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Effect of antibiotic lavage in adhesion prevention
in bacterial peritonitis

Bakteriyel peritonitte antibiyotikle lavajin adezyonu onlemede etkisi

Hiiseyin Ayhan KAYAOGLU,' Namik OZKAN,! Erdin¢ YENIDOGAN,! Resid Dogan KOSEOGLU?

BACKGROUND

Intra-abdominal adhesions remain a major clinical problem.
Previously, rifamycin lavage was used to prevent adhesion
formation in the septic abdomen. The aim of our study was
to test the effectiveness of intraperitoneal application of al-
ternate antibiotics in an abdominal sepsis model.

METHODS

Sixty Wistar-albino rats were randomly divided into 6
equal groups. Bacterial peritonitis was induced using cae-
cal ligation and puncture model in all groups. Group 1 was
an untreated control. The peritoneum was lavaged with iso-
tonic saline in Group 2, with imipenem in Group 3, with
ceftriaxone in Group 4, with cefazolin in group 5 and with
metronidazole in group 6. Four weeks after the surgery,
intra-abdominal adhesions were graded, tensile strength of
the adhesions was measured and histopathological exami-
nations were performed.

RESULTS

Imipenem, ceftriaxone and cefazolin significantly reduced
adhesion formation (p<0.001) with significantly reduced
fibrosis scores (p=0.013). Adhesion formation was great-
est in the metronidazole treatment group. The breaking
force of adhesions was significantly reduced in Groups 4
and 5 (p<0.001). Although, the inflammation scores were
similar between groups (p=0.058), grade 3 inflammation
scores were only seen in control, saline and metronidazole-
treatment groups.

CONCLUSION

According to these data, cephalosporins may be effective in
preventing adhesion formation in septic abdomens. These
antibiotics need to be evaluated in a clinical trial.

Key Words: Antibiotic; cefazolin; ceftriaxone; imipenem; intraab-
dominal adhesion; metronidazole; peritoneal lavage.

AMAC

Karinigi yapisikliklar halen ciddi bir problemdir. Gegmiste
septik karinda adezyon formasyonunu 6nlemek igin sade-
ce rifamisin lavaji denenmistir. Bu ¢aligmanin amaci karin
sepsis modelinde farkli antibiyotiklerin periton i¢ine uygu-
lamasinin etkinligini degerlendirmektir.

GEREC VE YONTEM

Altmis adet Wistar-albino sigan rastgele olacak sekilde 6
esit gruba ayrildi. Tiim gruplara ¢ekal ligasyon ve puncture
modeli uygulanarak bakteriyel peritonit olusturuldu. Grup
1 kontrol grubuydu. Grup 2’ye izotonik salinle, grup 3’e
imipenemle, grup 4’e seftriaksonla, grup 5’e sefazolinle ve
grup 6’ya metronidazolle periton lavaji yapildi. Cerrahiden
4 hafta sonra karmigi yapisiklik degerlendirildi, yapigiklik-
larin gerginlik kuvveti 6l¢iildii ve histopatolojik degerlen-
dirme yapild.

BULGULAR

Imipenem, seftriakson ve sefazolin ile yapisiklik formas-
yonu anlamli derecede azaldi (p<0,001) ve fibrozis skor-
lar1 anlamli derecede diisiik olarak bulundu (p=0,013). En
kot yapisiklik metronidazol grubunda izlendi. Yapisik-
lik kopma kuvveti grup 4 ve 5’te anlamli olarak disiikti
(p<0,001). Enflamasyon dagilim skorlar1 benzer olmasina
ragmen (p=0,058) grade 3 enflamasyon skorlari sadece
kontrol, salin ve metronidazol grubunda gézlemlendi.

SONUC¢

Bu veriler 1s181nda septik karinda sefalosporinle peritoneal
lavajin yapisikligi 6nlenmede etkin oldugu ve sonuglarin
bir klinik ¢alismada degerlendirilmesi gerektigi soylene-
bilir.

