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Does laparoscopy increase bacteremia and endotoxemia in a
peritonitis model?
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Abstract tality [6]. But there is still some theoretical concern that
Background:Laparoscopy is increasingly used in patientspneumoperitoneum may cause enhanced bacteremia and ¢
with intraabdominal bacterial infection although pneumo-dotoxemia due to increased intraperitoneal pressure. On
peritoneum may increase bacteremia by elevated intraalfew and even controversial data exist from experimenta
dominal pressure. studies which have investigated the effects of pneumoper
Methods:The influence of laparotomy and laparoscopy ontoneum on bacteremia and physiological changes durin
bacteremia, endotoxemia, and postoperative abscess formgeritonitis and sepsis [2, 4, 8]. Furthermore, peritonitis wa:
tion was investigated in a rat model. Rats received intraperaot caused by different bacterial species but by intraperito
itoneally a standardized fecal inoculum and underwent lapneal inoculation oEscherichia colialone in all studies.
arotomy 6 = 20), or laparoscopyn(= 20), or no further Thus, it remains questionable whether laparoscopic sul
manipulation in the control group(= 20). gery may be harmful in patients with diffuse peritonitis.
ResultsBacteremia and endotoxemia were higher after lapSince there are to our knowledge no studies which hav
arotomy and laparoscopy compared to the control grpup (compared the influence of surgical intervention on early an
= 0.01) 1 h after intervention. One hour after intervention,late outcome in peritonitis, the influence of laparotomy anc
aerobic and anaerobic bacterial species were detected in thaparoscopy on bacteremia, endotoxemia and postoperati
laparotomy group while only anaerobic bacteria were foundntra- and extraperitoneal abscess formation was invest
in the other two groups. Although bacteremia and endotoxgated in a peritonitis model.

emia did not differ among the three groups after 1 week, the

mean number of intraperitoneal abscesses was significant
higher < 0.05) after laparotomyn(= 10) compared with
laparoscopyrf = 6) and control groupr( = 5). A standardized fecal inoculum of human stool was chosen for this stud:
Conclusion:Laparoscopy does not increase bacteremia antecause it produces a nonfatal bacteremia after intraperitoneal instillatic

intraperitoneal abscess formation compared to Iaparotom';z rats [10]. It further has been demonstrated that inoculation of heat
in an animal model of peritonitis fnactivated stool suspension did not cause intraabdominal peritonitis in thi

model. Therefore peritonitis was caused by bacterial infection and not b

Key words: Laparoscopy — Peritonitis — Bacteremia — toxic noninflammatory effects of the stool suspension.

Endotoxemia After stool injection, rats were randomized into three groups (group I:
laparotomy; group II: laparoscopy; group llI: control group). The hypoth-

esis of the experiment was that laparoscopy with carbon dioxide leads ft

enhanced bacteremia, endotoxemia, and development of intraperitone

; ; ; bscess formation. The endpoints of the study were perioperative chang
Laparoscopic surgery is currently performed for benign an(#] bacteremia and endotoxemia and the incidence and number of intrape

malignant intraabdominal diseases. Some authors reported, .1 anscess formation 1 week after intervention.

successful treatment of inflammatory processes like appen-

dicitis, Crohn’s disease, perforated peptic ulcer, or diver-

ticular disease [1, 3, 9, 11, 13]. Furthermore, laparoscopié\nimals

surggry appears to b(:j' feasible in p_atlentS W_'th a-bdom'naéixty male inbred 2-month-old Wistar rats (Charles River, Sulzfeld, Ger-

sepsis without increasing postoperative morbidity and mormany) were acclimated to a climate- and light-cycle-controlled environ-
ment for at least 7 days prior to investigations. The animals were allowe:

— standard laboratory food and water ad libitum. All studies were performec
Correspondence toC. A. Jacobi under protocols approved by the local committees of Animal Use and Care
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Experimental course and operative procedures positive blood cultures (n)

