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Severe intE~,a":'Slb.d~?minal i·l/l-rSc.rt-;6n (lAl) carries s, hiSh
"

mor;ta 11ty,,, of such radical

p~rit.ovea.l debrid$ment, continuQus pos't-operat'jva 1avaS<9
r ,

and local', irt'tra ....per+~oneal. inst.i nation of 2Nti-biotics

have not improved Slw"v;va\l ~
.'l -,

To date the r'on demandti
' teh~paf!'\'jtomy is the approsch used

by .most surgeons but. even this method has produced

c:!isappointiog cl inic$l r,asults.

l'hi,$ study tested the efficacy of planned r'e-1001-\,
la.parotomy in a controlled situation usins an
experimental rat, m<~del. Th$ study involved introdtu.:dng a
conf.rollsd septile <;tnal1ange into the psr"itoneal cavity Of
known volumes of Humanfaec~s. The test dose of this
septic challenge Vias astermined in the first phase of tbe
st;udy. The t~st dose \t~asfound to be 0.4 mQof innoeu1um
Which producect a morta1ity .ate of 80%. The second phase
:.of the study involved e groups of rats rec$.iving (a)

trradtft.t.ed faces (col1trol group); (b) innoculum and
'immediate arrtibiotios; CcJ inrtoculum and antibiotic: 5
hours 1ater; (d) innooulum and th~n washout of the
pek;ii1torleal ®vi.ty ~'1it.h sal ina 5 hours later: (e)
.infH')cullJm th~n washout of the peritoneal cavity and
antf~'ld~i~ 5 hours 'later (opert:\'Ceand observe group) and
(f) )h(fl~;)cu'lum, washout or the peritoneal cavity and

r, ~nt1biot!\ic 5 hour"'S'..1ater and then a rslool< laparotomy at
24 houf':s\ll (Pl annsd relooK: hrparotomy group).

()



SUf'V; vors of the fi rst. four groups of rats \IJOni~

eutha,nased at th~ end of seven dayt; and the survivors of

the last two grouPS after two months. the variables

melis'wist! wert:: surviva.1, body mass and the number of

intra-abdomiha1 a:bsCeS$9S formed.

The res!;J1t$ sf.owed that an "opera;te and C'b$erveu p.ol icy

gave the best overall results in terms of survival,

cata~ol'ie f~sPbnse to itrFection (bQdy.mass) and number of

intra-abdomi nal abscesses. Planned re leak laparotorn}r"

policy Save reSUlts which were 'nS).~...~tatisticiall¥!

sigrdfici<antly <:Iifferant from this sroup, and thus relo01<.

1apa;tatomy does not conrer any additional benefit.

The group treated with antib:lotic$ had ,the lot.>Jest

mO.rta1i ty rate and the 1eae,:c loss of body mass 1 .Jut

dave] oped intra-abdol1d na:l aoecl$$ses.

The highest, mdrt~lity rate occurred in the group

r$ceivins wushout only. However the washout I!..Hdreduce

the m.lmber 01" intra ....abdominal ~bsoesses formed, and the
{.~
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post-operative ~are. Yet tite fYlanagementof SElvere int.,ra-

(: ~t#hiftominal infection (IAI) 'does not seem to have kept pace
,c, j

,'!"{ith these advances, Cu'rren,t: st)f"Gl:c~l treatment of tha
r«'r> , ' ,
,pr\vb1em remainp di,slippointing an <1 its as~tjci""'~d

Ii " '1} (l}ffiC?fl.talit:t c.' rat's is .un~cq~:1't;,ablx:,;,hi 9h\ • This
-, ' - '!),;/ _ ct. _\;:" '

{;;:'~i$S~1ijjSfaction,tas ~t'imula:t~,di*l?dqminal surgeof)lp to seek
if ",'" "J If " , , " ','

if ",:,r; 1lj~~ectjV"1iial.ti~.sor t':""J!Itm';n~; Amo~\*these rawer
mOr!al1~\\':e~is the p,larmed, re':"looK ,3aparot6l'l).Y J a proc'adure '

o "which ~~s not b,~en analY$.(1d sYstemati;ca11y., The aim Qf
'\" (," ,( II

I-~ •

'\.' thi~ $t,w.:f¥~ tc; eV~luate the' efficacy of tbis modal ity

, of ~tre'atl'n~~t"i ri' the "manage~en; ofZsevere ;ntr~""abd.ofuina1

, infection irt ~ corrtrGl1:Sd' 1abetratory s~vironment usins an
..- ' -I) ':.~ c. ,i ;;:,~' - 'Q \) \( '.>

~y')';'':.,::::<", ,) - - :,' 1}' (f,~ '''I. (\

',~,:>,"_~xperimental ra.t \~,~~1 ~'.
. :~'<s

1

CHAPTER ,~"

,
, ' \\' ,

1 • 1 UJTFhi)m)\CTION ',

co;;'

AJi>aomiriiii surgery has sesn Jl1any recent advance! r in
(! s

sVrsi'i'cal -:,techniques, more string.snt indicat;\.:rhs for
() j\

surgery~ better id;en,tification of subgroups r,equiring

surgerY, bettJi?r anaes,t,hesta and antibiotic~ and better

I:::' /1 ()

i)

il

~'- " ,.
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'1.2 REVIEW. OF THE LITERATURE

Intra-abdomin.al infection (I,A.!.) in humans occurs as a

~ie$ult of the release of endogenous gastro-intest.inal

flora into the peritone.al cavity. Infection may follow

perforation of a part I,.Jf the gastro-intsstina.', tract, for

exampla a perforated peptic ulcer or perforated colonic
diverticulumf Perforation after blunt or penetrating

t;f"aumaand anastomotic le ,ks arter surgery. It can also
occi;;JI" \dth primary intra-abdominal infection such as

pancreatic sepsiS.

'fha ,.spectrum of clinical presentation of 7I:.A.I is large.

At. one ~nd o·f '~hespectrum, a healthy individual with a

localised perfor~tion of the appendix; at the othAr endr
irlrtre-atldominal infection overwhelms the patient's

Jility to oontail"l itt re-sulttng in overwhelming, diffu~e

and often latbal '!leritonitis.. It is thi~ latter group
~bich persists and doeS not loc~l iza,' despite

e6nvent.io$~al support.ive and opera:tiv~ maasures , that

,1Olo!$e$"thr~ real 'threat to the ~atien''c .and the real
eh<ill1ense to the surgeon. Pat'tent $lWV iva 1 depends 011 the
$tli'"u9sle batwe~n the ht:st I'S peri toneal and system; c
~ESf~,ncs~~n'::th~ ons hand and the nature ~ vol ums and

"'I
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1 .2 .REVIEW OF THE LITERATURE

Irrtra"'abdominal infection CLA.I.) in humans occurs as a

.reASult of the reJea.se of endogenous geJ.stro-intestinal

flora· into th(~ peritoneal cavity. Infection may fo11QW

p~"'f()ration of a part or the gastro-intestinal tract» for

example a perforated peptic ulcer or perforated colon'tc

c;l'ivert;cMlum, perforation aft.er blunt or penetrating

trauma a11da.nastomotir; leaks after surgery. It can also

occur with Pt"imary intra"'abdominal infeotion such as

pancreatd c saps is.

"rhe spe.c1i,rum of c1inioal presentation of LA.I is large.

At one ~nd of the spectruJlr, a he.'a1thy individual wi th a

loaalised perforation o:f the appendix; at the other end,

intra"'~PdQmhlal infection overwhelms the pat;ent~s

abt11ty"to coht;;tiH it, resulting in overwhelming, diffuse
.'a.nq, , often ,lethal l'eritonitis. tt i.s th'h? latter group

1,,\' .

whi oh pers ;'sts and does not 100al1 za,' despite

Oonvent 'lonal suItJP(~rtiva!· and ~pe ra.t oj Ve measures, "t\hat

POSC!:'l.sthe real threat to the,. pat; ~nt and the real

.ohal iemSe to the $~irgeQP~Pa.tient surv.iva.1 dependson the

stru9~J~' b):l:tIN'.<7,~niith~ host J $ peri toneal and systemi c
f(~ II '.

defenos$ 0,11 th~ One fiand ~nd tha nature; vo1ume and
?,' " II . \\

. ,.

virulance Of the' ~or'l,t?l.mineJt~ion on the other. If intra-
.c, u' <:"_~,

';:iabdominal $~psis prosres~es 'multiple organ fai1ure
.},

rtlanifes'ts its'alf allo vdth ..'it the. chance of survival

decraase$t3) "
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Three orgari failure per'sisting for longer thai'" thrse days

oarr; ss ~ 93% mortal ity(4} .

Recognition of the nature and severity (Zf this problem

has resulted in a number of modal ities of treatment ~eing

tried.
i

Earl iar promisins me'l1hot;i$ like. radical peritoneal

lavage{D} (7) have not reall~1 helped in the treatment of

severe IAJ. Local intra-peritonoal installation of

. various anti"'biotics and anti"'septic ~olut;ons also have

not improved patient survival(S}"

The "on demand" re"'look laparotomy ;s the pref6,rred

management po 11; ¢Y Pract, ised by many SLH ~~ons ,.,hen

confronted with severe :rAt. The prinCiple criticism of

this method is that it rel ies on the appearance of

clinical signs of residual intra ...abdominal infection and
of the deveiopmE~nt of multiple ai-gan faillJre(9} as the

pritt~ipla i ndi cat~rs TQr Turther surg; cal intervention.

This pol icy has also been disappointing as a method of

treat.merlt.nO)!11) •

one of the I<ey IS1bll'lIents ; n treat-'j n9 seVere intra-

al::n::fominal -inf~ction 15 early di8,gnosis. Pitcher and

Nusk~r(t2j recQ~niF(;H,i this and idsl"Itified factors

respon~i.Q1 fa fur d$l ay and hence increasaa mort:.al ity.

Ths,se wera·~.'"

- i a prolcmged p~r1od of ob$ervation
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fruit.' ess attempts to try and confirm the pr'asenee

of aevere IAI usins ancillary studies

the opinion that the patient Was too sick for

sUrgical intervention.

To try and overCOme this problem of de' y t~e concept of

staged p lal'lned re-look 1aparotomy was introduced{1S). The

~dea behind t.his seems logical and attractive - why wa't

for seve re oj ntr'a-abdomi na1 infect ion to manifest "t.se ".f

locally or system'icall y? Rather operate before multiple

organ failure begins! In this method the septic abdomen

is re-explored every 48-72 hours until it is

macroscopicallY c'lean$ pus loculations are removed,

slough debrided and residual sources of soi 1ing deal;:',

with a'S ,~eemed necessary by the surgeon at the time.

Toeether wi th pl anned re 1oak 1aparotomy the concept of

open ma.na9~~mentof tA"!~ infected abdomen has devaloped~

:whereby th~l abdomen is not closed betwe~n re ...look

1~pard't~omiS$. The interest and hope generated by these

heW modali t i~s of treatment is ref' ected in incnaas in9

humbers of reports (!3"ff~) ed'itorialsU6,29) and reviEW]

art i¢les(21~O"'321'.

y~t the $u~\~N~on','emaim~ 1.anc~r~ain about the merits of
_1'" \~~\'~ .. /-<~~;:"':1 .. __ ,,' ,~,_.",:, ,~':. _' .\

tl;lis newer .,m.6oal1ty of trea~mant, and a number of
1\ ,. ,_/

l::It.,IElsti on$ need
~\

be answered before it can be accept~,d.
i;J

1\ .
\'.\

"



a) OO~$a .policy of re-look laparotomy imp-rove surv;va',

compared to c(Jf'lventional treatment'?

b) Does relooK laparotomy reduce the ca(tabolic rE~SpOn$e
to infection'?

e) Does ralook laparotomy decrease the l1:Jmbl91'" of intr"a-

abdominal abscesses?

The difficulty in answe'ring these questiol"Js Hes irl thr~e

areas.

i)

Firstly, no controlled randomi.zed trials have> been

pG('formed '. Secondl y, pub1 ished s.Jiri ss suff~r from thei r

" retrospective nat.ures, lack of precise defil'l.itilpn of

sel'fa¢tion cH"itaria, imprecise or different defll1itic:ms'of

the $$v~rity of sepsis and itnadeqMater ps:tient

stra:t.ification(15,21) • Publ iShed stud; as deal wi th pat",l ants

suffering f·r$iri a wid~ spect "urn of lAX and receivi ng

n1ult.i-f:ac~ted and compl~}( tr~atments. Moreov\~r~ the range

of disease' f;)rOC$sses in wh,!lcn reloo~i laparotomY has been

used i IS 1arse. 'staged 1'1annad re;..lpoK 1aparot,pmy has ~)een

used 'Por ~ir:~t tfme peritonitis e"g. perfori~tEld pep'tic

ulo~ra or sppendioitis as we11 as ,post-opstaJr,ive iand',_ ., o -, , ' " '.'

c pan<irea.,tic sepsi~r(ollg;19'1PI~'~J2(iJm;~"When.,a treatment hlOda-1 ity
o " ': t .,', "

, is usefj for, sOch a wi ~~ spaeth-un pf disease' it i$ var'S'
" " ","- , ' !,' 11 ",~,;'

difficu'1t to de~ide \1h~fcI3type~ of :tAl are bested suited
, , (:_,JL. "~._ !) -: Ii

,; for 'thi,$u nldoality~'of,'::~t~laatmerrt:. $Tt1Ce the resul i;s ~~re ali1
'I

, . . ". 'I '
pooled. It is'0wt;lll Rnowl~ that di'cTuse fa.ecal per'itc.?\nitlis,~

'f'

, ~o~:t;"Q'P!9ratiVlfJil'peri~,o~~i~ti$ dUe to anast.omotic d~hi~~esno~\
II

f, ,i!
, n ii

11
II
'f '
If

(/
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and panoreat; 0 sepsi s ate assooiated wi th the hi snest

mQrtality(34) cornpared to firs'c time peritonitis(l}"

Thirdly, since planned re ....looR laparotomy is now UP<eQ in

conjunction with "open manasement" 'Of ..the septic a.bdomen

it is very diffiCUlt, if not impossible, to .sepatate

these two mOdalities ; n order to 9.~uge thei r respective

mer'; t$11~,1g,19J2h25,26f33J 1 - although they are synergistic

rather· than antagonistic. One O.T the studies which has

at t~mpted to ISspe,rt;:.te these types of tr.ea.tmsnt· is the

study by $cheintm who SUbmitted twenty-two patients to

planned rs ....1001<, laparotomy for severe. tAl. of these

tWetlty""tWo, thi rteen had the abdominal wall closed

between Taparotomies. in nine patients the abdominal wall

was left· open and covered with Marlex Mesh. El$v~n (.')f the

first sroup (85%) survived ~"hi1e only four of the second

group r4490 eUr» ived , A flaw in thi s study, howsver ~ wa~

tn'at patients in the S9COtld group were si(;lker and thus

could be expected w haVI;)a lower survival than patients

in.ths first group.

The value and place or re-look 1.:ma.rotomy will depend

therefore~. 0.1"1how well the qW~$tions asked earlier in

this chapte,t" can be ·answeted" Tn!;! most important questi··on

is Whether relook laparOtomy improves survival. Oata from"... " <., .. :. :...: ....' .. .. .. " .. ""

human studies. ar.s e.Quivod,a1. Firstly there are very few

$tudie$ 1=I~Plish~d,Wh1chu$ed p1anned 1"$-1001< laparotomy
H

r<
,~l·~ne as. the on'ly component of these nswer .rtlErt.hods of
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treatment. Sacondly the results are variable. Pennickx(13)

pub 1ished. a r·etr-ospective· study of forty-two patients

with seVere lAl in which he compar.ed a conventional "on

demand'~ re--look ltl\parotomy group arId £'i s.taged planned re-

look laparoto~y group. eotn groups included pati¢nts with

p.rimary and secondary infection. 1'he mortality of the "on

demand" group was 13.% as aga.inst 36% for the staged

planned re-look laparotomy group .• He rapor-ted .0, negative

re ....look laparctomy rate of 33% in thi slatter grc(JP.

Interestin91Y~ fewer patients with tbree or more orgal1

failure died in the planned staged ts-look laparctomy

group (42%) than in the "on demand" group ($0%).. This

study seemed to support planned relock. 1aparotomy; but

looking critically at the paper it i$ not obvious what

the critsria were for submittir.s patients to staged

p1anh~d re"'l aptwotQmi as ~ Whi le the two I~roues seemed. we11

ma1J,chedin certain respects, information waS laCking in

critical areas 1 name;1y, whether 1:.he groups Were

cOO1parab1"e in terms of t.he cause of $el~sisj the severity

of contamination a(lo t.he time del~y before treatment.

'these factors affect the prosno.sis.

