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" SYSTEMIC SPREAD OF INTRAABDOMINAL INFECTION VIA =~
* TRANSDIAPHRAGMATIC LYMPHATICS: EVAL UATION WITH SERUM -
. ENDOTOXIN AND CYTOKINE LEVEL IN RATS. .
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OZET Kariniigi infeksiyonun sistemik yaydum, cerrahi-pratiginde stk g&rﬁfeﬁ vé_hayatl_tehdft_ eden bir dummdur Bfuf cahsmada,
- deneysel peritonit esnasimdaki septik cevap olusuinunda lenfatik sistermin roliinit aragtirdik. Calisma esit olarak ii¢ gruba ayrian 30
fat izerinde gerceklestirildi.. Grup 1, “sham® laparotori. Grup 2, gekum delinmesiyle. peritonit olugturuldu. Grup 3, lenfatik

U agizlanni fibrotik reaksiyonla trkamak igin bir tabaka sentetik materyal diyafragmarin abdominal yiizeyine yerlestirildi. Al hafta

- sonra dnceki gruptaki gibi peritonit olugturuldu. Cekum delinmesinden altt saat sonra, histopatolojik incen'éme._peﬁ_t_an SIVISE ve
kainn mikrobiyolojik: analizi, ve plasma-endotoksin ve serum tumor nekroz faktérii (TNF) élgiimleri icin. drnekler toplandz.

Bakiteriyel peritonit giup 2 ve 3'teki tiint 20 siganda meveuttu. Kon kiltiir sonuglan 2. gruptaki 7, 3. gruptaki 2 sicanda pozitifidi

U =0.035). Sirstyla grup 2 ve 3'teki plasma endotoksin seviyeleri 8.3 ve 1.8 EU/ml (p <0.001), serum TNF seviyeleri 432 ve 129 pg/uil
- {p<0.001) dlciildi. Diyafragmia abdominal yiizeyindeki lenfatik agizlarmm tkanmasi, deneysel peritonit esnasmdaki septik cevap.
. giddetini anlaml olarak diisiirdii. Sonug olarak, bakteriler ve endotoksin periton boglugundan organzmaya lenfatik kanallatla

e hizla yayilmakea, ve karinici infeksiyorian-erkei. déneminde ciddi septik cevaby uyarmaktadir. Karmigi inbfeksiyonun sistemik .

U yayilimimida lenfatik sistenin mijor ol vardie: i

o Anahtar kelimeler: Peritonit, diyafragma lenfatikleri, Eaﬁteﬁyemi, end.d.t‘a.ffsér'ﬁi; TNE

- SUMMARY Systemic spread intraabdominal infection is a common life-threatening condition in surgical practice. In the pré:s:eﬁt' :
stidy we investigated the role of lymphatic system in the occurrence of septic response during experimental peritonitis. The study
- wirs carvied out ori 30 rats equally separated into three groups. Group 1, sham laparotomy. Group 2, peritonitis was induced with

o cecal puncture. Group 3, a sheet of synthetic material was placed on the abdominal surface of the diaphragin in order to occlude

i Iymphatic openings by 'aﬁbfausréaction. After six weeks peritonitis was created as in previous group. Samples were collected six.

' Z_.'h_b_urﬁ'_aﬂe_l."_cde'cal' puncture for: histopatological examiriation, microbiological analysis of peritoneal fluid and biood, aid .

- weasurements of plasma endotoxin and serum tumor riecrosis factor (TNF) levels. Bacterial peritonitis was present in all 20 animals.

o grouips 2 and 3. Results of blood cultures were positive in 7/10 rats of group 2 and in 2/10 rats of group 3 (p=0.035). Mean.
. plasma eridotoxsin levels were 8.3 and 1.8 EUfml, and mear serum TNF levels 432 and 129 pg/ml in groups 2 anid 3 respeciively.

" (p<0.001). The occlusion of lymphatic openings oi the abdominal surface of the diaphragm has significantly rediced the intensity.

