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Abstract

Two types of single-layer closure techniques wereestigated on experimentally
induced cystotomy in eight dogs divided equally saadomly into two groups (A and B).
In animals of both groups, cystotomy was creatquegmentally on the ventral aspect of
the urinary bladder (U. B.) wall through conventabmidline ventral laparotomy. In group
A, the cystotomy wound was closed by single-layall, thickness,simple continuous
(FTSC) pattern, whereas in group B, the closure paformed by single-layer continuous
Cushing (CC) pattern, using polyglactin-910 (3/@) both groups. The ffeciency of
cystotomy wound healing and a urine-tight seahefreconstructed U. B. were explored at
14th and 28th post-operative (P.O.) days by generaie exam, contrast X-ray
visualization by negative air media, postmortenpéction and histological interpretation.

In both groups (A and B), the general urine exaowdd no precipitation of oxalate
and struvit crystals. A strong urine-tight seallué reconstructed U. B. was also evident in
either group as indicated by the X-ray images. pdstmortem inspection revealed optimal
healing at the site of cystomy wound closure on I4&h P. O. day, however slight to
moderate adhesions were observed in two dogs (orether group). The histological
examination of the U. B. biopsies showed that tloepimological appearance of the healing
process of the cystotomy wound was similar in bgtbups. Normal epithelization of the
mucosal layer and normal structural appearancheofrtuscularis and serosal layers at the
site of cystomy closure were apparent in animalbath groups on the 14th P. O. day. In
conclusion, the results of the present study rexk#bat the efficiency of the FTSC was
equal to that of the CC in all comparison paranseter
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I ntroduction

Cystotomy is incision into the urinary bladder. @©yemy may be performed for
removal of cystic and urethral calculi, identificet and biopsy of mass lesions, repair of
ectopic ureters, or diagnosis of urinary tract atifin resistant to treatment (1).
Traditionally, cystotomy is performed by convenabhaparotomy, which is an invasive
procedure that can be associated with complicatcmmpared to laparoscopy which is
minimally invasive, associated with a low morbidagd permits excellent observation of
the bladder (2). The most frequent complicationsystotomy are urine leakage, calculus
recurrence and adhesions (3). It is well recognibed urine leakage causes unfavorable
consequences to wound healing such as delayedgeimicreased inflammatory responses
and stricture formation. (4). Thus, perfect sutgriof cystotomy wounds is extremely
important to obtain a urine-tight seal to avoidstheonsequences (5). The choice of suture
material for closure of urethral, bladder and uadtancisions has been studied extensively.
Although results of these studies are not unifobort, several statements can be made.
Prolonged intraluminal exposure of suture matensy provide a nidus for mineral
deposition and formation of calculi (6). Non-absble suture materials, such as
Polypropylene and Nylon, although not requiredhrestissues of the urinary tract typically
heal rapidly, but have been used frequently inamirsurgery and reported to produce an
intense inflammatory response when used for uretepair (7). The absorbable synthetic
sutures (polydioxanone, polyglactin-910, and pglgglic acid) have all been used
successfully (8 and 9) whereas chromic gut is agtst with more severe inflammatory
response and less predictable duration of tengsiength than synthetic absorbable
sutures(10). Prolonged intraluminal exposure tygiokanone has been reported following
urethral repair (8). Polyglycolic acid suture ratatensile strength longer than polyglactin-
910 in acid urine and the reverse is true in néwatraalkaline urine (9). Several patterns
have been recommended for the closure of cystotoogions. Appositional closure using
a single or double layer simple continuous sutuagtepn results in earlier and more
advanced healing than the traditional double inwgrsuture pattern (11). The aim of the
study was to evaluate cystotomy closure in dogsibgle-layer continuous Cushing (CC)
Vs full thickness, appositional simple continuous.
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Material and Methods

