffuse necrosis. (Hematoxylin and
eosin~ 100).

Figure 2 - Microscopic examination showing perirenal hematomain
the collagen powder group (Hematoxylin and eosin~ 40).

was observed in the outer cortex of the chromic gut
group (Figure 3). Diffuse fibrosis and intertitial
edema were seen in most of the glomerules of the
polyglactin group (Figure 4). Locd intergtitial
edemawas seen in the PM group (Figure5). Table 2
summarizes the tubulointerstitial morphology of al
groups on the 90th postoperative day.

Discussion. There have been studies on the
various materials and different techniques used for
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Figure 4 - Microscopic examination showing diffuse fibrosis and
interstitial edema of the glomerules of the polyglactin
group. f - diffuse fibrosis. (Hematoxylin and eosin~ 100).

Figure 5 - Microscopic examination showing local interstitial edema
(arrows) of the polyglactin mesh group (Hematoxylin and
eosin” 40).

reconstructing injured kidneys, with many more still
developing. We can divide all these studies into 2
groups. First is the diverse new suture materials,
second is the new technol ogic applications such as
tissue glues, laser, and photocoagulators. It is
possible to find very vauable information on
sutures in adetailed review of Edlich et al.* Asthey
command absorbable suture usage is mandatory in
the urinary system to prevent calculus formation.
They reported that the breaking strength of synthetic
absorbable sutures (polyglactin, polydioxanone) is
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superior to chromic gut in sterile urine, but thisis
the opposite in infected urine.* Cohen et al®> made
similar reportsin their research. They reported that
the more risky one is the polydioxanone for calculus
formation.s Frazier et al® studied a tissue glue butyl
cyanoacrylate for reconstructing the kidney. They
found that the method was safe, easy and quick in
application. However, it requires further safety tests
before use in humans® They declared that these
problems will be solved in time, and application of
this material during endoscopic procedures will
become possible. Holmes et al” studied a different
type of tissue glue, developed from fibrin (Tisseel).”
It is effective for reconstructing kidneys, but the
heat evolved during application and late
reabsorption is a major disadvantage. Kouba et al*
and Griffith et al® evaluated fibrin glue repair upon
an animal model. They reported safety, ease of use
and efficiency, and the fibrin sealant appears to be
an appropriate adjunct for managing challenging
renal injuries. In another study, Hick et al°
recommended that FoSeal gdatin  matrix
hemostatic sealant provided effective hemostasis
after complex rena injury with and without
preliminary vascular control.® Grainger et a©
studied a very different technology in reconstructing
radial nephrotomies. sapphire crystal infrared
photocoagulator. They compared this with PM, and
found each method safe, easy, and quick in
application. However, photocoagulator was not
efficient for bleeding from the capsule. The main
disadvantage of the coagulator isthat it slips away
from the nephrotomy site because the operator is
required to look away from the probe during
application, to protect his retina from the damage by
high intensity light during the operation. Kontos et
at investigated the efficacy and safety of
radiofrequency ablation as a kidney-preserving
hemostatic technigue for grade 1V renal trauma, and
found this an efficient and safe hemostatic method.
Can et a2 compared PM, collagen powder, collagen
sponge and Surgicel in blunt traumas. With the
exception of surgical, they found all these methods
effective in recovery. Lee et a®* and Lau et al*
researched PM for repair of severely injured kidneys
in an experimental study, and found this may also
be suitable for uncontrollable bleeding during non
extirpative kidney surgery.

As we found none of these methods ideal, this
inspired us to conduct this study. We studied
different materials that we found in our country. We
tried to find the most effective method by scoring
the microscopic and macroscopic differences of
these materials in both the short and long term upon
the renal parenchyma. In Table 2, we summarized
that the best reconstructed group was the PM group,
and thus should be the preferential choice. Yerdel et
a®s supports this, where they applied PM by a

different but more effective technique. Mounzer et
al found that PM created a new fibrous capsule
around kidney, and reported that PM can help in
repairing injured kidneys by securing hemostasis
and serving as a scaffold for the formation of a new
capsule, agreeing with our study. Easy and quick
applications are other advantages, which make PM
the most preferential  choice in  kidney
reconstruction. The disadvantages are cost and
difficulties in delivery, especialy in Turkey. One
other disadvantage is the firm fibrosis that develops
around kidney, which is more significant than in the
other groups, and may make follow-up surgery
impossible.

There were no differences in hematocrit values of
the groups, probably due to the small lacerations.

Conservative management is well recognized for
lower grades of renal injury (I to I11), however, in
high-grade renal injury (grade 1V and V), the role of
conservative management remains controversial.l’
In our study, recovery of the control group was
inferior to the other groups, which we think
occurred because of the grade IV kidney trauma
used.

In conclusion, we found PM the easiest, most
efficient, safest, and quickest technique in
reconstructing kidney surgery or trauma. This
technique also improves recovery. We believe that
in the future new techniques may alter these
findings as the development of technology in this
areaincreases.
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