. of septic response during experimental peritonitis. We conéluded that bacteria and endotoxin have prompily disseminated from the:
peritoneal cavily through lymphatic channels, and induced severe septic response in the early period of intraabdominal infection.
' Thelymphatic system has a major role in systemic spread of intraabdominal infection. AT
.+ Key words: Peritonitis, diaphragmatic lymphatics, bacteremia, endotoxemia, TNE

The systemic spread of peritoneal infection is always a life- the bloodstream worsens the fate of such- patients.

. threatening condition urging to emergency interventions. Bacteraemia and endotoxemia lead to significant cytokine

- UDissemination of bacteria and bacterial celt products to release called the septic response. Recent studies: have.

B R A TSI PN TR PAL LT : : demonstrated that lymphatic system is the most important

© . * Haydarpasa Numune Hastanesi Genel Cerrahi Klinigi, istanbul. route from the peritoneal cavity to the blood. Eighty

L ¥ Abant 12zet Baysal {Iniversitesi Diizce Tip Fakiiltesi Genel - percent of peritoneal fluid is cleaned by diaphragmatic

" Cerrahi Anabilim Dah Diizce, Bolu. fymphatics [1-3]. 1t has been shown experimentally that

. Yangma Adrest: Dr. Giinay GURLEYIK blockage of transdiaphragmatic lymphatic absorption
o l}agdat Cad. 330/15 Erenkdy 81070 ISTANBUL - reduces the mortality from peritonitis [2,4]. The presence .

24




- After six weeks, pentonms was created by caecal-puncture_

" aginthe previous group:: : S
.. Collection of samples: Samples were: colEected x hours
- after the.induction of peritonitis.or sham laparotomy All -
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of bacterial cell products in the blood;. stich as endotoxm :
creates more severe systemic response than; do bacterla
itself, which is designated by over, expressron of cytokmes _
In this study, we aimed to rnvestlgate transdraphragmatlc_
transport.. of . 1nt"ected _peritoneal. fluid by [Iymiphatic,
channels, . and . the development of bacteraemra

endotoxemla and septic response : :

MATE RIA{. METHOD : -
The study was carried out on 30 Wtstar—alblno rats'whlch_
were equaily separated into three groups.. :
Group I.: General anaesthesia: was. mduced w;th ether
Abdommal cavity was explored through a mldllne mc1s1on
which was then closed with 3/0'silk runnlng suture, o
Group 2 : After anaesthetic thh ether, the: abdomen was
opened. with a. midline: incision;: the. caecum, was then.
perforated with the tip ofno 11 scalpel and. the abdomen
was closed with 3/0 silk running suture.
Group 3 : Six weeks before the experiment the rats were
operated. on. General. anaesthesia. was : induced wrth
ketamine 100 mg/kg mtramuscularly (Ketalar Parke- Daws
Eczacibas, Istanbul), The abdomen was explored through
a midline incision, A sheet of polyester {(Mersilene). mesh
was placed on the abdominal: surface of the: daaphragm o
block lymphatic. absorptxon by a fibrous: reaction.. The:
mesh was sutured. with 5/0 polyd:oxanone (PDS Ethlcon)_
on' the abdominal® surface of the dlaphragm
- abdominal incision was closed with 3/0 silk running suture.

animals ;. were - anaesthetised. with . .an’; intrainuscular.
1njectlon of. ketamme 100 mg/kg To.. obtaln ‘blood
abdominal aorta was dissected through a. m:dllne
Eaparotomy,anda20Gcannula was:nserted R

taken from the pentoneal cavrty with sterile dry cotton-

tipped.swabs,.and 0.5 mi: blood was, drawn:from: the
abdominal aorta. Spectmens ‘were. transported to ‘the
laboratory. -

Plasma endotoxin concentration was measured in I ml oF -
blood that was drawn from the abdominal aorta and mixed -
in a sterile tube with 100.1U. of hepanne (l_lquenune j
Roche), Plasma was separated rmmed:ately and frozenat-. "
70°C until processed semi-quantitatively: usmg leulus:.