Eight stray dogs, of 8.5-14 (10.4 £ 1.8) kg, weight 8-12 (10.7 + 3.6) months age
from both sexes were used. All dogs were healthy fmee of congenital or acquired
diseases as indicated by their physical and climgamination. The animals were treated
for internal and external parasites, vaccinatednagjaabies and canine distemper and
accommodated for indoor living two weeks prior torgery. The dogs were divided
randomly and equally into two groups (A and B).gioup A the cystotomy wound was
sutured by single-layer full thickness simple coatius (FTSC) pattern whereas, in group
B, it was sutured by single-layer continuous Cughi@C) pattern, using polyglactin-910
(size 3-0).The dogs were fasted 24 hours prior to surgeryiriguhis period, the ventral
abdominal wall was aseptically prepared for therajp@n. Preanesthetic medication with
atropine sulphate at a dose of 0.02 mg/kg body hteigs given intramuscularly. Ten to
15 minutes later, a mixture of xylazine 2% (1 mg/kad ketamine 5% (10 mg/kg) was
given by intramuscular route. Incremental dosemftbe same mixture were given to the
animals as needed when the plan of surgical stbgeesthesia was extended. The animals
were positioned on dorsedcumbence assisted by two sand bags on eitheasdla third
sand bag was placed under the pelvis to providgtsélevation of the lower part of the
animal body. The hind limbs were pulled backward &aterally, whereas the fore limbs
were pulled forward and laterally and all were €éix® the surgical table. Urine collection
and evacuation of urine from the bladder were peréd in male dogs by urethral
catheterization with a proper-sized cuffed Foletheter, whereas in female dogs, urine
collection and bladder emptying were performed iogall aspiration of urine with a sterile
50 ml syringe from the bladder after creation diatemy and exploration of the abdominal
cavity. Experimental dogs of both groups (A andv&re subjected to routine midline
ventral laparotomy. Following abdominal exploratidghe U. B. was identified, explored
and isolated from the abdominal viscera with maoiste sterile laparotomy towels. Two
retention sutures were placed on the cranial andatands of the bladder which was then
completely evacuated using a 50 ml syringe supphkéd a 20-gauge needle. A 3-5 cm
stab incision was made by a scalpel on the vebtealder wall. This stab incision was
extended by a scissor cranially and caudally aredbladder cavity was explored for the
presence of bladder lesions or calculi and flusivéi warm saline before closure. The
cystotomy wounds were closed by single-layer FTB@roup A (Fig. 1) and by single-
layer continuous Cushing pattern in group B. Inhbgtoups, cystotomy wounds were
sutured with 3/0 Polyglactin-910. Postoperative caon included monitoring of animals
physical status, daily intramuscular injection gétemic antibiotic (penicillin (10.000 U/
kg) and streptomycin (20 mg/ kg) for 3 days andydabund care by wound dressing and
application of antibiotic spray. The skin suturesrgvremoved 8-10 days post operation.

Fig. (1) Closure of the cystotomy wound by a sinlelayégr; full thickness, smple
continuous pattern in a dog from group A
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Four randomly chosen dogs (two dogs from each growgre subjected to general
urine exam, X-ray, postmortem inspection and biopsiection on the 14th P.O. day and
the remaining dogs were subjected to the samedadise 28th P. O. day. Under the effect
of general anesthesia, urine sample was collected éach dog for general urine exam by
means of Foley catheter for male dogs and stairdesd Bitch catheters for the females.
Following that, the U. B. was completely evacuasedl was viewed by contrast X-ray
using negative air media. The X-ray were taken entno-dorsal position by an X-ray
machine as follow: KV 60; MAs 0.15 Sec; Distance 50-60 cm. At last, the dogs were
euthanized for postmortem inspection and biopsiectibn. The postmortem inspection
was performed to detect the presence of any gesssnl related to cystotomy closure such
as leakage, wound healing complications, and adimuhation within the U.B. Biopsies of
0.5 cm length and width were obtained from all divge the site of cystotomy closure and
incubated in 10% neutral buffered formaline for W8urs. Following that, they were
exposed to a series of histological preparationsr go sectioning and staining with
hematoxylin and eosin dyes (12).