111 another study reported by Teiqhmanl14}, sixty-one
; .' .. '..:i

.patients with s$V$re :tA! resulting from post."'operative
,'" ',.. ',(.'

rate was found .to be aa. 9%,' and np di/iff~)!"'e11be$were found

between thO$'~ ·vrith. PO$~....operritdve :c!kl ahd lAX resLlltir>9
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treatment. Secondly the results ,are vadable~ Pennickx{l3)

pub1ished a retrospective study of forty-two patients

with severe rAl in which he compared a conventional "on

demand" re-loak 1aparotomy Sroup Emd a staged p1anned re-

look l.aparotomy ~Iroup. Soth g·roups includ.ed patients with

primary and secondary infection. The mortal it)" of the "on

d'.JMand" group \-vas 73" as agaii1st 36% for the staged

planned re-h ~ : laparotomy group. He repar-tad a negative

re-look 'j'aparotGlmy rats of 33% in this latter group.

Interestingly, fewer Patients with three or more organ

failure died in the planned staged re-look laparotomy

group (42%) than in the "on demand" group (80%). This

study seemed to support pTanned ra look 1aparotomy , but

10ol<i.ng critically at the paper it is not obvious what

the criteri a wers for subm; tti n9 patients to sta\ged

plart.l'led ra-laparotomies. VJhile the two groups seemed. well

matched i t1 oerta in respects t informa tion was 1ack ing in

dritJoal areas, namely, whethsr the groups wete

compar'abl~ in terms of the eause of sepsiS, the sever'ity

Qf con.(\amination .a,nd the time delay before treatment.

These fl$\ctots affect the prognosi s-,

\1
tn anotrl,~r study 'reported by Tei chman(t4) 1 $; xty-one

patients ~ith ~:ev~re IAl resulting from poet-operative

ar,r,;a$tomot~\c lea~~$and from spontaneous per'foY'$.tions, viera
" /i\" II,

c_'1U"mit~(f"to Pl4ntled r,,~look laparotomies. The mortal ity

rat? was f1U~di;o be 22. 9!f, an(l no differences were found

bstl~een'( tQ~~se \\Ii~th P6$t~operative 'lAX and 11\1 resu1ting- !_I
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from spontaneous perforation. This study hOlfJ~\n~r had no

control group.

A b$tter study than reicnma.n' s is that of Andrus ~t

al(15). Andrus' study was not randomi zed but consisted of

sevent'y ....seven pat; ants with s~ware lA! from Spot'lta-meous

and pi;)st-operative intestinal perforation both of the

small and large bowel, as well as sepsis from other

sourcas, Patients were divided into a ncontro'" group of

forty-three patients Who had no plannlSd re-look

laltlarotomy follow; ns the; r i~it; al abdomi nal Emp1oration

and a s~cond group of thi rty-four patients all (.If whom

had aplann®d re-look lapa.rotomy" Patients were closely

matched for C\\ss,sex, aetiology and source of sepsis and
for acute phy.siolo9ica.l score (which cort"S'lates closely

o . _ .with mortality)" This' 91.udy showed that
- _there was no differsncG iin survival between the two

,.
// I

srolJPs irresp$ctiv~ of,the severity o,f the aoute

. ph~f.p1Qlo9ical $coh~.
r;

the effect of plann$d ~ew.1ook laparotomy: on survival
I'

, ,_,,' ,-, I

than -the re~ults in p~tient.s more than s:~venty years
()- "_' - ,,'j .-,-,-' .

olri-:, operated "on once ~kd then ob$etv~J~•
.' - \- .' :' ' ."~, . ' .;,'-

pat tents wi tt'l poer4-6perat, ve tAr Who had· planned re-
" ,~J_ .i: ~ i-: 'I, C - " ,",

looJ< 1a.parotomies' had a iSSa survival as compared to
1~,-~.;.'

45S~ survival-- rate 1.1n'a 'comparable grotl~1who did not

haVe pianhed ra':"look o~;er'ations. ThUS:! a poHcy of
, ' .: .' " ~;
pla.nhed re-look' laparotomy did not appe~r to improve
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overliil1 survival. The significance of this finding

is tha.t patients with post-operative 1A1 H.:'~ebeen

r~co9ni4ed as a.l1igh risk group and: as such may be

a group to berH~fit from a policy of planned re ....look
laparotomy.
there was no signifi cant difference between the two

gl"O~~pSwhsn upper gastro-intestinal, lower gastro-

intestinal and non gastro-intestinal sources of

irrtra-abdor(rinal infection were compared in those

having and not having planned re-look laparotomies.

This fact, is again surprising as patients :rlith

faecal per~tonitis of lOwer gastro-intestinal origin
i.

are a.~so fl~lt to be a high risk group .and may bE~a
"

group; to benefit from planned re-look. laparotomy.

Andrt,.Is7s study can be criticised because the "contiro'l "

SiJroup was not at real control group but a choice of the

sl..lrgeon, and,;because of the r~lative1y high number of re-

1aparot~,m;i es {if the cpntra 1 Sf71?upwhi ch may have masked

the effects of the planned r~-laparotomy group.

rreCluen't,{'e-oparations also carry the problem of repeat.ed
} J _, u ,_ _" '

ana~~tbetiGs" ~r()E1res$ive oedema and macer-at; on of the
'.'an't-erior abdominal wall. T.h~,re ;s also the danger of

cawsi119 f istu 1aa as oedematc u~'). •nd adhes ive bowel is
,~,' .

In \rirtlf~'llY all cot.her PUbli~hed series ($e9 Table I)

pl,annatJ re;'#''1oo« Japarotomy has been used in conjunction
\j
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with open mal,agement. ·of the sepi~ic abdomen•. These are

comp1ementary rather than oppc)sin9 methods. Merely

leaving the abdomen. open is im:~ffectjve. One s!,udy(2)

showed a. drop in morta 1ity from 616% when the abdomen was

left open post-operatively, tl::> 30% when systematic J

f'egular» re-operations were don~~. Open management of the

sep.tic abdomen neverthel$ss does have some attractive and

practical advantages.

a) faoi 1itates the drainage of intra-abdomi na l and

infective potentiating a~ents

materia1.

~ike necrotic

b) causes 1aSS pu1mona.ry comprc:~mise bscauee no attempt

is made to return distendled loops of oedema.tous

bowel to the peritoneal cavity in order to cIoae the

abdorninaJ wall.

c) does pr(;;!vent oeo'ema and macer'ation of the abdominal

Wan associated )lI(ith multiple closures.

aut it dOE:S have pC!t~mtiaJ cOh,\l;catiol'ls 1i1<' ..tid Joss,

fistulae, evisceration of abdominal ecn+ , and large

incisional hernias.

When $t;a9$:~ planned re+Iook 1aparotorl1iss and open

'management are used together then i'l:: becomes very

diff1cult to evaluate the st~aged re"'look laparotomy

q·tunponent of the treatment.
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wi tl1 open management of the septic abdomen. These are

complementary rather than opposing methods. Merely

le~ving the abdomen open is ineffective" One study(2)

showed a drop in mortality from 6~% when the a~domen was

1eft open post-operat iva 1y , to 30% when systsmattc,

regular, re''''.operations were done. Open management of the

septic abdomen neVertheless does have some attractive and

practical advantages.

1t:-

a} facil itates the drainage of intra-abdominal and

infective pC'Jtentiating agents like necrotic

fTllll.terial.

oj causes less pulmonary compromise because no .':;lttempt

is made to ret\..lrn distended loops of oedematous

bowe1 to the i!',eritoneal ca.v; ty ;n order to close the

abdominal wallO{
c) does prev$nt oed~maand maceration of the abdominal

wall associ~ted with rnu1tip1e closures.

But it doeS have pOrtent:ial complicat~ions like fluid lossJ

fistulae, eviscerat.ion of abdominal contents and large

ihcisional hernias.

')

t1Jhsn staged planned re- 1ook 1aparotomi es and open

management are used together then it becomes very

difficult to evaluate the sT,aged re-look laparotomy

comf1pNsnt of the treatment.
·'1

/l
(,~

"
\~
\\
\\
i!
'f i:
~,' ,
::-;~
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Table 1 shows the mora.l tty rate from published series

when open management was used ; n cord I.Inction wi \:.h p1~lnlled

te"...7ook laparotomy (*) or with "on d~mat"ld" re-loo.~

1aparotomy {-I-hIt is noticeable that mortal ity rates

vary greatly and overall do not shoW a signifieant

survival difference for a ~lar~ned re-1001< laparotomy

policy as opposed to an "on damand1 re ...1001< laparotcmy

pOli<:Yt taking into aocount thfft opan mana9~mel1twas used

in both groups. If the mortelit"i~s f·ol" the two groups are

;.l.Veraged out, they are 28.,1% for the "on demancf' grcup

(121 patient$) and 30.7% for the plannad group (105

patients). Also. n'oticeab3e 1s the wide Variety of

conditions'cfot Which the procedures Were u::;ed. This faqt,.

'tmder-Jines 'again the diffioulty in trying tCf evalua't~a1, ' . - '_'

these tr€dtment modalities.

In summary the 1iter·a.ture d09$.onot offer any concl9J$i'f~

e~·1denl;.il to suggest" a real .be,nefit or a (Jolicy Qf re-1ook
""" ' (

laparq;t0my" in tl, ms of improved mortal ity. Although

Penni~ikx'S.c data(131. suggest tha,t planned re.,..look
, ' 11 < '-' ( ) /_~ " ; ",

1! - .

lapar<.1ltomy is better the" on demamt re-lq,?k; '~'na:rot¢my,
;! - t,' - r; _ .~,

'Andru$;'$ paperOS) shows nO such DenefJt. i'eichman's
! '

$eril7J;{1~L aJthoUgh .i~,thas $., ren~~iV'$JY low marta1 ity
,j, ' c_ , j!,",

rateLn~as lino control. group fot~ comparison. Al1 these
(' it fi':''"'
I, "

fla.ws}mak~.it difficult c:to draw t';:rm conclusions.; '"\,,-_ . , ' . )~"" '..'

Simil~~rlY, "~~;::;~l:lo)imin Table 1 f if ~\)e tries :to separate
;, ""~."' ,,-:i_~_"<) ;';'\ ., ">'_:' ,

the ~erie$ in~;·q:ps~ ,man'agement plus plan!t~'t.; re-lo~k
1"

.: c_<J apadbtorny
'_~,r,

,.-f

"1"- I



TABLE I

AUTHOR NUMBER
OF

PATIEN1',,j

12

MORTAt.lrty

----~------,-~------~--------------------~---------
-:. Duff &. Moffat( 11}

*" Gori$(20)

+ Wouters(23l

+ Broome at a.lt21}

18

/26

20
30

I.A.S: (10- & 2°) &. P.S.
I.A.S. (29) & P.S.
I.A.S. (1 .. & 2°)

I.A.S ..( 1• & 2· ) & ):).1"';.

+ Maetahi and Trob0 Ita) 13

::t Anderscm et al(t9) 20

>'~ Pembfyrton at a1(25) i7

* l-iedderich e~ al'(3I~). 10

~~Warthe'hoer & Norri $(26)10

* Mughal at al(22) is

KEY:

i.A.". (1· Be 2·)

I.A.B. (1- , 2") & P~S.
P.S.

PolS.

LA.S. (2·) & P.S.

I.A.S. I:ntra-abdom1I1al sc[,e;s dwa to leakage of

ho11ow Vi$¢e raJ contents

:::.: Pancreat.h:l s~p$i$

+

open management and planned re look

1aparotomy"

Open management and demand re 1oox

--
\,\ >laparotddly

Primary leakase O'i hollow visceral
"

Ii conte'1ts
::

II

L.eakage of hollow vi sce ral contents

seeondarly to ~m~,stomotic break dovln from

"previoue $urg~ry or septic complication

":::C~'·Fromprevious surgical intervention.

:)

38%
50%
.20%

47%
7%

60%

~8%
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verI?" \$ ol'sn management p1 us "on demand" 1"'9-100K

laparotomy, then by eli m;nat ins the commonfacto r of open

managementOne woulc hape to be It.tft with two comparabls

sroups" Unfortunately 'the mortal ity f;gul'''es vary so

widely and the spedcrum of' tA.l being treated is so wide
that little can be ooncluded from t,h~sa data either.

In add; t ion to the qlltl)st; ens lUl1ioh are the subject of
tnis repol"'t, soma other questions neeel to be asked. These

a.) . What categories of SeYel"'S l.AJ.should a pol icy of

planned re100k laparotomy bs·used for'?
b) Canpl':'l.rmad relook 1aparotom)l reverse mu1t,iP1a organ

failure?

c) Does planrled r€\~{",ol\ laparotomy j\~stify the,

complic~tion$ and tlsgatiye re-e,<plora~ion rata?

\look laparotomy does not hava a rc~le in the who1a

$pectY'~~M,of S~V9re lAl~' "that there \41C')uldbe subgroups in

th'l s / spectrum that would b~ne'f'it from th is mere
.,

,. as~·rsa~ive fcftm of t.herapy" Tne most logical ~Iubgroups
! ,.j 'I

wrjuld be thOse that oarr"y the highest risk ih terms of

tl'H~r'ii;ali1~Y. ~oth $cheih(36) and Mugha1(2H have ~suggastQd

that these would be $,'ev$i"e :tAl due to faecal per'itonitis~

breakd()wn of surgiQal anastomos~s and pancraat'ic sepsis

whioh carries .~ mort~11ty of oval" 60%.



In the 91"'ouP 'Of post.-operative lAl th€:'w$ seelns to be no
,~ ,

.goo<ievidence that a policy of r~"'look laparotomy with or

wtthout opsh man~g~menthas had any dramatic impact on

progn}i)sis. SChein(9) found a mortality of 55% in his own

series .. in this swbsroup or patierrcs, most of them dyir\g

'trom multiple organ failure despite routine ra-

'1a.parot.omies anCl pro'longed stays in the IYltensivE7 Care

Unit. :[,~may be tbat these tadical mechani'tl1almethods t.O

dsa.11t:ith $ever~ intra'""abdom1nal 'infection al"'s either too

1~t~1or i.naPRj'"opriate" Certainly, in Schein's series(91
,"",

t,{1emortaltty in this .group was far higher in patients
//.,' _-,- ",' ' ..'- - - '. ,

'that, wer"s j",£ITerr<$)cfrom. outside Ylo$pitalf~ where there ha.d

be~t?na delay in eli agnos; s and treatment, (61%) than in

patients th;at developed intra-abdominal infeotion in his. ~ . --,

hospita,' (25t~). This tands to support the concept 'r"hat

e;artY'deTinitlve, drainaS9;jOf in:l:,rfl.-fl~dominal infection is
. I: II

,cri~ical fo,\: survivlfl',.:'

'l'h$ avera9~\ msrtali:',ty rOj'" patients suffering from post-
, ,I j,

t! '
operative "irrrra.,..~t:)bominI1l1 infeatiofl .and treated by

. i'

i (, P1allned 1"$""1oak 1apardtomy wi th or W"1thout open
" ':, e ~ ':'. :

(, \\'m,anagemen~ i'~' ''''H~"(2,O-eJ.~%)I9l.,:Mortt'll ity rates for the
u _:_--_ ") _ _-. " . ,:'"' '".',' ,

. "sam~ogroup' treat.e:p~J:·)y con;~entional methods is betv/een ?IO-
n ,) ,- _' '() -~'~-.. . '-'

, ", 1'S%m ~ :T~U$ t';-l ook· 1apal"QtomY does not seem to have
" ,'" - -\:l ,,' - ,

'h~dU!,ed ~orta 1/~ty "j n th subs roup of pat iante and its, ' _' 'li
,:1 ,< I.-

role 'mu$t."'~Jf.llin· doubt.c-; "-,
v, '

(\

\,
I
j

14

o
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!rlfe~,:te.('l pancl"l!;atic 'necroSis seems ideally suited fot"

,this fp·rm of treatment Since it allows frequent

inspeetton i debridement and r~rnoval of pancr$~ti c and

:,~f{~~ncre~tic .SlbUsfy.

areatS)' > reported a tti(.)rtali ty rate of 14~a4\) using

,1Frequi;n1t re"'explor~tlon$ Tor this form of il:l'cra"'abdo.rr:ina1

intect ion Good i"$su1 ts have b~en repol·t~d by other

...~rOUP$(2S,,26h,!$ins '~hi$ Method. aut $ohei 1"1(-31and othersm131l

U$i11.9....tH Iile';hloda 1i'by ..of tree. tment have not. b~en ab 1a

r~pl~Q~, . th$$~ resu 1te .