amoebocyte, lysate (LAL). test. (E- -Toxate, Srgma USA)
Endotoxin level wasexpressedas EU/ml. e

. Serum Tumour necrosis factor alpha (TNF) concentrat:on
was measured in 1.ml of blood that was.dra
abdominal aorta and Serum.was. separated

using., TNE
nnmunoassay) Serum TNF level was expressed as: pg/rnl

. Animals, were kllled with..an overdose of. ether The
dlap_hragm were removed .and .. e_xa.m.xned__,_for

histopathological changes secondary. to: the  mesh;’

from the :
_medlately

and frozen at -70°C until processed with: ELISA method '~
EASIA. (enzyme . amplified: sens1t1v:ty L
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depending on the formation of fibrous bands and the
number of fibrous bridges between the liver and the
diaphragm..

Data are presentecl as mean and standard devxatlon and
statistical analysis was made with Student's t test: and
Fisher's exact test, as appropriate. P less ‘than 0. 05 was
accepted as significant. o :

RESULT . : Lo o

All animals. were allve six. hours after cecal puncture
Macroscop:c findings were as foltows at relaparotomy In
groupl; No gross: changes In groups 2 and. 3; purulent
exudate due to intraabdominal infection. In group 3; firm
adhesions hetween the liver and dlaphragrn secondary to;
the prosthetic  material., Hlstopathologlc examination.
showed strong ﬁbrous reactlon in all animals of the group.
3. Aerobic culture of perrtoneal fluid and of blood was-
sterile in group 1. We determined intraperitoneal bacterral
growth in all animals of groups 2 and 3. M:crobes mostly
encountered were gram-negative aerobes such as.E. Coll,
Klebsiella and proteus. Results of mrcrobrologlcal analy51s
of blood showed signifi cantiy less positive blood: cultures
(p<0 0035) in_group 3 when compared with: group 2
(Table 1). Mean plasma endotoxm and . serum TNF levels

Table] Results of mlcroblologlcal analysrs posrtwe
aerobic cultures, - e R

Noof rats l_’_e'r__it_o_heal fluid . :Bloo'd

Groups ..
2-Peritonitis . R ' I 10
3-Lymphatic occlusion 10~ 10

*p=0.035 (Fisher's exact test)

were significantly. different beetween two groups with - -
peritonitis, in .favor. of: the  .group::3.in which .
transdiaphragmatic lymphatlc absorpt:on was occluded by_;' S
fibrosis (p<0 001;Table 2) i :
DlSCUSSlON : : o
Many studies have: pomted out absorptrve functaons of w
diaphragmatic: lymphatic: channels. Peritoneal: ﬂurd s
cleared mainly through multlple lymphatac stomata on the By

Table 18 Results of plasma endotoxm and serur.n TNF
measurements. BRI DN

Endotoxm Lo

Groups _No of rats
. Ehb e (EU/rnl)
2-Péritonitis” QT TR R R

T8 ST

3-Lymphatic occliision 107 badLias s
i e SPE00T T T pL0.00T

*p between groups 2 and 3. .- s s
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abdominal surface of the diaphragm [1.2;3 56} [n a' '
previous study we demonstrated éxperimentally t_[_ne totef
of lymphatic system on systemic effects of peritonitis, with

changes of body oxygen kinetics [7]: Iri the present study

we have investigated the rolé of lymphatic systemon the -
transport of bacteria and bacterial” products from the :

peritoneal cavity to the blood.