Results

Generally, all operated dogs were depressed anwvirsposigns of restlessness
following recovery from the effect of anesthesia bone of them showed P.O. anurea.
However, all dogs started to retain normal physacaivity, food intake and urination 1 to 2
days post operation. At the 5th to the 7th P.Osdaly of the eight experimental dogs were
completely restored their normal health and noné¢hem died or showed clinical post-
cystotomy complicationsChe results of general urine exam for the postetgsty samples
of both groups (A and B) didn’'t showed a significaivert in the urine parameters from
the pre-operative control samples. In addition,enohthe urine samples at the 14th and
28th P.O. days, showed precipitation of oxalatstorvit salts. The contrast X-ray images
that were taken using negative air media on thé a#d 28th P.O. days in both groups
revealed that the urinary bladders were air-tighg.(2, A and B), and thus, indicated
retention of an adequate tensile strength on te®tymy suture line.

Figure (2) Ventro-dorsal, contrast X-ray images using negative air media for a male

dogin group A at the 14th P.O. day and for afemale dog in group B at the 28th P.O.

day. Thewhite arrows on both X-ray images show air-tight urinary bladderswith no
signs of leakage

61



The macroscopic postmortem inspection revealediffierehces, regarding the efficiency of
the cystotomy wound healing, between the two sytatterns used in this study. In animals of both
groups (A and B), optimal healing was evident at ¢ite of cystomy closure on the 14th and the
28th P. O. days and the polyglactin-910 stitchesevetill clearly visible beneath the serosal layer
(Fig. 3) on the 14th P. O. day. However, slightrtoderate adhesions were observed in two dogs
(one in either group). The sites of adhesion wettevben the peritoneum and abdominal wall at the
site of laparatomy incision and between the urindadder and the surrounding viscera (Fig. 4),
nevertheless, none of these adhesions were sdooile extent that they could restrict bladder
function.

Fig. (3) Optimal healing of the cystotomy
wound in one dog of group A at the 14th
post-oper ative day. The polyglactin-910
stitches are clearly visible beneath the
serosal layer

Fig. (4) Omento-bladder adhesion in one
dog of group B at the 28th post-cystotomy
day

N )

Histologically, normal epithelization of the mucbdayer and normal structural
appearance of the muscularis and serosal layéhne aite of cystomy closure were apparent
in bladder biopsies obtained from animals of batbugs on the 14th P. O. day associated
with insignificant pathological alterations repreta by slight fibrous connective tissue
proliferation, angiogenesis and slight infiltratioof mononuclear inflammatory cells
(macrophages, lymphocytes, and plasma cells) ifathea propria and serosal layers (Fig.
5). At the 28th P. O. day, the inflammatory celtsl @dhe newly formed blood vessel had
largely disappeared. However, marked thickeninthefserosal layer associated with focal
loss of the mesothelial integrity, fibrous conneetitissue proliferation and slight
infiltration of mononuclear inflammatory cells wesegident in the bladder biopsy obtained
from the dog which showed omento-bladder adhesigmaup B (Fig. 6).
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Fig. (5) A hisotomicrograph of a biopsy obtained at the 14" post-oper ative day from
the urinary bladder of group A dogs. It shows normal epithelization of the mucosal
layer associated with slight fibrous connective tissue proliferation, angiogenesis (black
arrows) and dight infiltration of mononuclear inflammatory cellsin thelamina
propria. The deeper muscularisand serosa layers of the tissuein the lower section
form the figure shows angiogenesis (red arrows) and slight infiltration of mononuclear
inflammatory cellsin the serosal layer, otherwise the histological structure of the
muscularis and serosal layersappearsnormal. H and E stain, X 200.
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Fig. (6) A hisotomicrograph of a biopsy obtained on 28th post-oper ative day from theurinary
bladder of one of group B dogs. It shows normal epithelization of the mucosal layer associated
with dight fibrous connectivetissue proliferation and dight infiltration of mononuclear
inflammatory cellsin the lamina propria. The muscularis and serosa layersfor thetissue
section at the (lower part of the figure) shows marked thickening of the serosal layer
associated with focal loss of the mesothelial integrity (black arrows), slight fibr ous connective
tissue proliferation and slight infiltration of mononuclear inflammatory cells. H and E stain,
X 200