All animals were anesthetized by intraperitoneal injection of pentobarbitaP0
60 mg/kg under sterile conditions. It was verified by a chromogénit
ulusamoebocyte lysate assay (Whittaker Bioproducts, Wakersville, Mary-15
land, USA) that pentobarbital did not contain endotoxins. Stool suspension
(1 x 0.5 ml/kg) was then intraperitoneally applied transcutaneously undef0
sterile conditions in all animals. The rats were randomized into three dif-
ferent groups. A 10-cm midline laparotomy was accomplished in the first 5
group fi = 20) and the abdomen was closed after 30 min. In the second
group, pneumoperitoneum was performed through a Veress needle with —

insufflation of carbon dioxider( = 20) at a pressure of 10 mmHg over 30 1h after intervention 7d after intervention

min. The control groupr( = 20) underwent no further manipulation after
stool injection. Blood samples were taken from the femoral vein of the rats & laparotomy laparoscopy I control

ig. 1. Incidence of positive blood cultures after laparotomy= 20),

and placed into sterile heparinized vials (pyrogen-free) before, 1 h, 2 an%
aparoscopyrf = 20), and control groupn( = 20).

7 days after surgery to determine endotoxin levels of the blood by using
chromogenid_.imulusamoebocyte lysate assay. Microbiologic phenotypi-
cal identification of bacteria in the blood cultures was performed before, 1
h, and 1 week after stool application. The animal underwent laparotomy on

postoperative day 7 to determine the number and location ofintraperitone%f bacteremia increased after laparotomy and laparoscoy
abscess formations. Abscesses were excised, analyzed microbiologicall(\é, d h | 0.001) (Fia. 1). Th
and confirmed histologically using HE stains. Additionally, microbiologic ompare tO_t _e con_tro group_@ . ) ( '.g' ) ere
analysis of peritoneal swabs was performed to evaluate the difference/aS no statistical difference in bacteremia between al
between intraperitoneal and intravenous bacterial species on day 7. groups 1 week after fecal inoculum and surgical interven
tion. Positive peritoneal cultures did not significantly differ
_ . _ _ between laparotomy (20/20), laparoscopy (15/20), and cor
Microbiological analysis trol group (18/20) at the end of the experiment.
) ) ) Qualitative microbiologic analyses have detected 42 dif-
The microorganisms were grown on chocolate agar (Tryptic Soy agaterent pacteria in assays of the human stool inoculum
supplement with 10% defibrinated sheep blood, heated for 10 min to lvsis of th | taken f he | . f th
80°C), blood agar (Columbia agar supplemented with 5% defibrinatedAna ysis of the SIOO taxen rom the mtgstlnum of the rats
sheep blood), Endo agar, and Sabouraud agar in an aerobic and anaerobidve found 35 different bacterial organisms.
atmosphere. The phenotypical identification of all strains was verified by  Sixteen different species out of human fecal inoculum
testi_ng the carbohydrape_ fermentation reaqtions or by using pommerciallhnd rat stool species were detected in blood culture an
ﬁva"able oty a)Ct'V'ty and fermentation tests (APl BiorkA®,  ,oitneal swabs with different distribution between the
Urtingen, Germany). . .

9 y three groups (Table 1). Five of these bacteria were not foun
in fecal inoculum but in stool of the rats. While rats in the
laparotomy group showed both anaerobic and aerobic ba
teria in blood cultures, aerobic bacteria were not detected i
Plasma was separated from blood samples by centrifugation atg3z200 blood cqltures af_ter |apar05C0PY_ f’md in the_ control group
4°C for 10 min. Plasma samples were diluted tenfold and heated to 70° after intervention. Anaerobi8ifidobacteriumspp. and
for 5 min to eliminate endotoxin inhibitors. All samples were stored in 2-ml Bifidobacterium adolescentigizere most often found in
pyroge’}'fdreef p°'ypr°p>)"e”e screw Cf‘fp “Ijbesl (Sarstedt, Numbrechty)nn4 cyltue 1 h after intervention in all groups. Although
Rommelsdorf, Germany) at —85°C until final analysis. L )