Anahtar Sozciikler: Antibiyotik; sefazolin; seftriakson; imipe-
nem; karinigi yapisiklik; metronidazol; peritoneal lavaj.
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Intra-abdominal adhesions occur in approximately
95% of patients following abdominal surgery. Adhe-
sions cause serious problems including chronic ab-
dominal pain, intestinal obstructions, and female in-
fertility. Certain conditions, such as intra-abdominal
infections, aggravate this condition. Infectious condi-
tions are associated with fibrin deposits, which may
cause clinically significant adhesion and abscess
formation with mortality rates as high as 17 to 38%.
U-41 Gram negative and anaerobic bacteria occur fre-
quently in intra-abdominal infections and abscesses.
Previously, systemic or local use of antibiotics have
been evaluated for adhesion prevention properties.*
However, only rifamisin has been studied in experi-
mental sepsis model.””)

The aim of our study was to test the effectiveness
of intraperitoneal application of various antibiotics in
an experimental intra-abdominal sepsis model created
by cecal ligation and puncture.

MATERIALS AND METHODS
Subjects and surgery

After the approval of the institutional ethical com-
mittee (approval code 03-GEKTIP-007), 60 adult,
male, Wistar-albino rats (250-300 g) provided by the
Experimental Research Laboratory of the University
under standard husbandry conditions, were randomly
divided into 6 equal groups. Animals were operated on
at a room temperature of 20°C under 75 mg/kg ket-
amine hydrochloride with 5 mg/kg xylazine anesthesia
was injected intramuscularly. After cleaning the skin,
the anterior abdominal wall was shaved, treated with
10% povidon iodine, and a 3-cm median laparotomy
was performed. Bacterial peritonitis was induced us-
ing a caecal ligation and puncture (CLP) model in all
groups.l'” The cecum was punctured on the antimes-
enteric border with an 18-gauge needle after ligation
below the ileocecal valve. Six hours later, following
repeat laparotomy, the caecum was resected and the
peritoneum was lavaged with isotonic saline (Medi-
flex; Eczacibasi-Baxter Hastane Urunleri, Ayazaga,
Istanbul, Turkey) in Group 2, with 50mg/kg imipenem
(Tienam 500 mg IV Flakon, Merck Sharp & Dohme
Ilac, Esentepe, Istanbul, Turkey) in Group 3, with 100
mg/kg ceftriaxone (Forsef Flakon; Bilim Ilac, Gebze,
Kocaeli, Turkey) in Group 4, with 50 mg/kg cefazo-
lin (Cefamezin Flakon; Eczacibasi Ilac, Luleburgaz,
Kirklareli, Turkey) in Group 5 and with 40 mg/kg met-
ronidazole (Flagyl enjektabl solusyon 0.5%; Eczacibasi
Ilac, Luleburgaz, Kirklareli, Turkey) in Group 6. These
doses were chosen based on the manufacturer’s recom-
mendation using the appropriate surface area-dosage
conversion factor of seven from man to rat. Group 1
served as control and peritoneal lavage was not per-
formed in this group. All animals were resuscitated
with 10 ml saline subcutaneously in divided doses.
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Rats were sacrificed by high dose pentothal injection
four weeks after the surgery. After performing a U-type
incision to the anterior abdominal wall, the adhesions
were evaluated. A numerical score described by Knight-
ly et al.l'l was used to determine the adhesion grading
by a surgeon unaware of the study groups (Table 1).
After the grading of adhesions, the tensile strength of
adhesions between abdominal organs was measured by
the help of tensile testing equipment (Mark-10 Corpo-
ration, NY, USA), in which the test material was placed
between a moveable arm over a stationary and a fixed
arm connected to the balance with metal clips, by the
same independent surgeon. By stretching the moveable
arm gradually at speed of 10 mm/min, strength was ap-
plied and breaking force values at the time of disruption
were detected in Newtons (N).