Discussion

The principles of the surgical closure of hollowgans have evolved from a historic
belief in the importance of the routinely practicgaluble-layer closure pattern to achieve
adequate healing and a watertight seal over thgesiayer appositional closure pattern to
achieve anatomic reconstruction, healing, minimizeductions in luminal diameter, and
watertight seal (13-16). However, the results efphesent study revealed that both patterns
of the single-layer suture techniques used for dlosure of cystotomy woundF{SC
patternand CC pattern) were very reliable as indicatedhigyair-tight X-ray images of the
reconstructed urinary bladders, the lack of oxatatetruvit salts precipitation in the urine
samples collected at the 14th and 28th P.O. dagistlam optimal healing at the site of
cystomy closure which was apparent macroscopieaily microscopically at the 14th and
28th P. O. days. The optimal healing at the siteystomy closure on the 14th P.O. day is
in agreement with that of another study (17) wharggested that the major reparative
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processes of the U. B. have been accomplished inlal4. No differences were seen
regarding the efficiency of the cystomy closure lingabetween FTSC pattern and CC
pattern concerning the different parameters useatid@mpresent study including the general
urine exam, X-ray, postmortem inspection and higical examination. The selection of
the single-layer FTSC pattern and CC pattern rathan the double-layer pattern for
closure of cystotomy wound has resulted in reduchey operative time and the use of
minimal amount of suture material and knots thawawm at the site of closure. Similar
findings were observed in laparoscopic studiesgoered in human patients, suffering from
bladder lacerations, by single-layer closure pattesing simple interrupted or continuous
sutures through the full thickness of the bladdaidl \18-20). These findings are also
supported by experimental studies performed in éogkstated that healing of cystotomy
wound closure obtained by the single-layer appwsili pattern is as strong as that obtained
by the double-layer continuous inverting suturggrat(11 and 21). Furthermore, they are
supported by the successful use of single-layerFBBture pattern to repair urinary
bladder rupture in four postpartum mares (22). Gbkaeral urine exams, performed on
urine samples collected during two consecutive -pgstotomy periods (14th and 28th P.
O. days) in the present study, showed no oxalatFusit crystals precipitate. This finding
is ascribed to the type of suture mattress uselgdiaactin-910) which seems not to form a
nidus for bladder stone formation as it has beeported to possess a better
biocompatibility with a less intense inflammatosaction and a few areas of degenerated
tissue (23). Similarly, the air-tight X-ray imagesbtained during the same periods
indicated the retention of an adequate tensilengtheon the cystotomy suture line. This
finding is once again attributed to the type ofuseitmattress (polyglactin-910) used in the
present study (1 and 23). The histological exaronatof the U. B. biopsies showed that
the efficiency of the healing process of the cystot wounds was similar in both groups.
Normal epithelization of the mucosal layer in ansnaf either group was apparent on the
14th P. O. day associated with slight fibrous catime tissue proliferation, angiogenesis
and slight infiltration of mononuclear inflammatacglls in the lamina propria and serosal
layers. Such a satisfied result can be attributeitie suture patterns used for closure of the
cystotomy wounds in both groups (single-laiF@iSC pattern and CC pattern) because the
single-layer patterns are proved to be much bettan the double-layer pattern for the
surgical closure of hollow organs (15). At the 28hO. day, the inflammatory cells and
the newly formed blood vessel had largely disapgmkaihis finding is ascribed to the
maturation process which normally takes place atsite of surgical wound healing from
the 14th to the 70th P. O. days (24 and 25). Hatogogical changes represented by
marked thickening of the serosal layer associatéth ¥ocal loss of the mesothelial
integrity, fibrous connective tissue proliferati@nd slight infiltration of mononuclear
inflammatory cells were evident in the bladder Ssipmbtained from the dog that shows
omento-bladder adhesion in group B. This displedseting is not surprising in view of
the possibility of adhesion formation at the sutlime of the cystotomy wound because the
conventional surgical suturing often leave deadugswithin the body that may act as a
focus for infection and adhesion (26). In conclasiocystotomy wound closures by both
suturing pattern used in the present study (sitagler FTSC pattern and CC pattern) were
found similar. They were equal biomechanically dmdtologically in all comparison
parameters. It was also concluded that both swypetterns used in the present study
resulted in healing of cystotomy wounds to a utigkt level on the 14 P.O. day.
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