D~cl"'ea$.~,d;morif,~1.1ty·· .r.ates halve a1$0 be!$in r~port$d by

, gro!AC"~ us'ins
rlra\,Ma2er.S8 ,99.•40)

lavagG{4.f,.42} "

In ~, Qolle:.cter! ,r;"etie!s of 113 patients .suffering from

debridement and

at'\d d.aRri deril~mt

catheter

P?I'lct'eat.ic ir!'faction and t,rc;;tat~d b~ theJ$.~ net4Jer

aggressive methods Sohein(9} flo~II.l\td a morta.lity rate Of

~6%. Simi la-I'"mort.al ity rates (a~~%) Wers also aChieved by

t:l oseot nlanagtall'lent modaJ.i ti (;$(3a"42). rhus 'I t i$ not poss' ~l'e

to $ay that fre\1u~nt re lCIt.':H<1aparotom~ and open

management has been shown to be the superior treatment

modality for itrera"'abdomil"lal infection due to pancreatic

Th$ third high risk group is that. of faecal peritonitis~

The 'hishest mortality is f'olJ.nd in not1"'localiz.sd Torms of

f.ae~s.t-.peritoniti$ following ooH,mic perforation. One of

the pr<>blems in tryin$ to assess It;)ubli$h~d reports is the
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lacJ< of dsfi,nition of what cCl'n~titut$$ senera.1ized or

loca1ized. peritonitis and what constitutes purulent or
0' ".

faecal,,, peritonitis. The im~.ppropriata inc1usion of

p~tients with localized or seropurulent peritonitis and

abs,cesses 1'1'1 stud;e~ of diffuse faeca1 peritonitis means

that mor~ality rates era reduced because these patients

have a more favo~r.a'Ol(~ pro~mosi$H3,).
'..:; :~-..,

)

In a collected series of ,262 patient.s with generalized

faecal and purulent pe.ritol'litis secondary to ,diverticular

disease" who were 'created by conventional resection

(wi th-out anastomosi $) - the mortal ity was 12. 25,,(43)•

:tn another serie,? the morta1 ity rate followl'ng sigmoid

t4e~9ct;on or .e>(tetiari.sation for faecal peritonitis wasc'\',' , \' _-', - - ,

21%(44). BakI~arl~5} 'r~~ported a 37% mortality for perforated

divertic~lar di sea~~e of unde.scrib~H;1SeVer; ty treated by

Hart,mann's procedUI"'9. '00 the 9ther hand \Atalsh(45} rspotted

a mortality rate ci.'f (H~) in patients with faecal

peritonitis treated with open managemsnt and planned

relapa.r'otomies. seheinW reported a mortality rate o.f 14%

1n a simi 1ar group of pat'j ent,s t.r~l.\i;ed in the same way.
/. '- ::. ' \' - j

A 1though',.) eons in! 9) be1'ieves that a po 1icy of P1anned

1"'$ look laparcr1!.omy in patil~nts with diffuse faecal

peritol1'ltis .:is benefioial ,x feel that this may b$

unnElH::essari1y aggressive 5i nee it has been shown that a

s.im~lar mo.rtality/i rate can be aoh'it;))vedwith c.onventionl;t'l
.. ,,'

mG'chod$(43) •
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The second questi'on to be answered is whether a pol icy of

planned rs1oQI< laparotomy;s able frO address the problem

of multiple organ failure.

Intra""a~domihal sepsi~ is the mos't common caLIse of

,multip1e OtHgan faflure(m. In Schein's' saries(Sl mu1tiple

c1"'£1an fai lure was ,the cause of death in Sn6 of
'.

mortal ij;jss deapit~ routi he re look 1aparotomies until«> ,-;",.-

death. 'r~is s)(perience ~s shared by Norton(41) wrio showed

that in' most patients organ fai1ure persists despite

eradication of intra-abdomina,1 infection. Th;o$does not

seem to be" influenced by :I;he number, 1ocatic:m or
II' '."' ,
b~ai::iter'; 0109 ica 1 character ist ios
II '

1~he numpsr of re-explorations.

'J~xperie~ce wit:h intra-abdom'lnal

of the abscesses' ~r by

SurgElons Nno have some

infection are only too

TF1,lni,j iar .wi ttl the picture of
, .

macroscopi call y c1ean abdomens f well contro 11ad gast,"'cl-

;inte~tinat fistUlae and on appropr1ate anti,..biotics arid

nutriti,onal support1 'initially seemina to do well only i~o

die from prd9re$siv~ or$an fai lure initiated arnd

sustained by immunological failure, opportunistic gf",t
'1 • ,. ." -/f,-

il'lfect.ion and the "L O...U. > anv; ronmant(48). The curremt

eXplan,?ltion of this problem is that it is caused by a

I:.rreakdown/oof gut barrier function(49).. ihe SLIt is a source
.-, ,..,1

of pathogens a",d' in ~ritically ii1 surgical patients

Dacteri a cross the" gut mUC~S!~iito reach the portal venClus
" ., _, J '\ i: ,

and,sYlg>temic cirCulation. Faci~ors that pre-dispose to the
"bacteria the .g,ut inc'l ude

malnu-er'i'ltion (ttUtrition is important for th<=l phys'jcal

. II
Jj
III
II ,;
11
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integrity of gut mucosaL prolongedfp.ar~s·n4t~_rar nutrition

(whi.:h ca,uses gut mucosa1 atrophy and decreased I~A

secretion to tha gut) f sepsl.$ (which promotes bact$rial

translocation) and intra-abdominal patho109Y (eg. intra-

. abdomina·l abscesses are co1onfzed l:iygut bacteria) .. These

factors an~ al1 aotive )'Y) pat'lents with severe IAL So

there ;s $C~nt, if any evidence that adequate drainage
(,

and control of intra-abdominal' infection can reverss

e~tabli$hed multiple organ failt~re.

'Thirdly, does tha policy o:r :(~lanned re1001< 1aparotomy'

justify. camp' feat-ions and trJi\~ negatiVe re-exploration

rate?
.'

Gastf"'O-il1'ces't ina 1 f'istu 1as a~ie a prob lem a.nq i}\l one

series occurred in 70'$ of patients and carried a

mortality of 51%(9).• They Se,eMt,p occur ma.inly i..n patiel"l'ts

-suffe,ring from post-operative intra-abdominal infection
" ' , .' '., '.

and pat1cre~tio sepsis who are treated by open management.

The causes of the fistu1ae are exposu ....a injury,
",d~hi$c~boe of Slf'cure 11ne$ or the trauma of re-

proxil1lal diverting sht,srostomies to control leakage into

,title p$r1tone$ll eavit~. achedn(9) feels that .camp1ica.tions

f'!rom ope!'l ~ar'lagem~nt 1ike evisceration, fluid loss and

spon<taj)$oua .fi4£iltulas 'fJ:6,m exposed bQW1·can bli;l vi rtually
- G <)

'.1 ie1 imi/nI,H~edusing ._MarleX'iIMeshto 'cover ·the d$feot ·in the
C\ ~" Ii

anwrlor abdom'iri~1 wall ~

II "
II
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A policy of planned relc;'1ok lapah:)tomy wil;1 ahJ.lWs entai~'

a carta; r.1per'cefitag6 9ff negat ; ~re 1"19-1 aliiar<'>t0n1'1 es.. Thi:!s
:::, ',I ,,' • ,_ ..' F

may be as ',.1(~W "a 4%(9J to itS high ~~S :33%( IS). 1"he El~xpeI"ienois

0/ the su~\g'eoA': is im~ortant ;1"1~chiS rf~gc\Y'd.A~ he sr~~w'st " ~;- ,; .:-' i - -

more exper~~encedhe 1earns what type of intra-abd(')l'l1i nlill...

" inject; on 'to

meohani sms(9)

the pat;ierrts own

1'hus, a close look ~~tthe lit\~rature reporting 1~heuSfl~of

plann~~d reloo,K lapar:01tomy with.i:,;r w'lthout .open l1lanagement

of the sep'~'i.'eabdomel\t1 shows a vdd¢71variety of resultlls. At

one' a.nd of' 'the spe~\trum is a group of relatively fit

f,Hlt'ielrt}ts ~hith a less. seVer/~~TC')rm of :CAr in whom ;re1ook

1.aparrptomy is pl"P.pabljr no~ n\~¢e$sary as they wouH4 do as
, . I

, ).

;-' :: ,. ,

favourable resul ts re~iorted b;y some workers(16, IS,23,}.At the
" """ " ;; , '

'\ oth,er ASlndof the sca')E~ are ~dck pat.ients with as/tabl ished
~\: "j} ,',/~,:'i ' - ,,_,;i;. _ )_::\t·,~::' .. __ ,t - __. :/
\~t'id1i,'l"r~versible mt;:f.hHp1'e ¢:rgan fa'fluree In these cases

,I ~!, Ii .

e~~~nl~hemost '~99're$$/ijrye:'su';'r9ica1modalities f'~i1 and the,,~~:~::,_;t,-"'. /" ;;!:\\' :',',

mQ\tta 1; ty r~ate/j ncr~~~s'~~3~/Somewhere betwe~h these two

'e}(~remes/ may ,11e ,~. 'i9i~o,jp.·that \\lould benefit from these
"~\_: ...: - f j ';:; \,;'

/",\\ ~ l V
ne~;G~f'''treatment modi~~itf~:s mer~tioned, but; to date this

grou~~ has, not be~h J;::il~a,flY~identified •
. i.~'1: _I

<'~ \\

1\



20
the t mi l1e and nature of

'~M~;f.·l.I>:l this method of treatmer~t il1

a:ppl"oach resolvi the

reported i the
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CHAPTER :2

, MATERIALS .AND. METHODS

The mode] used in this experiment involved producing

severe lAl in rats? of the faecal peritonitis type. This

model was creat.ed by int.t:\oducins 9~11atine capsules

containing a faecal-barium sulphate. mixture into the

peritoneal cavit.y OT the rert~. The model specifically

aimed at eliminating the many variab1es that have made

clinical reports so difficult to analyse. Thus the sex of

the rat,s, their weight range, the type of septic

challenge used, the vo lume and bacteriology of the

irrFective innocvl urn and the types of treatO'.snt were an
s,tandard1 zed. This ensured that t.he res\..,; ..::ouldnot be
inTluenced. by variations in methodology. 10 addition, the

$tudy was cond~lcted in such a way that the methodo10SY

only varied by one factor as the experiment progresssd

from one group of rats to the next. By keep~n9 an other

variables the $ame, the effect. of the single variation
\
\\
\
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i) The animals used needed to be assn.)!' avat lable in

1arge numbers, oheap t(l house and fE~ed, genet; call y

identical,· on the samediet and be sl:iecif;c pathogen

free.

ii) The type of septic challenge had to mimic the human

situation as olosely as pt>ssible.

iii) The pathogenesis 'Of [:he sej:'tc;c Challenge had to ·.lJ,;)

the aame as that occurrins in the human ; .e.

contamination) inflammation, peritonitis and then

abscess formation.

'iv) The vo1ume and bacteriological content of the

infect'rve challenge had to be ths! same for all

animals .01" so nearly so that it did not influence

the results.

As far as tl1e fi rst requ irement was concEH"rled, sma11

ro(;t:'::;nt$ fulfilled most of these criteria. Dogs ha.ve not

to study abdominal sepsis md the

litsf"'a'tLU"e\ cn\L'e,~m is scanty. Rabbits alAe not ideally

su1tad'las a m60i~' for peritonitis as they have a high

content of cellulose d'igesting bacteria not found in the

human intastitls. In addition rabbit.~ haNe a relatively

low intra-lntastinal pH compared to humans. Guinea-pigs

ar~ seldom avai1able fr~~ frbm specific pathogensI50).
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Several .methods have !jean "Q,sed to try and produce an

a.deqwate·animal model for severe :tAl

2.1 Endotoxin.Model

MalSy .a.nimals i.ncludihg rats have been lJ$ed '1)1 \ -dotoxin

modEi!ls. Enj:{otoxi ns are released fr'om sram"'nega-t; ve

organisms and are an important component of sepsi$~

Howsv$t there is.col1!:l!1-ltn about the clinica.l relevance and

si9nifical~·ce of EHldcrCOKin injection ir,to a.nimals(5t} and

I cOI")$1d~r$d it totally unsuitable ls'ince it does not

mimic the hVtna'n $it.l.,lati.ol"l .of lAl. Mo.raover, endotoxitls

have ·been used to study septic shock rather than severe

in.t,ra""abdqminal ·infection and abscess formation.

Ii

adjuvant.· .into the peritQtl.e~l cavity

It is 'generally. fe·11:.:thi~~ to produce a model of intra-

.:ft.bdominaJ £lspsis· mimicking the human sit1Ja:ti.an that the

Torlow.ing bacteria. should be present Fl. Col i ,
ffi .
. {;nt$f'ococCi $ aacteroi de$ .and Clo'stridi a spec; as(a2-51} •

Furthe~mor$) the,re is evidence, that intra-a,bdomfnal

'Tormatiort is related .to a,ymargy l:ietween .••the

anaero!l.G6 ahd factfltatJye !;9>cter~a(57)" The aerobic

bI;tQt~H"ia ,play an important rQl~ in produei ns aoute
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peritonitis with its ~$$ociated· bactsraernia afld high

morta li ty. Thoi'": anaerobes pla,y a dom'jnant n:fl ~ in a~~lOe$$
v

formatioh(54L~ some workers have injected $ingle organisms

like E. 001·;(50,59} or Bacteriodes fragiH.st60} intra-

pertoneal1y or with an actjuvant like nasrrtos.i?b'in.· to

'Incre~se •toxic; ty(Ol!..

aut these· mods1$: are poor becaUse they do not· con-;-ain {-he

appropriate number >01'" comb~nation of bacteria needed to

mimic the human s'ittlation EM~ discussed above, It is also
fe 1t that eh is type of mod$l represents endoto.xic shock 1I

and is hot a model of peritonitis ~nd iii"" a-abdominal

abscess formation(51).

A nUmbsr of differant. methods have been employed in this

type of mocJel. These inolude "implantation of irradiated

$.teri·le faeces wit;h precllSely meAsured QU.antiti3s of E.

Coli arid Bao't$riodes(62) 1tlto the peritoneal cavity;
;, .... _" -_-:'

'implan'cins gelatin.s capSules containing the .pooled larse

b~wel contents of sacri Ti(.,~d ra~'.$(52,63,54156t63)into the

~~l"1to1~a~ oavity and wHncr human Ta~Ce$ rather than
'''f~ ,:;;

~pimiil":' faeoes n gelatine. capsule impl~nt$ iI1to 'the

'~~ri~cm~al c:avityH5).

i\tlM:1$e faecal models mimic the human

situatioh.bT ..f~ecal peritonitis. Trle.re is.initial1y acute
\__- ,... "_ ....,.. . ... . _-
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Animals sUf'viving the acute peritonitis .sto.se then gO on

'tio d.evelop jntra ...abdomina1 abscesses in which anaerobic

bacteria are the predominant organiail'ls.

! used the f'i rat method (st$ ri1$ f aeces plus. added

ba.cteria) i.n a p'ilot study but found it unsatisfactory as

anaer'obe$ did not seem to be ab1e to survive the

technical process involved. It was thus abandoned,

rhe second method iIS reported to work wel ,r52,53,5~,55,63) but

.;r fe"lt. thQ.t it was a wastefu1 misuse of animals .• It also

f'sQuires dietary chansea since it has been found tha.t

meat fad rats whose faeces are used for the inocul urnhave

,a, 10wer mortalitr- than rats -fed on 9ra:ln(52). Two

objections have been raised to uS'ins oo<>leo rat f~ece$.

Fir~tjY.$ the eOhtaminat'ion 1S uncontrolled because the

dose and t. ,JGci~s Qf ba<rt.eria ar$ impossible to quantif)'

$,nd thus each a.nimal get$- a different dose of bacteria'j

inoculum. $econdh'l1 many species pf animals are resistant

to their own faecal materia.l(50).

Bot;,· these Objections have been overcome by Nichols(55)

WJ10t~ed a single sample of human raecss, Niohols froze

the sampleat. -60· C once it had been prepared and shpwed

that over a 'bhrE.leweek P$ri od tha.t ·the fan off or the

main bacteria? $pecies was in$igniflc~mt.
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~.4 Ischaem'ie Qr9f.i.nl~h Oaecal l'ig:atdon and lSot:Jel

Pl;!!rforaticm ModeJ's;

ThE) ischaem.ic organ model consists of deva.scularization

of a segment •.(.ff intestine wh -ICh i$ al'low~d to slou£1h t.hus

mimicking Strangul.a.tion or transmural necrosis and
iJ,rection.