Histopathology

Histopathological evaluations were performed by
light microscopy with a magnification power of 100x
and 400x. The resected adherent tissues were fixed in
formaldehyde, embedded in paraffin blocks, and 4 um
sections were stained with haematoxylin and eosin
(H&E). A pathologist, who was blind to the groups,
graded the extent of fibrosis and inflammation in each
specimen with a semi-quantitative scoring system (Ta-
bles 2 and 3).1'

Table 1. Adhesion grading scale!"
Adhesion

Score

0 No adhesions

1 Filmy adhesions

2 Definite localized adhesions

3 Dense multiple visceral adhesions

4 Dense adhesions extending to abdominal wall

Table 2. Fibrosis grading scalel'”!
Score Amount of fibrosis
0 None
1 Minimal, loose
2 Moderate
3 Florid, dense
Table 3. Inflammation grading scalel'
Score Amount of inflammation
0 None
1 Giant cells, occasional lymphocytes, and
plasma cells
2 Giant cells, plasma cells, eosinophils,
neutrophils
3 Many inflammatory cells, microabscesses
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Fig. 1. Peritoneal lavage with imipenem, ceftriaxone and ce-
fazolin significantly reduced adhesion formation by
comparison to the other groups. Control and isotonic
saline groups showed similar distributions. The most
adhesions were present in the metronidazole treatment
group (p<0.001).

Statistical evaluation

Chi-square tests (likelihood ratios) were used to
assess differences in mortality, adhesion, fibrosis, and
inflammation grades. One-way ANOVA following
Tukey’s test was used for evaluation of tensile strength
of the adhesions. Differences with a value of p<0.05
were accepted as significant.

RESULTS

Ten rats from Groups 1, 3, 4, 5, and 6 died (n=1, 2,
1, 2, 4, respectively) on the postoperative first and sec-
ond days. Autopsy was compatible with peritonitis in-
cluding findings of dilated bowel loops and large vol-
umes of peritoneal fluid in all animals. Although the
highest mortality was seen in Group 6, the differences
did not reach statistical significance (p=0.180). These

F
.

Fig. 2. Dense adhesions between abdominal organs and ab-
dominal wall in an animal in Group 6.
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mortalities were excluded while performing other
statistical analyses. Distribution of adhesion grad-
ing scores among groups was significantly different
(p<0.001, Fig. 1). Peritoneal lavage with imipenem,
ceftriaxone, and cefazolin significantly reduced adhe-
sion formation compared to the other groups. Control
and isotonic saline groups exhibited similar rates of
adhesion formation. The most severe adhesions were
observed in the metronidazole group (Fig. 2).

Mean and standard deviation values for the break-
ing force of adhesions between organs of the study
groups are shown in Table 4. The differences were
statistically significant (p<<0.001). In paired compari-
sons of the groups, Groups 4 and 5 were significantly
different from groups 1, 2 and 6 (p=0.037, 0.026, and
<0.001, respectively, compared with Group 4 and
p=0.025, 0.018, and <0.001, respectively, compared
with Group 5). Although imipenem treatment did not
result in significant improvement compared with the
control and saline groups, the improvement was sig-
nificant when compared to metronidazole. Fibrosis
and inflammation grading scores among groups are
shown in Figures 3 and 4. Fibrosis scores were sta-
tistically different between groups (p=0.013). Sig-
nificantly decreased fibrosis scores were observed in
the imipenem, ceftriaxone, and cefazolin groups. The
highest fibrosis scores were seen in the control and
metronidazole groups. Although the distribution of
the inflammation scores were similar (p=0.058), grade
3 inflammation scores were only seen in the control,
saline, and metronidazole groups. Imipenem, ceftriax-
one and cefazolin groups showed no inflammation or
moderate inflammation scores (Fig. 5).