Our microbiological analysis showed that gram negative:
bacterial peritonitis was achieved in all animals w1th Ceca! .
puricture, Peritonitis secondary o ceca] perforat:on isi
rapidly fatal in rats, and half of the animals die within 12'to"
18 hours after the outset: of infection [8,9]. We collected’

samples- at 6th hour after”the induction of perltonms
before fatal outcome. Iii order to determine the:role of
lymphat:c system on- the’ dlssemmatlon of per!toneal
infection, absorptton of peritoneal fluid has'been blocked
with various méthiods: We aied to block this lymphatic
ahsorption by msertmg braided synthetic mesh that would
cause a fibrotis reaction between the liver and dmphragm
Qur hlstopathological findings " conf'rmed that thls
reaction was achieved in the groap 3. :

Results “of  blood - cultures in  groups 2. ahd” 3

demonstrated that the occlision of” transdmphragmatlc“
absorption significantly rediced bacteraermia ‘secondaty’

to intraabdominal infection. Dumont et al [4]have also
reported that the blockade of the transport:of microbes by

lymphatics reduces significantly the results:of: positive:

bload cuiltures, Detection of living bacteria in lymph of the
thoracic duct 6, and in blood 12 mmutes after Inoculatlon
of bacteria into the pentoneal cavity, -confirms ' the
importance of the transport. of peritorieal fluid by
lymphatic system 12,3]. Mlcroorgamsms in the pentoneal
cavity and in portal venous cnrculatmn are under rolof
host phagocytic cells and” of ‘the retlculoendothelxal

systent. Microbes can bypass this phagocytic activity by -
entering: the circulation”directly’ through: the lymphattc'

chianinels;and thereby create bacteraemia. - :
- Baeterial - cell” products (eig: endotoxm) have been;

accepted as main factors responsible from septic’ effects:

during gram-negative bacterial infections. Endotoxin can
gain access to the systemic circulation and-activate: a
generalised host response. to the infectious events.:Our
findings of severe endotoxemia six'hours after perforatton

of the cecum showed that bacterial cell)prodticts promptly.

disseminated from the peritoneal cavity to systemic
circulation - even- in - early-period-of . intraabdominal
infection. Lundblad [9] and Eskandari [10]::have:also:
reported that plasma endotoxin amount téachies to its
peakievel four to eight hours after caecal puncture: In” the'

present study the occlusion of lymphatic openings on the

abdominal surface of the diaphragm has. reduced.
significantly plasma endotoxin level. Signift cant dlfference
of  plasma endotoxin. levels between’ groups 2:and 3
revealed that endotoxin was transported intensively by
lymphatic system from the peritoneal cavity-to: the blood.

Recent reports have pointed out that in theearly period of
hacterial peritonitis, very high endotexin levels has been
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detected in the lymph of the thoracic duct. A fistula of the
thoraci¢ ‘duct- draining lymph flow, has significantly
rediiced the intensity of endotoxemia [11,12]. The amount
of endotoxin that is transported by the portal vein never
excéeds the filtrating capacity of thie rormal liver.-High
endatoxin deaning capacity of the rat liver, reported f¢'be
1.5ug/ g liver per hour-[13]:- Microbial- cell products
bypassing the hepatic filtration system by reaching the
blood circulation via Iymphatlc system can e]evates plasma
endotokinlevel. - -

Systemic response created by bacteria and its products is
called septic response which: reférs to "a’conditionof
systemic extention of a* process beyond the local focus
[14,15]. In our study, the induction of septic response due
to the dissemination of intraabdominal infection’ was
reflected with serum TNF levels, the most known cytokine
which is a mediator of systemic inflammiatory response.
Serum TNF levels in groups 2 and 3 showed a close
parallelism with plasma endotoxin levels. Both plasma
endotoxin ~and - serum TNF levels  were significantly
elevated ‘after peritonitis, and reduced with the occlusion
of - lymphatic- absorption. Our results showed: that
endotoxemia; in the early period of intraabdominal
infection was mainly due to the transport of endotoxin by
lymphatic system, and the intensity of septic response was
significantly reduced by the blockade of the transport by
lymphaticsystem.

In-conclusion;  our results of bacteraemia - and
endotoxemia showed  the detrimental effects ¥ of
transdiaphragmatic absorption of infected material from -
the peritoneal cavity. The transport of microbes'and ‘their-.
products by lymphatic system increased the’ mten51ty of
septic response. The septic response could be reduced by :
occlusion of lymphatic openings on the abdommal surface
of the dlaphragm ' : :
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