The caecal ligation mOdel consists of a non obstructing

li9a\\\l1$~etirad around the caecum plus irrterruption of the

bloo1;,f:supplyof thacaec!Jm. This results in leakage of
caecal cotrterrts from the necrot 10 caecumf~~,65J"Some have

found this mod~l unsatiS'factory(01).r In order to improve

leakage of' faeces fr~m the cetiscum. neeclle .perforations

have been employed vlit~ caecal ,lisatil:mst66}.
A l1laJor problem with the c~eca 'I 'I isat ;on mode1 is that

there is. no ~s¢teroide$ fragilis in the caecum of erain-

fed ra'bs. $0 th~t ?J,lthouSl1 thS model produces acut~

pel"itonitis" it doss not Pi"o<du.ce abscessss in survivins

atlimals. Thus Bacteriodss ne$.ds to be adde~ to the

contaminant ~~ the deva$cularized caecum(85).

ModelS of colonic or small bowel lacera.tion ,and laakaS$
of 1n'c$st'inal contents (to caUS$ peritonttH:~) J have also

b'Elel1 u$ed(5n~ These nxodsls 'Of organ i s¢haemia~ caeoal
"li$rat4orh anq perforation and !lowe 1 laceration have 'twe:"

ma:it"\,.,flaws., Fi,rstht, t~~ degree of infecti.Qtt i~ totally

.l,4rtcor:rt:I"Qll&ble.' The sE!v-$rity of peritonitis depends on
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the amount of boltle1 l1eCrO$l $ 0 r lace rat ion, whien is

difficult to $tandardize, the rate of development of

pSt_itol1itis and t.he bact4:3ri.al contents of the bowel at

tt-~ t~ili'leof injury. A1so ba.cteria May vary in species and

rtt.!mOer between ani'(!lals ,so +.l1e infective challenge may

differ from animal to animal. seconcqy, ope of the main

pri.hciples in the policy of planned relook laparotomy is

that the squtce of'. saps; $ must be controlled ~ In the

human tnje is usually done with a proximal storna to

divert bowel ~ontents ,)t' by exteriorization of the sit~

of leakage of bowel contents. In rodElnts, like I"ats) this

is technically di'f'f·icult ttrld impractical. Thus one WQuld

i:le left with an uncontrollable .source of oedtonea1

sepsis which would make the evaluation of this treatment

moda1i1:.y impos$ iI:He .

Th(=)model ;r ¥hase was trtlat of Nichols(55} in which a known

v(l.11umeof human faecE~s (mi>(ed with Barium sulphate)" .

oor\tained in a gela:t.i.ne capsule was it1tl"'oduced into the

peritonea.l cavity of tht:>rat. I felt that this model was

t.he mo!>t cQrlven;ent ene and m~t the criteria mentioned

.~Gl;\r'ie r (~ee S q 3 above).

o

()
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95 .ramal $ Sprague ...Oawley spf' a1tii m;)1 r.$t;s wi th·. an .average

weight. of 20t ± 1.e..o<Sffl$ were used 'I.n this study. Post ...

operat.ively rats w~r<:\.caged individually and maintain.$d

0.1'1 rat chow and war."~r $lO 11bitum dur; ng the post

QP~r~tive p!~riod.

l:rlocu1ul'll was prepared ac;C',ordini~ to the mathod tl'f

til ieho 1s( 56)• Human fl::"l$c~$ was f'reshl y co 11(~H.:1ted and

tran$Tat·r~d to an anaf'rot>ic gloVEiI box. The faeoes were

mlxeo to ootaih a \"!l'l'itori(~ mixture and diluted 1: 1 \~ith a-
pre-reduced PElPtone:. y,east extracit.; 91uccse .broth. rhi $

ttaa fi ltered tht"oUSh gauze to remc;jva sol id mater-i.e." The

f1·1tered mix.ture was them mixed with bariul1! $ul}1hate (109~

\'l/V ~ as d~scr ibed by We inate in( 62)• Aliquota of th is

mi,x~ursMlare> placed in ·sealed containers and froz.srl at ...

6'tJ~Q 'imt i1 used" Aetob'i c and anatin"OP1C cu 1tu t'e~s wer~
.~,~, 1,'- - - _":', ';

tihl<.sr;. 'F rom' the 1.nff~.~.,?~jurn at e~ch time of use...
·'_."o',-,'_· :\ .

~arfum lSu1.~hat~W$:,$ a\\l\f~ed to the faeces as it is known to

inere~$e the toxi.;:;ity and tissue reaction of

G'ill-{p®rimerl'tet.11y produced fa$ca..1 periton-ttist52l .. Also rats

haV)S' very aetive an~ efficient phagocyts$ in the
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peritoneal cavity and barium sulphate inhibits these
phagocytes(53) .

Bactetio1ogi.cal t;;.nalysls of the faecal inOCUlum \tJas done

initl'ially to 9.et a basel itls colony count of the major

bacteria. Each time further aliquots of the inoculum were

used t~or a new group of rat\~ one contain1er was used to

perfli:li"'tl'l bacteriological analysis. to ensure that the

freez irt9 ~ storage and thawi n9 had not had a major effect

on the numbers o·f the pr<a1dominant bacteriolcg i.cal

speCiE~$.

All the preparation of inhoculum and H;s bacteriologi¢al

as:'S$sement and monitoring was p(~rforme,j I;>y the Department.

of Microtiio.lo9Y., S.A.I"M.R.
TOe 1itarature sugsests that the impbrtant bactari a

needed to produce a model of intra""abdomina1 'In'fect·ion

which has acu'bs pe.ritonitis and th,sn absce$$ formati(?t~

and thus .mim'los faeoal peritc:mitis in tha human are E.

(Joli., Errt$rocoQch Bactet'()idE~S f'ragi 1is, Fusobacterium

~pe¢i(:)$ahd Clostridia $p~¢iela(52-5al. Since this stli'':~'( Via.'"
\'. -:

riot .~..bacteriqlbSiyal 01"/$:, I felt 'that 'it was unnec.e : 3....../

~Q identify and mor~ltor the 1fu.l 'I ranee of f;\et:al I lora

in' the (;~~oQ1 speo ir~.en Y$(i!~'L,I.t~ Was thus d~oid$d that the
':"t ," ',' ,:.\

prgt:Hlisms )that WOUld be .n1c>tli tOJ'''ed \>./ould be the key on6.$
.{..

i.e~ ?rfJ1iforms (1:~/1~oli)l Enter1A',cocci. Clostridia spe(.'do~'

artd Sac'te rei des ••
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Two primary faecal samples were provided to make up the

inoculum for this experiment. The first sample was made
up as descri bed an.o then star; 1; zed wi th gamma radiat ion.

Gte r i1; ty was dC"";'Jmented wi th the app rop!"'; ate anaerob ic

and aerobic oultures. This inoculum was U~ed for the

contrQl gtMoup.The second sample was made up as deScribed

and this sample provided all the tnoculum for the oth~r

groups or rctts. The qUantitative bacteriological analysis

of the nlClnitored flora in this sample over th, period of

time of the experimeht ;s listed in table II.

TABLE II

OR~AN:rsM COLONY COUNTS PEFt ~~AM OF t=AEpes. ON DATES USED

14.7.89 21.7.89 25.7.89 4.8.89 16.8.89
Enterooocci 23X105 i2x1 05 12X105 '11x 1 05 nX105

Coliforms ex105 3X105 2x105 2X10o 4x105

Clostridia $,P. 5x105 1x1o~ 2x104 aX104 11 xi 04

Bact.eroidss 1220x106 1080x100 1340x100 12S07ti 06 960><106

)'he c:hanses in 'the co lony counts of l~he bacteri a over the

p~riQd of use of the ;r,ooulum were not significant enough

tts make any material difference to the *.leptic (';:halleng~

to thf:) rats in t}'H~ var i01..13 91"oups tested" These resu 1tis

ar~~}'ialso confi rmed . by the work of Ni oho1s(55), The

var,ja;rt.jons in colony counts especially the last counts of

"·Co1ifotms and Clos\\ridia Sp. can be due to teohnl¢a.l

factors such as: dlumt); 119 of bacte ria ina 1; qUots ta.J<en
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for the colol1y" counts; a number of bacteria lying

~l

together in culture medium arid only forminSl a single

co1qnYi errors il1 counting bacteria ar~ increased when
their numbers in aliguots are muitiplied to express the
numbers of bacteria in a standard measure of faeces.

When readY,for implantation the inoculum was removed from

the freaZElY" and thaWed. The requi red measl.lred amount Was

. transferred to a siz~ 1 gelatin capsule w\-)ich W·"i$ then

closed and put inside a, siZed 0 gelatin capsule. A single

gela.tin capsule Was fOLlnd to be unsuitable as it became

soft a,nd leaky very q~.:l'id'(ly after placing the inoculum

mig-ture inside it. Each double capsule was then placed in

it~$own sealed anaerobic bot'ela. It was at this time that
tf

an ali quot of the inocu 1um was taken fOf' bacte rio 109; ca 1

analysis.

The 'rats were anaeGthsti'.zed as Tollows. Where only a

$1ngls operation had to be performed the anGlestheti c

}?l9~nt was O.2ma Ikg body mass of Xnnova.r-Vet. Where a

seoond opera.tion had to b~ ,performed on the same day the
(I "Ii, ,_,

anaesth$tic a9'~nt given was Halothane (2-4%) (by

inhalation) for the first operation and Innovsr-Vet for

the,second.
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For, implantation of the gelatin capsule containing the

i nacu1 urn the rat \'(a$ .1' anaestb.eti zed, the anterior

abdominal wall sh~V~1d,cll~(aned with Hibi,ta.ne solution and

a small '1em midlirl9 vejlrtieal incision was made. The

peri tonea 1 ~vi ty was OP~~hedand the capsul e introctuced.
\' t:Th1 incision was ","baed ~ith a single layer of continuolls

2/~\ sfH<:. This ope\'"ativ~~ procedure la$ted .2-3 minutes.
\1 ;:.

\'Jhe,ln a furt~_J'er' laparotordV had to performed;, the rat WtlS
" ), i,

anaesthetized as des )rib~~tL After cleaning .the abdominal
I'

wall with Hibitane so'h ..rtl;(m:; the previous sutures wet'e

removed and the mid"" ine ::abdominal incision was extended

upwards and do'~nward until it was about 4cln in length.;,~. '-,' - .",' : - . -;- - - ,

,Th~s gaVe adeciuat,~ aceeas to the pe r ; toneah cav ity. In

groups tecel'i~'irl9 a peritonea1 washout and intra'"

peritoneal an'tibiotic~ the periton$al cavt1;.y was sucked

out to remov..k obvious faecal/barium contaminant. Then

20ma of stew'he salint~ wa.s introduced with a $yringe into

the peritoneal cavity to wash it but and this was a1so

sucked outf~ The peritoneal cavity was than r:,~osed with

·:conti~uou.$" 2/0 silk suture. When the wound had been
.'..~~. ' :'\

clQSed about' three-quarters of its extent the intra ...

peritoMea.1 ~\nt;biotic was ins'tallaa via a syringe. This

was, ndt suck~\d out J:)lJt was left in the pet'; toneal cavity

and ~theor:emedfuing
C

quarter of th$ abdomina1 inois'ion was

cliO$$d~
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the ant ibiot iC Lfsed was Cefox it in (~4efox in) • iBased (mll,the

average. weisht of 200, grams, per rat, each' rat received

Somgs of Cefoxitin intra--::p$riton~~a'f1Y tl1sso1ved in 2mls

of- saHoe-. This dose was well within the ther~peutic

ran~e, an6 the ~aiine provided fluid~,

I

in this experiment, the aim was to:.' u~e a simp1e yet

effective' antibiot,ic re9ime~ In making thi.s decision. I

wanted a single antibiotic ·tha.1:- \,:ou·ld siva 'acc.eptable

gram""'positive an'a gram-negative coyer. It was felt the·

Cerfoxiti·n (Me'l<;'oJdn.)· best met: these requi rem($ln.ts. ;,rhe'
, . . __ _ _ ::

" ., , >, _ ii ". _ _ _ ,_ -: ,_ . _," _' _ .'
. d~cisjo.n to give Jt intra-peritoneally was based on :lth~
l_' ,,'__ _ _ . :.' '. _, ._ 1\

t~{f"kof Lally{67) who using a similar rat model found that.7 . ,

single lavage of intra-peritoneal

(lefox 1tfri. sUtcviV~d as wen as rat$ receiving a full nine

day e~tJrse Of parenteral Gentamycin and 01; ndamyc; h ..

,Rat$ ~ver~ mon1tored olihioa11y and by dailY weishing_
\) ~,.'

.)

'Tgo$,',ettlat 1oo)ced i11 i. IS • 1iat 1eas 1 1etharg ic, not

~eaditla' ana whQ. h~adlost) 15% of thei r prs-operati ve body

ma~$,'w~'reo~ut.hahaaed o~ elth 1eel1 and human itar; an 9 rounds •
1,0 t:r "

"Ow"

(/
r:
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,Mortalities occurring. wit,hin 6 hours of capsule

implantat.ion w~rs considered to be due to improper

anaes~he$ia or op~rative bleeding as rovealed at

postmorte.ffi. These rats t"lere (fot incl uded i fI~ the study.

A11 other ~nili'!als were autopsied after death or were·

sacrificed and autopsied .at 7 days post"'operative1y

except for the 1sst two gr,oups where survi vor£:) 1~:v'e.d1ive
, .

for 61 and 68 days r~spectively and ~"ers then .eutha{lased

and autopsi,ed,. At aut~9sy the presence and nature of free

intra-peritoneal fluid was noted as well as other gross

, abnormal i,t;es~ The presence and number of ,.intra--

per i tone$.1 abscesses was a1so noted. Asrob ic and

anaerobic cuJtures of thes~ abscesses Were taken randomly

fr~m the groups.
~::--\:;.,-::-

~.6 f'incting the ~detll1 dose of inoculum to establish the

an1rnal model:

; !

It is pbviouSly orucial to find the most suitable dose of
:FF\.~

f~e~a'-barium inoculum •. For this reason phase one of the

~Xpel"*ment w,as devoted to this ·ourpose.

'the aim W$.$ to ~fino a dose of inocult,!t11 which would kill

70....&b~4 of the tats over a i to 2 day peri od post-

operatiV!t~:y. It was felt that this would most elose1y
II '

\'<

mimi~ ,the human situation, it wottld a1low $uffici~nt time

'fOrti therapeutic Irl1'ijervention and it would enable the
~), I

varioui therapeutic modalities to be evaluated. If the
i,noeu1um ,WaSc too weak, a11 rats "[ould survive and it

(i
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wOt..lld be very difficult to differen:tiat.e between the

"- ,',' ; - ,-' ' , ' "

,~roup'Sof i"ats, Qspecian y as morta 1i ty ''lase one of thf;9

fac'tot"s that wasemonitor':ed. Simi1arly, if, the inoculufl.'

Was to,o str~ng then the rats would die ra.:pidly of
I' ,"

~verwhelming septicaemia and septic shock" 'this fact had
alr~'ady been dernonstr41ted in a pilot stwdy quoted earlier
,', '\ . "

j J. )
,J ] n thl\ text.

~he' ma, ~l!itab1e dose of tnooulum \flaS ,found br
:S'I)\blrrj~tin'" four' groups Of r~ts to progressivelY

,\

irH::reasin9 volumes of fa-eca1-bari'un;t innoculy(l'l (0.1, 0,2,

0.3 .and ().4 m~) and measuring the response of these
, . ' , '~ - " - ,., ..- ,__.

groups to this intra-abdominal sept~c challenge in terms

of 'Morta 11ty , body mass changes I:tnd ; ntra-rtfbdomi na1

abscess formation (found at autopSY).
J ' d,

S'dth surga.rya.nd anaesthesia ate 'insults that carry thei r

own mortl:tlity andmorbidity. It has a1so been shown that

in mice that the presence of barium-sulphate in the

peritoneal cavity can cause death(68}. I therefore

coned d~reid it i;ii~$enti alto eva1uats the effeot of atH"gey-y

~':1 i~and anaesthesia on a group of r~ts to ensure that these

pl"'ocedures ltJ(¥::r:$} nolt causing mot-tal ';ty by themselves. In
,', I! ,',,) I'

ord~r "t,o eva'l tlL).~~~;t,ll(!! effects of these two factors a
S'(t__:-'{~<"" ~':i~i'-,";'~"~, '.. -. '\'-.':;~~<_r->:\,'<,·"<,,:-~,:_.:;,_ ::; ~.

o :rJtJ~l(~n~fot~~(bU~'¢f'.r3~~~ ~~s subm1tted, ta an anaastihetic and
"\i ;t\':,~< \(" "';1'::,:, J, ( : ':':}"~' t, ',. ' 'I

(/ 1" 'lmJ.?l,cyri~~~J:~',crf,t;>:"g~~'~tt,1necapsule containing a fa.ecal-

c " ba~-~~k\C~"i~d{,~~!)"'t~t~thad been irrl~d;atad and was thus
'fl \i~1 ,r' "/~ , ,,.) ,.~~ \) r

ff ~
I

, Ii~;:;-_C"~ ,

,,~)
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e,~~rile" This control stoup thef'efore differed from the

other -9Y;O~~~Spnly by ~hs absence of ,Ii septic cha11engta.