DISCUSSION

Adhesions remain a major clinical challenge with
serious complications including chronic pain, bowel

Fibrosis

0.00
01.00
m2.00
6 m3.00

Wil

Control

Count
N
L

1
Isotonic Imipenem Ceftriaxone Cefazolin Metronidazole
saline

Fig. 3. Significantly reduced fibrosis scores were observed in
imipenem, ceftriaxone and cefazolin groups. Highest
scores were seen in control and metronidazole groups
(p=0.013).
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Table 4. Breaking force of adhesions between organs
according to study group

Group n Mean+SD

Control 9 0.2222+0.0565
Isotonic saline 10 0.2250+0.1136
Imipenem 8 0.1838+0.1185
Ceftriaxone 9 0.0778+0.0417*
Cefazolin 8 0.0663+0.0443*
Metronidazole 6 0.3583+0.1801
Total 50 0.1820+0.1321

p<0.001; Cefazolin and ceftriaxone significantly reduced tensile
strength of adhesions when compared to control, isotonic saline and
metronidazole groups. Although, imipenem did not show significant
improvement relative to control and saline treatment groups, the dec-
rease was significant when compared to metronidazole.

obstruction, or infertility. Some patients require repeat
surgeries to address these complications. The duration
of surgery, previous surgical history, peritonitis, bowel
perforations, and emergency surgery increase compli-
cation incidence. Surgeries of the colon and rectum
are associated with increased risk of adhesion-related
problems relative to surgeries of the small bowel, ap-
pendix, or gallbladder. Intra-abdominal infections
and subsequent peritonitis are associated with fibrin
deposits, which may cause clinically significant ad-
hesion and abscess formation.!'*! We used the CLP
model to simulate this clinical situation. No systemic
antibiotic was administrated in our study in order to
specifically evaluate the local effects of the antibiotics.

Adhesions are formed when the peritoneum is dam-
aged and the basal membrane of the mesothelial layer
is exposed to the surrounding tissues. This injury to
the peritoneum causes a local inflammatory response,
which leads to the formation of a serosanguineous,
fibrin-rich exudate as part of the haemostatic process.

Ulus Travma Acil Cerrahi Derg

Inflammatory response occurs simultaneously with
the activation of the coagulation cascade. This activa-
tion results in thrombin formation, which is necessary
for the conversion of fibrinogen to fibrin.l'>'% Fibrin
fulfills a temporary role in tissue repair. Resolution of
the fibrin deposits is essential for proper restoration
of preoperative, non-inflamed conditions. When fibrin
deposit persist, fibrin provides a matrix for invading
fibroblasts and new blood vessels, and the deposited
fibrin becomes organized, permanent adhesions, char-
acterized by the deposition of collagen and vascular
ingrowth. The degradation of fibrin is regulated by
the fibrinolytic system. Inflammatory mediators play
an important role in this period. Several different cell
types, cytokines, coagulation factors and proteases
interact in biochemical events and control the adhe-
sion formation process.!'”! Early fibrinolysis, within 5
days of surgery, decreases adhesion formation. If early
fibrinolysis does not occur, the temporary fibrin ma-
trix persists and gradually becomes more organized
as collagen-secreting fibroblasts, leading to adhesion
formation.!'#!] Intra-abdominal infections severely
disrupt fibrinolysis, as evidenced by the high levels
of plasminogen activator inhibitor in peritoneal tissue
and fluid.% Peritoneal injury caused by bacteria re-
sults in accumulation of an inflammatory exudate that
leads to fibrin deposition, resulting in fibrinous adhe-
sions between adjacent organs.! In addition, invasion
of fibroblasts at infection sites leads to deposition of
collagen and subsequent formation of permanent fi-
brous adhesions.?*