A chromogenicLimulus amoebocyte lysate (LAL) assay (Whittaker the number of positive blood CU_|tures decref_ised on postoj
Bioproducts, Walkersville, Maryland, USA) was used to determine endo-€rative day 7, various anearobic and aerobic bacteria wel
to_xin s;r_um Ievcl-:ils; ?QI of e_Iach plasma s?mpl(e a?d 0 of LéAOL \évere detected in all groups.
pipeted into wells of a sterile microtiter plate (Falcon No. 3072, Becton Microbioloai nalvsi f ritoneal flui 12
Dickinson, Lincoln Park, New Jersey, USA). After incubation at 37°C for diff ¢ fb 0 09. ca aftys? o p? to ea_ uid d_eteCt?td |
10 min, 100l of chromogenic substrate (Acetyl-lle-Glu-Gly-Arg-p- Irerent organisms a er apar_o O,my' nine species after lag
nitroanilide, 1.6 mmol/l) was added. The reaction was stopped byu100 aroscopy, a.nd only _e|ght species in the Coerl.grOUp 1wee
of 25 % (v/v) acetic acid after 6 min and absorbance of each well wasafter stool inoculationE. coli and Enterococciwere the
meaESUJetd at 425 nm ;V'thta m'CTOPt'att? readffd L 025 05 075 ang 108t frequent species found intraperitoneally in all groups

ndotoxin standards at concentrations of 0.1, 0.25, 0.5, 0.75, and 1. ; ; - :
U/ml were prepared frork. coli0111:B4 (Whittaker Bioproducts) and two .?hese species .Showed only in part COInCIdenC.e with orgar
blanks were performed in parallel with each test. In this assay, 12 enddlSMS detected in blood cultures on postoperative day 7.
toxin units correspond to 1 ng & coli0111:B4 lipopolysaccharide (LPS). No animal had endotoxemia at the beginning of the
experiment. Plasma endotoxin levels increased within 1 |
after stool inoculum in all group$& 0.01) (Fig. 2). Levels
Statistics were higher § < 0.01) in animals after laparotomy com-
pared with laparoscopy and control gpt h after inter-
Data are given as mean and standard deviation. Data between groups wefention but were not different during the following postop-
compared using a Kruskal-Wallis test for continuous data and Flsher’%rative course. Endotoxin levels already had reached the
exact test for categorical data, if appropridRevalues less than 0.05 were . b.l h after i . in all foll d
considered significant. maX|ml_,|m pe after intervention in all groups fo ovye
by a slight decrease toward the end of the observation ©
day 7.
Results No animal died before scheduled autopsy 1 week afte
stool inoculation. latrogenic injury from insertion of the
Bacteremia was not found in any animal at the beginning oiVeress needle or from abdominal incisions did not occur ir
the experiment. One hour after stool application, incidenceny animal. Intraperitoneal abscess formation was con

Measurement of endotoxin blood levels
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incidence of abscesses (n) endotoxin (units/ml)
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Fig. 3. Incidence and organ distribution of intraperitoneal abscess forma
tions after laparotomyn(= 20), laparoscopyn( = 20), and control group
(n = 20) (asterisk indicatgs< 0.05: laparotomy vs laparoscopy vs control

Fig. 2. Endotoxin level in blood after laparotomwn (= 20), laparoscopy
(n = 20), and control groupn( = 20) (mean and standard deviation,
asterisk indicatep < 0.01: laparotomy vs laparoscopy and control group).

group).
Table 1. Bacterial species in blood cultures and peritoneal ffiids
Blood culture 1 hour Blood culture 7 days Intraperitoneal
Human
feca Rat Laparot- Laparos- Laparot- Laparos- Laparot- Laparos-

Bacteria inoculum intestinum omy copy Control omy copy Control omy copy Control
Aerob gram-negative