~hase':was

,:.90(" ~$ "t')
ctevot1_~,dto fi n'dinfJ"the ideal dose of innecu 1urn
esta~iSh an Itacceptable ,"ahd re liabl~ animal

,,' _\\_. _ . 't' . d' . n_/i, "

the seconr&' phas'e of tbe expe\'"i/me~t ('s)ee S. 6) •
,"

8 i', _ ,_ _',__ _ ,_ _ ',' ': "//, .:

'fJijeyse~ond ,; p~ase of the e~{periment i nvo1vs(;l not on1y

"'> ev~:duaiing<the merit 0f stased planned re1('.o1< lapa'rot;omy
, , " ,\}" "", ' "

,I" '" i

as a~lain~t'\lan '~peratl3 and ~bserv6l" policY but $:1$"0
Ij

att~mpted 'to eva 1uate the effi O..acy of the various
I' . _ "

,;,comp~,nentsof the$$ treatment moda1ft ias .....name1y the us~

of antibiotics ~n:$l mechanical washout.,
""~"

'\ (,: - ,', .....

Th'US'11 the sec~nd;)pl1ase was designE:1d with six groups of
hi} }i '.< - .,

"f'ats~ The first, group was the cont"'ol group (see 3~7).
v _ '.)

The se90nd and 'third 9roups evaluated the I,IS$ of

a.ntibiotic, alone given at t,he time of the septic
..() ,

irrha.', Hmse and five h9urls 'tater. The fourth group was
, I, '!

dssi~ned to ''assess th~ ~::"1ue of mecnan; cal washout ~lone.

Tne.fi'fth group evaluated the c.ombiLd.ti'c,n of ant; ....biotic

and mschani aaL Washout., The last group was one in which

"v' $~aga.q)planned ("'alook lapar.otomy IMas performed.

\i

('
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Pha~e i~ Est2fh1i,shed the ideal ir:nocul\l1ll' dose

Group 1~ '. (')d ml 0'( ino,0·4' um
• '" V :/'

"Phase 2:

Q "'~

v
o

"

"

i1

()

O.
<"

..

"

Contr$)l and it){perimerrt:.ai Groupsu

"l'rradiate'¢~ 'faeces::: <1ontrol group,
'C)''; ,~', ("~,,,,,,

'0,,4 'm~ i~kbt..nui~ ~,~n~L intra""peritoneal\ ,·<~r '. _' ~l,. ~:!.:~~,:~:~:::'-":~:~,:-:':',::,~r_ . .' .

'aht.ibiotiq, q:t ilj\~~,,:::amej\fpe
/;? ,'~ n' . • ',- -', "-, 'j '\ '"

(,' n .,' ' .':_ _-t . :', -: ,!i _ "
'~.4 rna inoculum t~hen' ,tint,ra"<l~a:ritor:-'9.:1

",' , \1 .. '\~, "

,n, ."~n~i~J~~j,~,'~~~"-hr~,,'.I~~~r,,,,,:f".{,;, , ,'," ,0 ~\ '

o ~4" rna . i,not!ulJJI\I " th~fn,.. wasl1fvut of

.perh:~ie'£t;:")9,\'·i~Y'with $~~Jine5 hrs later
'j' (~J' "v , 'il :,., ' ,

! 0.,,4 mt ,il:l.pcuh.wl thJtt1 tlfashollt of

c-

'\ '/ ' ' __ ''co

Pl?ritpneal ca>rity with ..a~1;1.n~,,_~n~_..9'ltra:'
.peritoneal ant.,ibiotic' 5 .hY's 'l~te~.. No

cone on the is 9 ,,'oup•
;"; ;-,

(;

c?

'" fy rthe r:. ~reatmellt ~e~
_:~l)_ _ \_, L ',' _ " /(

~)'On'i;';f) the per itoneal c~vity had be~n

:/~a:S~d. 9u't and "~h~antibiotic 9tven~, it
(1 -, \i\' "._

\ ~::
ref'erred :itO as the ,l:,,?perate and observe"

~9rouRf, ".,
I)

. 0.4 ' QlQ,.
J

inOQMlufJl then washout and
" !",

tnit'i,bt'otio' 5 'hrs later (a$ "~I Group V)
.'

an~ t~EH'(~~S~,ou'~of th~ ,p~r1.\'.;>nea1 cavi.ty

ttlitJ1 $~7ins q at 24 hrs ('relook

l~l_:..:<"
()
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1.sparotomy). This gr'ol,JP t-li'l be f'(?feff'ed

to the "relook lapa~otomy" group

Tti/e rati·onale behind. the use of 9roU\?~ I-VI i.n...·.,R·~~se2u
f,i4ikits som·~';tliscus$i':~n. rn the clintcal context any

sl~r9ical treatment ,of\severe intra-abdom~nal. il1f~otion

V{hether it tj~ on

: bClth anti bi

~. ..... '. . .' .'" ' '

"on ~emal1d"or planned re 1or.~lfbasis -

. ,
i"'"

,~Ii't;hsali.ne wi1 1 normal1r b~. used ••. It was thus ..'felt
.'_"'Y_ ( ,.. ''t-.' . . .. '" . '. '.

I

!necaS$t1ry

,enti(;tJi~$ and to· try a.h($ aS$e~~$ 'tl1)eir>5mpact. ind,ividual1y,

(\)n mort~ 11ty , wei ght ~ tJodt \Itla.ss clu;t.J1gss and abscessl'
\' .

fOr(rtat.ton. The timing, of givins anti.~io~ic.s was a.lsq
~\"-'( ,,', '. " "'

eY:\fi\~Uat)ed(immecliately v« after',f1ve hours). In practic\~1
\ .... ,\

r. . ."- . . .'

\

pat,J~nt...usually has an unpredi~tabla illtra"'abdomina.1
\ '\ . " , '. . ," . ." ,

\

of ti\m~\develops faecal pel""itcmitis.\, The surgeon usua1 tv"" .\\: , ". '.:: ',:' '....... . ':'-
'. ,

sees. It,M, p~tient .at some poirrt .tr\t time a.ft~tr this acute
\'. .."" . ,

·cris,' s\,,h(\S started and onl Y ,then is antibiotic treatment
\:•. -'l

c¢ifumenc\I;)cl.,.Tl1a Siving of antibic::)'tie immediately maY have

where are given
'pro~~:Yla~~tilca11Yfor 9/AstrQ";ntestfnal surgery, but this
i$". uSl.!ally ?nly given i' for 3"'4 dO$~$.

On¢<;.\,th$ va\lue of' ~,t1tfbiot'lc C'l..ndwa~~.houthad be3'n

evaluated il:ld.ividual1y they were, used tOSI\\l'ther. to assess
,)

t.ht?'l r cOMbirt$d.efficacy, This represented the situati~n
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of " ",operate o and ob~erve" grOUj:L, Th'ls "operate and

o!.J®®rve"·group ;$ closest to .the, "o.n demand," rel'aparotomy

that is· used in' the cl inical human context. The main

';diff~ri6\nca is. that in the "on demand" context, the
() "'(~

sarseon' only" ra-operates on the patient if there are
,.,"\

ind'icat,i.on~ ef "ongoing 'int:,-"Ia-abdQP!inal sepf:ds. In th~~

'stu?Jy the I~lopera:~eand observe'~ group Wt;i.sonly oper.atec

on once and then .obaerved eVeh if the re were eli ni ca 1

indiQati one o.f act iVa on90i n9 tntr.a-abdomi ria1 ssps is (es.
weight los.sL

"1Yte 'fop~rate and ob$et~ve·t group was th~bn oompared to a. .

between t~e two ,srQUps w·a~.the perforl'i]tt'.:nce of a second

laparot9m~~.o.'l fe1t tbat this progressioJtl rep.r~sented the

most -eff~~t...,iV~ way of'~valul\1t.in9 not on1y the value of

planned, re H~ok 1aparotomy but also it.$ components. l

j
I

4.

"

Statistical ar1~t1ys;$ was ~)erformed on t\he data colleoted.

"he main variables measulloed were mort;a.1ity rate (~ of

group dying). chan!3es iii body mass of the rats and the

..number of ir\tra-'pari toneaJ j'I-Lbscesses found at. autop~y.

rHffar.enc$s in rilort,~l.lity ~and int..ra....abdQ'mitie.1 abscess

-format'!"}' bet\<J~~n ~. oups wer'e assessed us ins: ¢onfi dance

intervals and thJ difference~s in changes ; n body mass
between grouprp Were analysed using students t-te.st, a two



,_'.i.,"

40

,rtest.

J;) 0

C:.
{~

A11 experiments reported were approved' by "'th~ Animal

Et~i'c$ COli1ln'itta~/gj~:theUniversity of the Witw~tersrand
./ .'

, .h'- .'
(,AEC .89/48j$1.

<) -, ~,,.~

,ai
b)

0)

'cll

i days pos't inoculatlon" (Group~ 1-4 and I'1tV)

2 m~n·ths post i'~ocu1at;on (GrC\ups V and v{~)·
A 1os$;'of :> 1$% of in it ia1 body mass ,I

, \';,Ji :1

clin{baJ signs of distress - e.g. lethars~/'a.nd lack
(:: (:;

,.

of groom;n9~ .{
'/
i,

\,

Any animal meeting any pn.e\ of ~has$ criteria was
1: \\

vlithd'rawn from th~" exp~rim~;;rrt.u~\ut.hanased and autopsied.

t!uthaha$ia wa$ p~rformed using inhalation of 100%carbon

dio)dde as ,;approvedby the Animal Ethics Uornmittee.

(i

c
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Estab 1ishfilent Of an, an irna1 mode1 cor\st i tuted ph7.S6 one Pf'

" t!11;j e.xp$<p'.iment and was aimed sfpecifical1y at find'ins the, .

ielsa 1 dOSe of .i 110CLllurn and as/cab 1ish i119 a ra 1iab 1e rat

model.
In fiV'ldin~the idea1 inocu1um dOSe the requirelnents were
that thi s: dose shou'ld

':

s1O~'{ 1~r)(!iet.

celf.,Jsei, a hi sh mortal ity (10-80%).

allow! SUfficient time for treatment to be

insdt"utfid ..
i '

To find the most satls~actor.Y dose of inoculum four (.'lose$

wer$ sell9oted. The faecal-bar; urn sulphate mixture i'laS

implanted intra-peritoneallY into .4 groups of 1Q rats

each as follows:
"

10 rats received 0,1 m~ of inooulum
0tO ,rats recei,vacl 0,2 1Y\4 of inoculum

"

10 :r~ts received O,S m~ .of inoculum
('

~o rat*'J reJcetived OJ4 rot of inoculum

,~
{
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ESTABLISHING. THE ANIr-iAL MO~

Establishment of an animal model constituted phase one of

the experiment and vIas aimed specifically at finding the
idea' dose of inoculum and establishing a reliable rat

model.

In finding the idea~ inoculum dose the requirements were
that this. dose should

causa s-evera intra-abdomina' infection of

'$.1ow onset.

causa a high mortality (70-80%).
Jal10w sufficiertt time for treatment to be
II,.

instituted.

" 0 a .
i t.hai most $ati sractory dose of inocu 1urn fou r doses

" i'-'
were selected. The faecal-bar; , sul phate mixture was

implanted ilitra-peri tonea11 y , nto 4 sroups of 10 rats

e'acYl as f~ 1lows :

ratrs '- I:'" of inoculum10 received 0,1 m~
10 rats reo~ived 0,2 m~ of inoculum
10 rats received 0,3 m~ of inoculum
10 "rats r:eceiv$d 0,4 m~ of inocu1uIlI

I)
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This. graph sho\oJsthe $urvival of the four. groups of rats

in Phase one of this experiment.. Each group received a

prOg,"'ess;vely increasing dose of inoculum. Rasults are

pr'9sented as x. ± $1:. Note that Jl"ICl!stmortal') ties occur on

the irat and second post operati ve days.



val 'Of the four groups of rats

riwent... EaGh group rece~ved aI ..' .

IdOS~of inoou1um. Results are

that most mortal1'ties occur on

l cpefl$:t:ive days.
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This graph shows changes ;11 average pody mass of the 4

groups of rats receiving graded doseS of im"lcu1utn ((h 1 me
....0•.4 m.O. R~sult.s are Pt'$seltted as X ± $S. Note that

body mass .... reached its 10west 1eve 1 on the f'·rat post

operat.ive day~ then -lncreased reach; ns a pl.ateau phase

betvJSerl days 4....6 and finally iY'u::reasinsg again.
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The re$ponse of the r1tts to the septic ch<lllengs was

monl'tored c1inical1y, by changes in body mass and by

autopsy findings Cth~ number of intra-abdominal

absceSses) ,lIIi thaI" when th$Y' died or when they were

euthal1a.sed at the·end<of the experiment.

RESULTS:

The results for this group are shown on figures 1 and 2

and in appendi~( 1.

There was no mortality in this group. All rate: showed a

decrease in pody mass below the pra-operative values for

the first t\'J6 days post-opera:t.1vely. The aver'age body

mass foT' the ,group reached· its lowest PQint on t,he fi rst

day ~:f"~.er sur~ery I?nd was baCK to the pre"'",pere.tiva value

by the thi rd post-operative day, The averags los~~ in body

mass for the group for the fi rst ana second post-

operative days was·not 'statisti ca11y ,sisnifi cant (p>o. 05:

t.,..test)., •ay the 7th post ....op~rative day 90% of the group

had ex6e.edea the ir pre..,operati ve body mass. The average

gain in bodY mass fO'r the sroup oh the 7th pos.t,"'operative

day was ,15 9 as C;()Olpared, to the·j r pre....operative body

mass •• ,1-hi$ stati.stieally significant (p{0.05: t...

test)~
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At autopsy a11 rats sho\fJ€ld an ; ntra-abdomi na 1 co 11€lct ion

of pus where 1".hesmall boWel had become adherent to the

insicta· of the incision site on the atlterior abdominal

wa1"I. The rest of the abdomen ; 1'1 a11 rats was clear. The

lunes .wer·e macroscopically normal.

:rhe results of th~ group ~r.e $hown on j7igures 1 and 2 and

in append;x L

There was.8. 109$ mortality in this groUtJ. The rat 'that;

died did so on th~ first post-operative day. The autopsy

on this rat showed brown intra ....peritoneal fluid and

congested' lungs. There was no intra-abdominal abscess

formation. These features were susSest'l (Ie of death dUe to

septicaemia and D.I.C. (Disseminated Intravascular

Coagulopathy).

As wi ~,!1 ~he rrevious group (0. 1 m~J th; s group showed a

decrease in average body mass belOW the pre",operative

value for. the first three days post",oPerative1y. The

lowest aVerage body mass Was reached oh the first post-

operative daY·, sy th~ 4th post-operative deW the aVerage

body mass exceeded the;, bassl ins we.ight ; . e , the pre ....

operatiVe body mass (as comparsd to the 3rd post-

operative day in the O.1cc Sroup). 1..(\$$ of body mass for

the t$tp 2nd and Srd post-operative daY$ was not
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statistically s.ign.ificant (p>O..05; t ....test). It appeared

ther·e,fore that an in.cl"'$ase in dose of inoculum delayed

thei recovery of a gain in body masS. HoWever 88% of the

eurv tvcr-s were above the pre"'oper'a.tive body mass by the

7th post-operative day. Thi s was better tha..nthe 0.•1 m~

group (80%).. The aver~ge gain in body mass was 16 9

which was stati~ticaJly significant (p<O.05; t·...test).

Autopsy studies on the. survivors of this group all showed

abscs();ses at the site of adhesion of the small bowel to
the i.f'$ide of the surgical incision on the anterior

.abdominal Welll. These abscesses were all well localized.

There was no free intra. ...abdomina1 sepsis and

ma~~r()$c¢piqally the. lUngs were normal.

3. Group receiving 0 ..3 m~ of inoculum (0.3 m~ group)

the results for thi s sroup are shown on Sr'aphs i and 2

and n appendix 1.

Four t",ats died in .this group g;v'ing a mortality of 40%.

One of these rats died on the fi "st POst"'operative day

and three on the second post-operative day. ;'~t autopsy

~he rat that die~ 011the first "ast"'operati'le day $)howed

an .exudativ$ faecal .peritonitis and free barium in the

p~ritoneal c~vit¥. The lUhws were congested and there \fJa~

free fltiid in the pleural cavity. There WeTSno localized

in.tra---abdomfnal abscesses Seen. These signs suggested
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deatlf (jue to.septicemia and D~r.C. The three rats that

died. on .ths second post"'operai:.jve day all.· showed free

.faE;loes and exuda.te in the peritonea1 cavity but not as.

much 'as ; 11 the rat dy.ins on the fi rst .post....operati ve day.