Peritoneal lavage in the treatment of intra-abdom-
inal infections is widely studied but its benefits are
unclear. Although lavage is generally considered a
safe procedure, there are some objections to its use.
Ability of removing bacteria from the peritoneal cav-
ity and serving as adjuvant substance of peritoneal
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Fig. 4. Although, the distribution was similar between groups
(p=0.058), grade 3 inflammation scores were only seen
in control, saline and metronidazole treatment groups.
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Fig. 5. Florid fibrosis and grade 2 inflammation with giant cell
formation in an animal in the metronidazole treated
group.
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fluid itself for defense mechanisms are the major
origins of the objections. The ideal peritoneal lavage
solution should be highly effective, with no mortal-
ity, and result in low incidence of adhesion formation.
[23-231 To date, there is no universally accepted method
for peritoneal lavage. Some researchers have dem-
onstrated that peritoneal lavage with saline, antibiot-
ics, or fibrinolytic agent solutions does not influence
outcome following laparotomies for peritonitis. Other
reports indicate that peritoneal lavage promotes adhe-
sion formation, as opposed to reports that suggested a
preventive role for peritoneal lavages in adhesion for-
mation.[?528 Antibiotics can exert their anti-adhesive
effects by inhibition of synthesis or expression of ad-
hesins on the bacterial cell surface, or modify bacterial
protein expression in such a way as to interfere with
the ability of the microorganisms to approach recep-
tors on animal cell surface.® Sortini et al.’”) compared
the efficacy of peritoneal lavage with chlorampheni-
col, clindamycin, piperacillin, tobramycin, ceftriax-
one and imipenem-cilastatin to saline, with adhesion
formation increased in study groups. Jallouli et al.”
used rifamycin for peritoneal lavage in a peritonitis
model and demonstrated significantly reduced adhe-
sion formation and higher survival rate. On the other
hand, in the study by Rappaport et al.,!*! cefazolin and
tetracycline irrigation increased peritoneal adhesion
formation in the non-septic abdomen. We evaluated
cefazolin, ceftriaxone, imipenem and metronidazole
for peritoneal lavage in a peritonitis model. These an-
tibiotics have clinical efficacy against a wide variety
of organisms, including gram-positive aerobic cocci,
gram-negative aerobes and most penicillin-susceptible
anaerobes. Ceftriaxone has enhanced activity against
Enterobacteriaceae associated with hospital-acquired
infections. Imipenem is particularly important for its
activity against Pseudomonas aeruginosa and the
Enterococcus species. Metronidazole is a nitroimid-
azole antibiotic used against anaerobic bacteria and
protozoa. These compounds have wide area of usage
in daily general surgical practice for both prophylaxis
and treatment, with a low side-effect profile.[3%-3%! Peri-
toneal lavage with imipenem, ceftriaxone and cefazo-
lin significantly reduced the adhesion formation rela-
tive to the other groups. In addition, adhesions were
weak in cefazolin and ceftriaxone groups, with signifi-
cantly reduced adhesion breaking force by compari-
son to other groups with the exception of imipenem.
Fibrosis scores were also significantly reduced in the
same groups. Although the inflammation scores were
statistically similar, control, saline and metronidazole
treatment groups exhibited the highest scores. Cahill
et al.’¥l demonstrated that enteric bacteria and their
antigens stimulated subsequent adhesion formation
after laparotomy. Differing from epithelial restoration,
mesothelial regeneration after injury represents a form
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of secondary wound healing, and such reparative pro-
cesses are markedly influenced by bacterial contami-
nation. Gut-associated microbes and their antigens (in
particular endotoxin/lipopolysaccharide) may directly
induce a peritoneal inflammatory reaction through ac-
tivation of resident peritoneal cells. Cephalosporins
and imipenem induce cell wall synthesis disorders in
bacteria, fimbria loss and a decrease in the expression
of elements responsible for adhesion on the surface of
bacterial cells.** Adhesion is considered to be the first
step in the sequence of events leading to colonization,
and is an important determinant of virulence and sub-
sequent infection. The effect of antibiotics on adhe-
sion may be strain specific and various antibiotics may
have varying effects on bacterial adhesion properties.
1351 We hypothesize that the higher adhesion rate in the
group treated with metronidazole was the result of the
overgrowth of aerobic bacteria, especially gram nega-
tives, rather than a direct effect of metronidazole itself.

In conclusion, according to these data, metroni-
dazole should not be recommended for peritoneal la-
vage. Cephalosporins seem to be effective in prevent-
ing adhesion formation in septic abdomens and should
be evaluated in a clinical trial.
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