Escherichia coli | | | | + + + +++ -+ 4

Proteus mirabilis O + ++ ++ +
Aerob gram-positive

Enterococcus faecalis | | | ++ + o+ 4+ -

Bacillus spp. O + + +

Staphylococcus aureus | | | | + + + +++ +

Staphylococcusoag. neg. O +

Streptococcus viridans O + + + +
Anaerob gram-negative

Bacteroidesspp. | ] + + ++ ++

Bacteroides fragilis | | | + + + ++ + ++

Bacteroides uniformis | | + + +

Bacteroides ovatus O + + ++
Anaerob gram-positive

Prevotellaspp. | | + + +

Clostridium perfringens O + +

Propionibacteriumspp. | | + + + + +

Bifidobacteriumspp. O +++ +++ ++ + +

Bifidobacterium adolescentis[] +++ ++ ++

2Key to symbolsl: detected in human fecal inoculum and rat intestinimpnly detected in fecal inoculun®: only detected in rat intestinum; +: 1-3
positive cultures; ++: 4—6 positive cultures; +++: >6 positive cultures.

firmed in all rats after laparotomy, in 15 of 20 rats after Discussion
laparoscopy, and in 18 of 20 rats in the control group 1 week
after inoculation. The mean number of abscesses in eadmaparoscopic techniques are sometimes utilized in patien
animal was 10 + 6.2 after laparotom§ + 5.1 after lapa- with diffuse or localized peritonitis. It has been demon-
roscopy, ad 5 + 4.8 in the control group and differed €  strated in prospective randomized trials that laparoscopi
0.05) between the first and the two other groups. appendectomy is superior or at least does not differ com
The localization of intraabdominal abscesses also difpared to open appendectomy in terms of postoperative con
fered p < 0.01) between the groups (Fig. 3). In the lapa-plications, hospital stay, and recovery [1, 11]. Urbano et al
rotomy group, abscesses were most often localized at thieirther demonstrated that laparoscopic surgery of perforate
peritoneal surface of the liver, on the bowel surface and th@eptic ulcers is simple, rapid, and followed by a quick re-
abdominal wall. Interenteric abscesses were only found irtovery [13]. In contrast to these results, Eypasch et al. re
five rats after laparotomy and did not occur in the two otherported higher morbidity after laparoscopic treatment of per
groups. In laparoscopic group, abscesses were increasindigrated peptic ulcer than after a conventional approach [5]
found at the peritoneal surface of the bowel and the abdomiAlthough the reported results may also be influenced b
nal wall while in the control group abscesses were mostelection of patients and experience in laparoscopic tect
often found in the omentum majus. niques, it is hypothetical that continuous elevated intraab
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dominal pressure promotes bacterial translocation and thusacteria in the laparotomy group. The enhanced perioper:
increases postoperative septic complications. This is sugive strain during laparotomy is confirmed by the signifi-
ported by experimental studies which showed an increase icantly higher number of intraperitoneal abscess formation
the extent and severity of peritonitis as well as bacteremién this group.

after perforated peptic ulcer and laparoscopy compared to Nevertheless, perioperative treatment with antibiotic
the control group in a rat model [2]. However, the data ofmay reduce the differences between the groups. Therefor
experimental studies regarding laparoscopic surgery durinfurther experimental and clinical trials are needed to analys
peritonitis remain controversial. Eleftheriadis et al. [4] havedifferent adjuvant therapeutic strategies in this model.
demonstrated that elevated intraabdominal pressure (15 In summary, laparoscopy does initially increase the in-:
mmHgQ) leads to intestinal ischemia, to oxygen free-radicatidence of positive blood cultures compared to contro
production, and to increased bacterial translocation in ratgroup in an animal model of peritonitis. But endotoxemia
while Gurtner et al. [8] did not find an increase of bacter-and the development of intraabdominal abscesses are r
emia or endotoxemia after pneumoperitoneum of 12 mmHgncreased by laparoscopy compared with the control grouy
in rabbits. Unfortunately, laparotomy and laparoscopy werdn contrast to this, laparotomy significantly promotes tran-

not compared in these studies.

sient translocation of aerobic and anaerobic species, end

In the present study, a nonfatal peritonitis was inducedtoxemia, and development of intraperitoneal abscesses cor
stimulating the clinical stiuation with intraabdominal pus, pared to laparoscopy and the control group.

abscess formations, and positive blood cultures of different
bacterial species. The spectrum of bacterial speéissh-
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