The average body mass •of the group showed a. decrease

beloW the pr~ ...opera.t.ive val ue for the ffrs.t and second

p$$t~opel"at.iWf days, These. decreases· in .weisht were not

statistically si9l'liTfc~lnt (p>O.05;. t...test). By 'the third

pdst ....or:H~r~:tiyeday the average body mass of ~iStH.'vivors

exceeded their averags pre-operative body mass •. the

increase in doss oT 'inoculum did not, thsrefora~ SSem to
delay the recovery in bOdy mass. 89' the $ev~mth post ...

operative day ~'l1 survivors· were above thei r pre'"

op~ra.tive bOdY mass and the avera.ge body mass of the
I ', '

gf'O\.lP was 31 S grea(ter than the a.verage pre ....operative

bodlv rnass. This wa$ stat; stically $1ghificant (p<O. 05; t.-

tss1~).

AvtOJ;l$y on surv ivors of th is gr1t>:Up· .performed on the

eishth post"'operat'ive da,:r showed 1ntra"'abdominal

abscesses whare 'the smal1 bowe1 had become a.dherent to

the ins.ide or the sure*ca" incision. Two rat.s ha.d intra ....

..>pmental and' other absCesses. A11 these were well

locali zed.. No ra:t,$ $hOWsdfree ;ntrs,""a$;:)domina.l PUs. The

lunss were macrpscop1cally normal.
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4. .Gro~p rscei\lil1e O.4cc of inraocuJum (0.4 m~ group)

The result.s of this group are shown on figures 1 and 2

and in appendix 1~

Eisht rats died in this group giving an I)~)% mortallty.

Six of these rats died on the fi ret post ...t:Jperative and

tv/o 01'1 the second post-qpera.tive da~r. The six rats dying

on the ffrst post-operative day an showed the same

findings .at autopsy - rJ·rulent/faecal peritonitis with

free eXudate and r-aritilffi in the peritol1eal cavity. The

lungs were ·c~ngested and free flu.id was present in the

pleural cavity. There ~JarH no abscesses present. These

findings were ¢on$istent with death due to ·septicaemia

secondary to peritpn1tis.
Thie two rats dying en the second post"'operativs day
;~, . , '

showed free browr 'Fluid in the peritoneal cavity but no

ap$csss f-ormati ott. There was ron d lung congest ion.

The averas~ body mass oT the group decreased below the

pr-$-(;\perative value for 4 days post-operatively reaching

its lo\1l(e~t l~vel on the first post-operative day. These

los~e~, in body mass wehe not statisticallY significant.

The average body mass ·of the s.urvivors exosedecl its pre .....

"operat'ive v~lue by the 5th post ....operativ6 day. This

;' repres~t1ted a lof.1ger delay in the recovery period O'P the

I
II

il
II
II

'.'

bOj~y mass compared to the previous groups Where this

re~rovery had oc¢urred by the thi rd or fourth PO$t-
Ii
":!
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. 6p~t-~tive day. By the _fH:lventhpost-operative day the two

survivors "in ths"group exceeded the pre-operF\tive body

mass by an average of 17 g. So ctthe irlcreased inoculum

dose' in tfJi,s group had a very significant ~ffe6t on

tylortality ,(80'0 and also prolonged the recovery period of
,- ~·i I; ,

averagEl bO'dy maSS of. sU~'Jfvors~

'~ the "}.w,o, sund,Vol"S wete euthana~ed on ttis ei ghth post""'
ji

op~ra:tive()day. AutoP~'y ShO~h)dan intra-~bdominal abscess

at 7the. site ~lJh~rethe small bow~'1(:'hefr\ become adherent to
,-. " - , .,' , . --".',.---:- -t.:

the surl~ioal . {n~ision.
'-_.- ,-

The lungs

SU~VIVAI..'DATA OR THE FOUR GROUPS 'REOeIVING GRADED
. !' ,~.

ooseis OF' INOCULUM.

Group Number in
strdy

"

% Survival 95%confidenc'e
interval

o

(10

10

1Q

10,

10

9

(;

.2

100'~ 59 to 100%
90% 56 to 99,7%
60% 26 ~o 88%
20% 2 to 56%

C(1, '1W!

O~:2ma.·

013m~
I) (:' "

u

Co

c
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statistical anal~si$ of the survival data for 'these four

groups (See tabls tIl) shot.-Jad that the O,4ma group had a

significantly lower percentage of survivors than the

OJi rna J 0, 2ma and 0»3mQ sroups. The o, Sma group a'i so had

a s'tsnifi.cantly lower sur~/ivai rate that the 0, 1ml group.

Pi-sure 1 shoWS that mos"t of the deaths occur~ed within

the fi rs-t' twO' days of ip.ocul ati en p and the rats appeared
. .

tq die of overwtfe1miog sepsis. Those that survived this

acut~ sept ic~emi c phase -seemed to 1oca 1·iza the i I'" intra-

abdominal sepsis and at th~ time of autopsy were ail

g~ining weight (See Append'ix 1).

The a.irn of this phase wa.s to produce a model of intra-

abdomincl infection \\tf'l;;h a relatively slow on,set and h.i.gh

mo.rtf,AJito/~ From the results (Table III) it can be .eeen
d. . 'that: the 0,3 and 0 ..4 roll inoculum dose most qlosely met

the requirements -., producing a 40"'80% mortality with

deaths occurring on the first and second post-operative

days~ B~causs ihe 0,4 ml innocu1um dose best fulfilled

the cr~teria mentioned and because of the potential that
.\treatm$nt modalities could show increased survival and

.altered \po$t-mortem findings if successful, trie 0,4 "Ill

a.o$e of inoau 1Urnwas used for the second phase of the

$~'P,,~f'imf"t.

L
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CHAP~~lR 4-
I d" il

Iii
,,'EVALUAtIO~~OF'i, VAFnOUS TREATMENt

I',,, I '
STAGED RL£Ii[NNEDr RE ....LOOl< LAPAROTOfl.W

, , ')1 ~,,'~'
jl , "

Pha~e two 1r~the experiment inxolvetl impl,\\nting the ide\al
~" , , ; ,,-, , 11. "; () _ : 1,) , .' • ~

dose, o'f i~loculum derived from phase one ·~nto six" 91",oUps

'of rat$ (~~~'Chaj:)'ttar i")-. These groups W~i~~~. t!t~n sUbm:l~t;d'
'" I'

,to di(rfe~rent" t,reatment moda1~ti$$ inC'1 uding l;>tttgeq ,',
~ u r '

pl'a:n~~d ,,r~:'-100!{ laparG~omy. A11 groups con$i~i?,ed ,of, 10

rats exce~k group l' wn'ich consisted of 5 rats. The' ~;ir~uP$
!l
)1

\'isr,e as f<~'llows:
'1:

Oontrol GroLtp: R~ceived 0,,4 m~ inaculurtl"
'd '

" of irradiated'faeces ina barium sulphate.

This gr'otlP was t:n~t1 observed •

,Grqup'X:

._, :":)

Received 0,4 m~ of inn,-cu1uin ~)1U$ !Jorng

J2ma) ~f C~foxit.in introduCE~d into the
I'

"Group II: . ,;

peritoneal cavity at the saine time as the

i:noculum~ Thi.s group was then! observed.

i,

t 2mf' of Cefox it i n 1I1tl"oducl~ef into "the
petftone~l cav'it'{y (}' nCHJrS 1ater. Thi~

group was therf Observed. .:
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L

Group IV:, Rece(,~ved q, 4. m~ of inoculum and then a

washout of the peri torte$.1 cavity with ,20

rna of saline S hours later# This group
c'

was then observed.

t=lroup V; Receiv~d 0,4 rna of ino-aulum and then a

washout of the peritoneal oavity with 20
'rna Q:f'saline l:>lus SCm£) (2m1) of CefoX1tin

!,

\ {i

intra-peritoneally 5 hou,rs later. This

grolJP was them observed.

This ~rol-lp is the "opet~at,~ and observe"

group.

, :1 'erjpup'V.I:
II
Ii

Racei'ved 0,4 t.,O ·of ';noeL!1um and then a

washout of the perft<>m:~a1 cavt ty wi th 20

m~of sal ina Plus 50m9 (2mH of Cefoxitin

intra-peritoneally 5 hours later. A

pl anned re"'look 1apa.rotomy was then

performed Z4 hours later and the

peritpnea'j cavity washed out vJith 20 m~

of saline. This grJpup Was the observed.

Thi's group is th~ "relook laparotomy"'

sroup.

Q

These rats were- moni-c.:,G>red~n the same way as previously

stat~d. the end pOint 0'1' the experiment fol'" groups t-IV

was,that all sUf'vivors w~re euthanased and then autopsied

e,eMr.Jn days post-ope rat ;va 1y. Those dy; ng before th is end-

I:,'
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Thi s graph shows the changes 1n ~\'verag$ body mass (rf. 5

rats r~cGJ;vios i rradiate<;i bariym"f.aeca1 iI'\Qcuium. Results

are pr' .J$e'rted as X ± s~E.
No.te·-the decr~a$e in average body mas13which reaches it.s

lO'Vlest level on the f·'rst post operativa da~' and then

inOree.f;$.$ cor,rtil1uously day T1V$.



anses in average bOC:j mass of s
d bariwm,...faeoa1 inocuium. Rel')ults
..._.
~ra9$body. mass vInic}'} reaches its

"'st post operatiVEl day and then

:.0 day fiv·e,.
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pqint were autopsied after death. Survivors in sroups V

and VI were .allowed to '1ive for appro~imatelY two months

in, order to determin/~ more accl~rately any differences in

marta 1ity ~ body maas change and intra-abdomi na 1 abscess

formation.

Results:

.@;toup I: This group received the irradHl.ted faecal-

i:tarium sUlphate trlixture, and acted as a control group to

aSSess the effect of anaesthesia, ot::ening of the

pe.ritornaal cavity and the implantation .r,)f a gelatine

,6apsule' contA.itdns sterile faecal-barium sulphate

mixture.

';"&16 results of this group are shown in figure 3 and in

appendix 1.

There was no mortal ity in th is 9roup. The ave rage body

mass of the sroup shgwed a decreased below the pre-

operat'lve value Tor three days post"·operative1y. The
lOWest body mass was reached on the first post-operative

day ... this was not statistically significant (p>0.05; t-
,.

. tS$t). The other decreases in body mass were also not

$;.~.ati$t;pally significant. The average body mass of the

group recovered to just above its pre-operative value \.

the foUrth post-op~rat;ve day. At the time of being

sa.crificed .all .rat$; in this group ware above thei r pre-'
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operative body mass and the group was on average seven

sms (3.3%) above its pre ...t>perativa body mass. This was

not statisticallY ~~isnificant (p>0.06; t-test} •

Group II: This 9tc'uP received 0,4 rnQof inocu1um plus

SOms. of Cefoxitin (Mefoxin) intra·~peritonea11y at the

.
At ~utoP$y one rat showed an intra-abdominal oollection

of bar; Un1. The peri tonea1 cavt t; as of th~ rest of the

group ware clear.

ssm\c,~t tme as the ; nnocu 1um,

11\\e resul ts of th; s group are shown on Pi gure 4 and in

appendix 1"

There was no mortal ity in tn'is group. The average body

'nass of the a,roup showed a decrease os low the pre-

Oiperative body mass for six days post-operatively. The

lowest value was reached on the second post-ope rat hIe

day", Only the drop in aw~rage body maae on the 2nd post-

operative day was statistically significant (p<O.05~ t-

test).

Bi the seve,.~th post'''"operat;ve day 60% of the group were

above tf1eir pre-operative body mass and average body mass

of t,he gr(1up was five sms (2.5%) above the pre-op6rative

value. Th;$ \>'/asnot stat'isti cany s; gnifi cant (p>O.05; t...

test)"
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This graph s!);:,wsthe cha.nges in s,verage bodY mass of 10
rats receiving .0.4 m~ of.inoc;;ulum + 50 mg eSf'o}dti·n at

t.he same time.
Resul ar~ presented as x ± S.E.
Note 10S$ of ave.i"'age body mass over fi ret and $.~cond

Pl;')st"'operat"ive daY$ followed by a plateau p~riod of

little body mass ohange and then a $1soifi.cal'lt in(u"'ea$s

rage body mase,
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At autopsy ni.ne rats had local ized intra-abdominal

abscesses: two tats had fGur abscesses; two rl?-ts had three

abscesses; one rat ~aQ two a~ ....cesses;four rats had one
/'

abscess each; and one rat had no abscesses.

<' ,

'il'le main site of absce%'Ss formation was ,where the sman
,powel had become adherent to the inside of the abdominal

"

wall at the site of sursical incision. other sites of.~. . ".

abscess format ion were tl1e poste 1"0"'1atera 1 abdomi na] wall

and the, surface of the 1iver-, All abscesses were well

local iS$d. There w~s no free PI,lS or intra-peri toneal

f1u:id. The lungs v-Iere macroscopically normal and there

was lio free ihtra··pleural fluid.

Thus siving antibi.o:ti c immediatel y, si snif; cantl y

'impl"'oved survival (iOQ%versus 20% in 0.4- rnQ. gy'Oup) but

d to not speed UP,c the recovery in average body mass or

decrease the number of absoesses Tormed (as compared to

tha 0,4 m~ group) ~

.G,l"OUQ I II: Tn; s 9roup race; ved 0,4 rna of inccul UI~ and

tHan 50mg of Cefoxit'in (Mefox;n) intra-peritoneally five

hours 1ate r •

,'the rGsu1ts of this group are shown on Figure 5 and in

appendix '1.
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The mortal ity ra.te of this group ",uas 20%. One rat died

. on the firq.t po::st-operative day. Autiopsy showed free

fluid and f,aecas in the peritoneal cavity but no
!

abscesses. iHle 1un~$ ~vere congested and there was free

fl ui d 1.n t~~ 5=)1 eura 1 c~vi ty • Th.ese featur~$ were
" l

cOhsistent VJi1~h death due to overlrlhelming septdcaemia and
, f .

f' "" II _ _ _ _ __ -j

D.~.C-\. A ..sec1~nd rat was humanely killed .on th~ fifth

liPst-operativ~ day after a 'drop in body mass from 208 S!Yl,
.1

to 155 sm. Cl:~nical1Y this rat was 1v:tthargic and unwell.
~ .In this anil~al at autopsy thera ~';{ere three areas
:1

containing ot':~anited pUs within the peritoneal .r.:avity, but
1:. -,' :1

no we" loeali~~p ~C.iScessesas $e~n in previous ~'t~),uO!;',

The lungs Were l'Ilacroseop,jca11y normal.

The av~f-a.se b90y mass of the group decreased b~loVl the
ttl.

pre""'ope-rative value for an sev~n ,days post'-operative1y
-')

...reachins its lowest value on the fifth post-opereti;ive

d~'y. Thess <;leersasas try ,p,ody mass were a.11 statisti'ca11y

$lgnificant (P<O~05; <O.OS; <0.05; (0.05; <0.001; <0.05;

respectively:
"

t-test) • From the sixth post-

, ciJerative day the average body mass of survivors began to

increase but by the sevf'nth post-operative day when the

(survivors where saorificed, n0-ne had exceeded thei r pre-

operative 'body mass and ·~Y'leaverage body mass of the

group was s~iil1 SUfficiently belOW the pre ...operative
n
j'

average body I~ass (119 or 8.3%) to make it statist ioct11y

s,:isrlii'ioant (p<0.05; t-test). compared to the immediate

antibiotic (Group II) J ;these rats theY'efors fared worse
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;;:;<'~:il1that mcrrtality was illQreased; the 10sSi in average body

,mass t\f~S gr,e.ater anci. reoovery 'b~,meof av~rage body ma~$
L'

was more pr01ong~d.
\' '\

Autopsy of','tt'rese eight survivors ehltfed that:-

1 rat had a large abscess on the il}sid~ of 'the

I~~~ntadOr abclomi na1 wall and l1umerous sma lJ at' elies at -:
.~\

·6ther'~ites.
[)

o

2 rats had' two abscesS'es eaoh. 8~eon,·:ths iriS? de of

the anterior. abdominal wall at the site of the
<I I_

ipei,s ion ,~hd one qn the ,a,nteri 0"; latera i aspect or"
"the abdominal' wall

',\Z r'ate h~dan it~tra-abaominal abs-eeS$.at the site of

'th~ incislonplus an,omental ab~p<lss~
, :l',;:~,_'/ .f

L' S tats had one abe,cess' each at the s ita :Qf the

t~"1~:i;is'jonon ".t:,he inside'of the anteri'6i ab(fomitr:a:1
" "!:.!!,';:'"

wall.
0:;' " - n

"

\,'1.,._"1'

None of these rats had free intra-abdomi na 1 flu; d and

tj1ei,r lungs \-/ere macroscopically normal.
<::---- ii

\\





'bhanges in av~rage body' ...""'....""

iflOCY 1urn ..then 'washoot of the

over the f i r·st
da)is fo11oit/~d by a slow air"ld

b~t ":never ~~(ceadins the" pr,~-



changes in a,Vlerage body mass of 10
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Colony counts t.ake,n rahdomly from ttl·a intra-abdominal

abs,?esses of a number of i:hese rats show·ec(the Tol lowin~l;

,9J;)liforms +++ (>60 dolonies)~- '

Bacteroides +++ (>5() cOlonies)

Enteroooed';' + (0 - 5 colonies)

Clostr1dia1 species ...

"cc;;olOeJaying, the)~admin'istra.tion of the antibiotic therefore
>Y'~/

,,/,,"

~~~~/ $PJieared to \~-~i'ncr~rase th~ morta 1i-t,·y 'J ··and' in,cr.ease

catab~1ism in that, the peri~d of loss of. body mass .was

c.o proionged and the ra(1overy t.ime of gain if) body mass was

, delayed.,
, ()

': !,!

G.roug ,I(J;.U: II ,Tni$' 9 roup reef.! h;;~t;f, 0 J 4 rna of inoatll um andIf i.'~' ;.~

then J~n\:'intra"'abdcminal washout with 20 ml of sterileII .
"sa 11n~~f ived'lou re 1star.

Ji
H

-'The t$'Sult,s oft this group are shown on figure G and in
"

appendix 1,~

on the s~oond PO$t ...o~erati've day and one died on the

fifth PO$t"'oP~i ...~d~iv~day. A.t autopsy, rats dying on the

" first and second cPost-or:{era1t,;'ve day showed a sma11 amount
I

I
l of fciee~~$in the p~ritd~eal cavity, no pus and no free

Illef,

fluid. Th~ lungs W<:1re cdlngested and there wa$ free fluid
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'tn the, pleural cavity. Lung histology :$', ;lwed Inarked

congest ion Illi th areas of in'trs,-a. 1veo 1at;· haemorrhage

Consistent with ai'ther D.l.C. or $EWer~~ left heart

fa; 1ure , This SU9-eElsted that death ItVa$ due to

overwhelming s~pt;caemia. One rat in this g~qUpwas found
,

,to haVta a perfo'rat~ b(.Jwe,' and Was thus excl
l
uded from the

study. The rat tHat di ed, on the fi fth PQst-(JpEu"ativa day
. " . , J

" had shown marked Weight loss over this p:eriod and at

auto-pay ther~ \';las fre$ pUs in the peritonea 11,ee» it,Y. Thus
,- " "/, i

.' '

loca'Lisatio.t1 of its intra ....abdominal sepsis had not t~ken

"plaee. c ':';--

The unal}'eis of tOr(:)trend in the aV~~H"age,body mass in

this group ;s not as accurate as previous gr'Oups because

of the high mortal ity in the early post-operative period.

,The 'avsraS$ body maes of the group dropped below the pre-
optSl"'ertiv$ ¥,alue. for all seVen days post-operatively 1

reaching ij:is lowest value on the second post-operative''? ~-, .~,
;\ . '.~~ !

day. sy the, thi rei post.-ope rat. ive day the average body
!i

mass $ho'~Jed a slight gain. The changes in average body

s.mass over the fi rat four post-operative days wel~e

~rtati$t'ically significant (p<O.001; <0.001; <0.001; <0.05

respeot1.ve 1y: 't-tt;lst) ~ 8y the seventh post-ope rat oj ve day

one cif the two $,ul"vivors, had exceeded its pre-operative
i>'

body mates however the average body mass of the two

surv1vors was belc>w -that of the average pre-o):>erative

level (four, sms or 2%)0
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"

At autopsy 1, the tt'lO survivoh~ both .showed an abscess on

the inside of the interio;r abdomina1 wall where the

abdominal incision had bee,i"ll'1'iacleand \'Jhere the small

bowel was adherent to this area. One rat had six

additiofla.l sma.ller abscessl~s ;n the mesentery of the

small t\lqwel and the other h~~dfour such absce$ses~ These

wer~ sent for histology \',/h'lch confi rmecl that they were
• -- - - -! .

rats wer~ se'flt for co1ony COfJnts" The results were as
/i

to110\'1$: . .
~-~,) () /

p'- ,/' ,Colifo"rm$ +++ (>50 ~olonies = abundant growth)

Ellter<bcQcei +++( II II )

Bacteroides +++ ( .. " )

bacterial srowth than iJid:'anti,biot'ic treatment (Gp !!'"I:).

,
signt:f,jcantl~' higher mor1ha1ity rate than Gp II and Gp

1-' ,,_'- ",';,".'_', .' .:

it

dif1~EH"$nt fr~~ the previo~~sgroup (Gp III) which received
,". If ~, ~. :!

delayed anti!biotic only in that it showed a marked

decrease in !~od.Ymass anla took longer to recover body
"

'mass than did the group 'rE)ceiving immediate antibiot.ic

(Gp !j:)~
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The reeu 1ts f rom thr~e groups, (I I y I II and IV) are

$",rnmari.$~d i~,.,Tables IV to VII,.

(J

TABLE IV
'..: fl'

NUMBER
"SURVIVING

~~ SURVIV A'.. . 95% nCONF[DENCEIN INTERVALS
u·j!~------~-----~----~------~~il--~'--~-----~--------~---
:,00%II 10 69 TO '100%

III ,10 8

3 TO 60%,

;1 :.:<

()

H ':__----~I~~_----~--~~~;'~'--~-------------~---------
I J
';i ~~ Of SURVIVft)RS \fIlTH AaSCIESSES.

;, '\) ;'
'ii-' __ _....., __ ..,._.:._ ......... __ --'(f....,I/ ~ __ ---'- ..__ __-r----t

GFmLlP , NUMBER OF
j~URV!VORS

NUMB~R. wiTH % ABsceSSEs 95% CONFIDENCe
ABSCESSeS INTERvAt ..S

fl 10 9 ,,9{W~ 56 TO 99J7'6'" .

'jl
III s 8 100% 63 TO 10m~

"
n IV 2. "') , 2 100% 1(; TO 1009$

()
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TABLE VI

COMPARATIV~ BODY MASS (in grams) PRE-OPERAT:rVELY AND '~N DAY 1 J

3 AND 7 (POST-Of.:.lERATIVEl:Y)

GROm~ PRE-OPERAtIVE DAY 1 DAY 3 DAY 7

180±16.3 184±19.4 196±19.3
(-11 ) (-7) (+5)

192±i i ..9 187.1:17 .2 186±1a·.1
(-11) (-16) . (-17}

179±6.3 164±4 18S±6.3·
("'13) (-2&) (-4)

II 191±17.9

III" 203±12

IV,. 192±7

TABLE VII~

MEOIAN,NUMBIaR OF INTRA-ABDOMI.NAL ABSCESSES IN SURVIVORS

GROUPS NUMBER O.F MINIl"lUM NUMBER MAXIMUM NUMBER MEDIAN
SURVIVORS OF ABSCESSES ABSOESSES NUMBEROP

ABSCESSES

11 10 0 4- if

lIt 1 MULTIPLE 2

,,;- IV 5 7

In: terms OT overaH 'Survival (see Tab1e IV) Group IV

$i'loll/ed ,~ s:fgnif'icantly lower percentage of survivors tha.n

tf'h:l 'II and IYI. There were no si gni fi cant di fferences
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betwe~n the three groups ; n respect of the presence or

number 61 abscesses~ The small number of .survivors in

Group IV makes the higher m.edian number of abs~cassesfar

less .signifieS-tIt.

Group V: This group received 0'.4 m~ of inocul::um and then
,

five hours later an intra-abijominal wfiSl10ut ~"ith20 rna of
,

at.erne sal ina was performed and 50 mg of: Cefoxitin

(Me-foxin) was p1aq~d intra-peritonea1ly.

The.results of this group are shown on figure 7 and in

appendix 1 and 2.

_-,!rf ordar to tPet~~r compare groups V and VI it was dec; qed
I

that 9urvival and body,mass ~hanges would ,be compared
.. ,

over the fi ret sefv'9n post-operative! -daysand then at the

~nd of twoIDQnths.

1his group had ~;20% mortal ity. One of these rats died on

.the third post-operative day. At autopsy this rat sl'lowed

diffUse fibro-purulent peritonitis with PU.i ~rin9 all

aboomihal or9ans~ Multiple adhes tons were >"t ~~ant as

we" # The lUhgs were congested and the thol~acic cavity

contained some free flUid. This rat had lost thirty-four

SMS of bOdy mass over this period. These findings are

consistent with' f!>verwnelming sepsis anc! secondary to
, .,' ' 1;

dif"fues peritonH~'is. The second rat was euthanasedon the

sixth post-oP$r'ativ9 day due to a marked weight loss
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1'hS$~graphs show the change in average body mass ~T 10
rats raqeiving Of4 ITIl of inoculum than five hOlJrs later
a washout with 20 ml of sal ine and 50 mg of cefoxitin.
Re$Ul ts are. presented ae. x it s. E.

Figure 7A shows the change i.n body mass of the S,·oup over

the fi rst seven post-opE:II"at ive days.
:Fisure 7B shows the change 11'1body mass or the group or

sixt,y one days.
Not~ the drop in averagf>- body mass reaches its lowest

1evel Qn ,he 2nd Post ....o~erative. day. This is than

followed ;t\Y a steady increase.

< ::

" Ji

;:J 'I



· nga ~n ave.ra9~ body mass of 10

inoculum -than five hours later

$01;ne and 50 me of cefoxitin.

i ± S~E.,

in body mass0;: the group over

ative days.
e in body masaof the groupof

II body mass reaches its lowest

If' + . d"'" T'·h";s is thenoperavlve .' fWil,y. •

ease.
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Cfift.y-five"sms). u~t autopsy there were intra-abdominal

adhesions and mUltiple small absees'ses (::!: 10) among loops
'i1

of bows 1 and on the i ng,;de Qf the abdomi na1 wa)1. The

1ungs wer:e rnaoroscop; ca 11y norma 1. It It':.l.s 01e~'r 'that th is

rat had not man~ged tp localize and overcome the intra ....

,abdominal sepsis. Although this rat had OVEU·CI."'>me the

ini tia1 per itid of the sept iC ohe 1'1ansa and may .have

survived if left alone, it was Guthanased because it had

,reached previously established end points (see Chapter

"12) •

., The avee~ge bod~ ma.s$of the ·group showed a decrease

,.bel'OVl the pre-opel"ati\t's· val We 1:or the fi rst six dt:1!ys

Post ....operati Ve1jI, reach in9 ; ts leiwe-at value on the second

po,it""'opera;tive day~ ;"These losses in trod)' mass were

$t,~tistioaHy s'ignifica.nt for the fi rs.t five post ...

operative q,a.)'s (p<O.001;. <0.001; «LOS; <0.05; <OgOS

r~peo'ti yei),'= t:",test).. From th~ thi rd post"'operat ive day

-.the avaragEdJody mass started inoreaSing and exceeded its
. (I"._ ~

~re.-opl$rative yal,l,.ls for tne first time by the severrth

o po~t",:oper~iive day (by two ,G- or O.9~~). This value wa~~not
<\'j

';.:)'~tattstic§l.'hy s.isnificant (p<O.Q5{ t-test). The avar . ~e
''":: -/)

\~-,

bQ~Y"mass of .. the '$urviv6h~\ ; n the grou,p th~n ·lnt./r~Jas~tl
I'; " l~\.:, -' ', , "

$t~\'dily'and by the e,"d of the sixty first post-operative
~", "

" 'day' \~,s.eigMty four" gme 01(', 39~ sr~:~ater than the pre ....
\\

opetre1l,t~~{~"b9d.r ,i mass. A11 ~f>dy mass measurements made

" "I:,:f'ter t~:~v$eventh post"'operative day to the sixty first
" ~'I

}:lost...dperhtive ,day showed values that were statistically
1\ '

o

C) c (,:::'
// (I
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sisnif}cantlY greater than the pre-operative va.lue

(p<O.001; t-test).

The,,$Ul"'vi VOi~$ of th.i\~ group (8 rats) were, euthena~ed on

the sixty fin~t post-operative day. At this ,ti'me they

wereoal1 in g~od condition. At,autopsy no abscesses wer's

f;ol,mO, intra-abdominally. Occasi~~nal bari.~m sulphate

9ti~nu'~omas were noted and there \,,wwre adhes ions of the

small' bowel to the site of surgical incis'ion on the

in.side of the anterior abdomina.1 wall"
I

:I
rh~"Qombined.•.,., use of anti-biotic atrd washout· had,r

\1

th,are.f9re~ a, marke~ improvement on survival compared tQ
,

th~ group f~h¢re washout only WaS used. There was also
I' . "".

,.-;,\[,,0.'-'1

le~s intra-al;)domina.l abscess formation comparee! t'o the
•• J,' :1 <'\" . " ,

Sl"PUPS we re '~intib iat '1c on1y was used. The comb ined use of

, a.nt.i biotic ~ttid washou't a'l so increased the rate of
~ 'I .", !

r\3;pov~JrY,of' ~pdy mass (by the sever.th pOs'l:....operative day)

; as:! eomparecl,-tp the delayed US$ of antibioti'G and the Use
ii' :: ':, '.
bf" washout only (loss in body mass had not recovered by

~~-'the~ev~Qth p.O$.t-o,perati¥e day in both these groups).

. .!
;.ruiI='W:(VI:" Th'ls group re,ceivad 0,4 m~ of inoculum intra-

~f I 1,

pe~"itQneany; fiVe hour's later the abdomen was washed out

'h w~~t1j~Q ~1 of sterile "saline and then 50 trigof Cefoxitin
. o ",;~)

(MefO:xin) .Was given intra-peritoneally- 24 how's later a

p1a,t;l.l1edre...:look laparototn;t was performed.
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'ihs results of the group are shown in figure 8 and in

appendix 1 anq<~·'t.
~..!1'-; /,,' I

';;"\ .,,':
<l~'-\'i:'
\"_/l'_:\?_

This group had a 10% inorta1ity. The rat that died did so

on the f irat post-opera.t ive day after the n~-loak
1aparotomy . At autopsy the 1ungs were norma 1. and the

'abdomen showed fl imsy fibrinous adhesions but there It(as

no free pus and no abscess'formation.

This rat thus ~ilhowed .no signs of abute overwhelming

sept'fcaemia or 'chronic intra ....fl,bdom:ina.1 sepsis. ,It was

thus assumed thCl(t th'ie, death was rela.ted to the stt"ess of

tWo anaesthetics, and it emphasises a problem of a pol icy

of planned ns-look laparotomy i.e. submitting patients to

multi p1e ~;'anaestheti cs,

The average bO<:,lymass of the group showed a d~~crease

belP'w'th\r .pre-operative value for the ~;1"81: five PO$t-

operatiV~, days (after the day of "1itial surgery)

reaehing it lov/est value on the ssconj post ....operative

cl~y. Thereafter the average body mass of the ~roup

·ste.rted jnoreasi ns 'but onl I" E)x,=:eeded the av~rage pre-

opera;tl.ve body mass on th~) sixt.h post-operative day

{after the initial surgery} by t\A/O s or 0.93%. The
",

decrease in average body mass was statistically

s'ignlficant for the 2nd post-op~rative day only (after
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These ,graphs show the changes in average body mass i!1 10

ra,;cs receivins 0.4 m~ of inoculum \.'1en a washout" of ,the
if -, ' " '". j'

,peritoneal cavity with 20 rna of saline + 50 fOg of

~~foxitinfive hours later
i I:
I: : !,Twenty fout~ hours later a planned relooK laparotomy "'las
\I

[I don~iand the peritoneal oavH;y washed out w,ith 20 m€ of
~.' _;

I

i;

;. ill'

o

'0

o

L' /)

Resu1ts are Rr~$ented as \Xi'± S.E.
., "

of ; glJr~ SA ~hQt"$ I

j

the "chan~'~sin body mass ':of the group

r,) o{fer the 1'1rst ,eavenpost··operative day.s.

f"isu're "as l.i$hows the Chai'lg~s ;n body mass of the group
"

"over si><ty ei&}ht days.

'.J

I;::"

.) '0 c

(/ 0

"i)
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r e~an.gel$ in av~rage body mass in 10t Oil" 'u10culum then a tlashout of the

ith 20 m~ (If sal ine + 50 ms of

llaterI er a p1armed re 1001< lapa.rotomy was
Irat ,cavity washed out t-dth 20 ~ of

as X ± s..E.
changes in body massof the grOUP

post-operative days.
,".... t.. ....dy. massof thechanges 4' AJV

.,.

D_g
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1,'hitia.l surgery) (1'<0.05; t-test). From the $.'1xth post ...

0Berat'ive day onwards to the sixty eighth post-oper6;iliV$

day the average body mass of the group ; norE)ased
":'<"j

progf'$s$ively and :.?t t,he time of euthanasia the average

body mass of tbe grourJ ¥o,s ninety one gma or 42% hi ghat"

ithfi'l.l1 th@ prs-operat.ivfW body mass. This inorease was

statistii.::a'ily s'fgnificant (p<O.001; t-test).

The i:Jplafll1sd "r$-1(6ok l~parotom~ did not retard the

racoV,~ry in the a~t?I}l'asebody mass of the group, in ~l:act
\ ': '"

hody mass reoOVet".ed a day qui ~ker compared to group' V. In

bot,.h
4
.thses ~ro$Jp$ (V and v.:O the low~$t body wei g.ht was

reaehed. on the second post'''operati ve day (\;:vftar initial

$Ur9~ry). ,'1':';$ decrease tn average body ~(ass vjla,S 11% in

g'r.Qup V; ~nd ,13% in gl'"'QuP VI, ,again $!how; n9 that the
I,: ,'"'-',0' . ', I

. P1al"'ln~d're-:'look 1aparot.omy had vi rtuall y no effect on the
<--"

) 1; • e1"Sfrt.h o. '.p~t...op~t·~;tive day. Autopsy showed t,hat a11
c: :':,_ < "....::/.), ,~- , . ,'r' .:\~ :-:.<>- r' _ _ .

.,' . ';~~i"m~ii:$ had fl\1hi fHH"'inol.l$i adhesion$ between bow!7Jl and
n _''(I i':\~ Q" .

,:.~'~b,~'rilitr ....~hd.,;~min~';orsan*s. However one rat did have a

la.r91$ 0.5 m~ mes$:t'ltflrio ab\,)ca.ss fi11ed with caSG;OUS pus.

': 'this vl't;).s somewhG'tt unexp~eted as one WOttld have expected
";
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Gro.ups 'V and VI we:re compared as t'.heir tr~atment dlffered

only in, respec·c 01~ a re-loOk laparotomy performed in

Group YI, and the c0i.\:!parison is $hown in Table VII, IX

and ~.

OVERALL SURV:rVAL,- - ,', (

% SUR}!IV:ORS DI~Fr:t{ENCE Ie S5~ ..
. cOt~F:rOENOE

INTERVAI...S

'\I

VI
'10 ','

10

a
9

10 ;"....21 TO 40% , .,

jji!pom Tab1(i;l ,\lJ:I.t it can be seen th~.t there 'is a cliffer'~nce
(;/ ," ,," - - -

~/

. //'/~ betw~n the two gJ"oups of only 10% in tarma ·of overan
_/;/ ,,,(,--,,,-,

;:/

c;"

"fABLE IX % )~,lF SUFNIVORS WITH ~NTRA"·AaOOM!NAL. ABSCESSES
o n '1\

'\

~R~lJPS NUMBER Ot: NUMBEROF % OF"SUftV!YORS . SURVIVORS SURVIVORS
WITH ~J:t;TH

AaSOE.Ss~a ABSCEsSES

OlFFERENCE 90%CONFIDENOEINTERVALS

~------~-~--,--------_.-------------------------------~~.~

v a 0 Q%}
1 11% -9 TO 32%

V1. 9 1 11%}
1)

~~
-
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Tabls' !X $holtl:s,that there was an 11~ differehce between

the .. two sroups in terms of abscGssGS format·'ti~ in
..

surviving rats. Th;";) was found not to be stat<isticallY

signifiQant.

TABLE X C,OMPARATIVE .SOOY MASSES (in grams) PRE-
O'PFR.l\TIVEl,Y ANt) ON OAY 1 $ :3 ~ 7 AND 61/62(BOST~OPERATIV~'LY)

GROUP .PRE-c.
OPERATIVE

DAY 1 DAY :3
POST-
OPERATIVE

DAY 7

--------~~--------------------------~----------------
):!i4±9

215 ±25 207±24
(....8)

1G9±23
(-16)

.1216:1:9
tt_2)
223;1;24
(+8)

29a±iS
(,+84 )

297:!::30
(+82)

197±9
("'17)

197±16
(-17)

A tWQ factor rspsatEid measurss analysis oT'variants wa.s
u$sd, to determine whe.ther the two grouPS experienoed

adSinifi cant· bc>dymase.changss ova r time and whethe r.these
'.\ . . .

\':;\-!, . - " . ',•.. "" - ','- -,' - . - - ' ..,',' - .: -'

I:H;~t~rmass changes differed between the groups •. Speoific
1\

di ff\~H"enges .ih body ma.S$ wer~ a,sssssed us; n9 Tukey's

c\i,~~'i't~~frange' test. Si,tlce the days following surgery on
:',.

'Wl'ddh m~a$l.Irernent$ were made differed for the two groups

analysis was carried out ern 1J th(:.':!twelve days on

'IrI'hlch <bod~~,maes was meas.ured on both groups 2) the

saV-anteen da.ys on whioh body ma$Swa$· m€:L'lsur$d within one
"day apart in poth groups.
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In additi~n since ther~ may b~ bias introduced by the

animals who died during this stud.)!' the &.nalysis was

carj--ied, 'out' on: 1) all

,seventeeen ,survi VOI"'S only.

,'_':',

tWil:lnty animals s,nq·', 2) the

Thus carr$ed
'-i

out on .: the

combinat.ions o{'data. described above. Results,. of all
. ""'.' {1""". I;' _> _,.,' .... :0"., ...... '. .. ....: '"," .. ',:0' .. " .. :,- .. ',t ..

'.f

analyses" no significant
dii·renmces between 'Phs g'roups i11 thl~d r body mass )::h8.nge. ,,(.', ' ..

over time. 80th gfoups showed, a significant body mass
('.

10ss T'o11'owed,i by a significar:rt hotly mass .gail'i (See
(i

"(.\ ;}, i>I,,\::~j , ' , ,,' ,

appendix 2 ~nd '2 and FigUI'~$ and ar~
~- , ,
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9R~TXCAL. . CHANG8$ XN·· BO.DY MASS OVER THE .FIRST 7 POSTQPERATIVe.OAVfi

Lowest b0dy
mass reached 2nd post 2nd post

operative opera.tiv9
day "'-,139 day -189
or 6,,8% or 8.S~~'
(p<O.05) (p<O.05)

2nd P/)st; ?nd post 2nd post
opel"at iVI$ op$rati VEl. operat hISday -319 t!ay-24'gday--17g
or 16~~ •.. or 1H~ '. or 1 •.9%
(·p<O.001) (p<Q.OO1) (1'<0.05)

Gain in jQodymass ~ta:rtad
it:::~~Srd post 317.0post

l;Qp.aratiVG operative
day day'
(p)O.Of,l) (1'<0·.05)

Ra.te of gain/ 0.71
1(:\$$.. .,s/cay

2.4
$llday

3rd·'\post 3ro pos·t, $.rd pqat
oP$r~tive operative ope.rativ$
day . . day day
(p<'O .•ooo (p{O.OfS) (p>o.05)

1.1
S/day

O~28g/day0.57S!9ElY

Reache.dY
~>:teGedsa Pre .
d'perativ~ body
mass

ay ··.lth Npt by .Not by };.'\y. 7th By 6thpost 7th post..7th post QQst postopsrative opl;'lrativeoP:5!rativl"Soparativs operative
da;v day day daY day

l "
.Sody mass \~t ~6 9 or

\> 7th PQst.·~ 2" 6~
,\ operat1v® day (p>O.05)
'. tif'lel~tive leo pre·
"opsrativs bodymass

""11\ a or "'4 9 or
9.3% 2S6
(11<0.05)

+ 2 9 or
0.; 9~$
(p>C'.(5)

+8 j! or
3.12%
(p>o.05)
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CIHAPTeR 5

DISCUSSION AND CONCLUSI.ONS

5.1 DISCUSSION

This study set out to I2lstablish. a model of· tAl and \;0

assess the effieJ.cy (jf various treatment.s and

combinations of treatments on survival rate, intra ....

abdominal abscess formation and nealt.h (as measured bY

changs$ in body mass of the rats) ..
I • -_-,,,-_, " ,,'" """ " " " .,,, _~ .,.

As regards the establishment of the model of :tAl. the

animal mOdel ttlb.t was chosen proved to be very
sat isfagto ry • Rats .were eas i1y ava 11ab 1e , a mode1 of

intra--abdomina.l ,inf'~t:tion 1n the form of faecal

perit(:mj~is was re1i'able and easily reproducible~ It also

sUf3cessfi.tl1y produced the acute (faec:al peritoni tis) and

eh.ronjc· ¢tage$ (abscess 'rormation) Ol~ lAI.

As pr\i9viously discussed the high risl<; types (if lAl are

fe 1t to be those dUe to pan(~l"eatic saPs is ~ arlastOlYlot ie
dal1isc~nc$ 'following sur9~wy and faecal peritonitis. In

choosi.ns the model to be used I felt it neceSSti(ry to.. '(

repr(.;du,oe on$ of these type,~ preferably the one that was

easiest to do. The faecal peritonitis m~del best fi·tted

the d~\ired r.squirements. Faecal perit(.;nitis is also the
one form of tAt that Schein(9) felt might possibly benefit
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frp:1l a policy qf'(p1ahn~d re-look laparot:omY~ In a.dditiuJ"l

the othert\lio forms of .tAXwould·have ,peen very cliffimY1t

to reproduce in the rats. There is no literature Rn ,.;,, ~o

me that describes an animal model of :rAt dU$ to

pal"lcr.eatic. sepSis and it is diffic:::u'·1t to envisage how,

evan if it could be done, the amount Of sepsis could be

controlled so t.hat each r, I would be exposed to the same

.ssptic. challenge. The, imo'del of tAl due to anastomotic

dehiscence ;,$ also -h.:, r actica.i in ra.ts. In the human

where $¢;!vvrS intra'_al~deminal irifeoti on is encountered,

becal,ll~e of·,' a disrupted colorectal ana.stomosis for

eXrimple, rn.ost ·surseon.s wet-iro ~onvert 'c-his to a di'v$rtins

CQJ"Q~tomy,to' control ·.t~4 ~ource of .sapsis , Thi $ type of
-;

proced~\I"'e would not 'bE"
'~

~sible in a rat model.

,~:,
\\
\<'·'f4Yresults,\show that the insertion of 0.4 m~ of huma.n

\\ ...."
f~~qalbariuM' $u1pha.ta inoculum produced a hiSh mortality

.'~

(ao,&~ ~l1d .'-relat4vely ..slow onset tYPe: of intra.-abdominal
\

1nfsr:t:ioth thus allowing a.dequate time and scops. to

a$~teS$ t-h~ efficacy of the various treatment modal itiss

'On the measured parameters (mortality 1 body mass and

ab$c~ss format itJfl J •

My st1:Joy qlsa.t1Y underl l'nes the importance of antibiotics

1tl the treatment of severe intra-abdominal infection. The

!"Ise of antibiotics has its most important effect on

surviv~J .•..•.'l'I:~r. : ;·t"';<"'~ i$ a marked increa$e in eurvtval

when' a'ntfbi·otic is used at the time of the septic
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Challenge (100% survi val) as compared to its use after a

time delay of five hours (80% survival) and when it is

nO.t use.·· •..J ('2.2..% d" )'-l ~~oup IVan' ,.20% 1nO. 4cc 1noculum group .

The main role of antibiotics seems. to be in preventing

,!/overwhelroi I'1g sepsi s in the earl y peri.od ,of the sep'tic

ohanenge. Those ratff not receiving antibiotics die from

oyer\lJhe1ming sspsi$ within the first. day or two after

surgery (Table :Clr - 0.4 ma group and Table IV - sroup

. IV)d Those raceivins antibiotics ,seem to be able to

~urvive the 11liti al period and 'if they do $0 they have €I:

good lorlS term pr6gnosi$, The' earl ier 'b~e antibiotic ..is

admit1'h~tet:,~t;:I the better the survival (Table IV ... group iI

and III anq "fable VIIX .,. group V and VI) as it appears. to

. mod'ify or re~tJce th,e severity Qf sepsis arising from the
\>

1'11\$ I:.IS~ Qf antibiotiQs d09$ not hQwever seem to protact

against thl~'da'v~lo.pma't1t Of intra-abdominal abscesses (see
, ,

lable V group$: II and III). Moreover, whether antibiotics

are giVen at the time of $0;11n9 or fiv17 hours later does

no;~ appear to prevent the clEwelopment or abscess

'formation (see Tab1e V group ,II versus gro(ilp III) or

lOVier the med; an number ,Or abscesses that develop (see

Ta-ole VI group II - HI;' group II! - 2 abscesses).

Ant ib,i~ot i0 does seem 'to ha.ve an affect on the body mass.

Comparing th~ 9rou~ not receiving antibiotic (group tV),

the groups receiving delayed al1tibiotics (group III,. V
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and V:O and the group receiving immediate antibiotics

(group II), an reach their lowest average body mass on
the .second post-operative day (see Table XI}. However the

largest Percentage weight loss was in the group not

recel'iving antibiptics (group IV - 16%). By the seventh

post...:oper-at ive day all groups had exceeded their ave rage

pre-operative body mass except for the group not

rec(iiving antibiotiq (group IV) and the group' recel,ving

delayed antibiotic but no washout (group III). $0 it"

appear-s that giving antibiotic may 1imit the afl'lOunt ()f

.body tllaS$ that is lost arId «lay hasten the recovery period
'. . -, - )-",,' ~" • '.'r. ..from the!16ss 1M body Mass.

In contrast t6 the litera.ture" this study suSg~s't$ that

thr;;re is a role. for mechanical washout of the peritt)neal

cavity in the treatment of the septic abdomen.

The data shows tbat me'chan'ical irri'gation of the;

per'itoneal cavity has 1itt1e or no effect on improvit1g

surviva.l. Tha 10west survival rate, in the $e¢on~ phase of

the stUdy occur-red in the group that had a mechanical

washout only Z2%.~ (see Ta.ble IV sroup IV). This survival

rate was s1gnificantly lower than in the group receiving

antibiotics and riQ' washout (see group n: and III - Tab1e

£~J and loweI" than in those g.roups receiving antibiotic
\;

~ru:i~."/ashout(see group V and VI - Table VI!!).

Howe~~fJrthe use of mechan ica 1 washout Seems to reduce the
" :' \\
incidel~ce of the devs'lopment of intra-abdominal

ab$cesse~. In the groups whi ch had anti biotic$ but no
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washout (~tOUp. II . and XIX - Table V) virtually all
survivors had intra-.abdominal. absces.sE1swhereas in groups
whi.ch had. a.ntibiotic$ (and washout on1y one v". "the.
survivors of both th~,~e groups '. had' e..n int.ra"'abdQminal
abscess fsrqup.v and VI'" Table IX). two jm~vrtant
effects of I.k.t. are early mortality (survived from
$eptice.emia al1d .·.intra abrl'i)minal abscess. formation ••.ihe
apparent' ·contr ..a.diction that mechanical washof.tt does .not
imprqVE!.ths.former but does the latter can be explained
by th.s fact that meChanical. washout was used. S hours
after .the septic innoculumwas administer.ed ••.This.al1owed
overWhe1ming septicaemia to develop Which resulted in the
high mortality (low survival) (groUp tV) ••Only antibiotic
can f'avour.a.bly affect this asp.ect of int.rPJ,....abdominal
sepsis. When anttbotic and washout were· v,sed togethel'
(group V 't VI), the antibiotic countered the septicaemia
and a 11owed the mechenicat washol~t to decrease the
"f\tra-abdominal abscess f'ormation~'
MY• resu.lts also $U9ge~t .that washout. had a beneficial
effeot on roetabol ic prOCEl$ses. :r.f the val"'ia:'cicUl. in body
maps of t~he group re¢",ivins. a delayed dose.Q'f antibio.ti.c
onlS{" • (grovp .111) ..i.s compared ., to ..that in >the group
rece:iv ..inS a delayed Oo.se of antibiotic plus a meChanical
~rashol,.I't1>, (group V) then. it •.; s not; ceab 1e .that both. these
gr¢ups r~aCh. thai r 1.iwest average bodymass on the second
PClst-oper.e\'b.ive day and the percenta~le' lOSS. Of. body mass
a:~ thj~I"'IPoint was. v~ry .simi lar (13.8% versus i 1%). 130th
)~lroUp$ .started ~heir .weight gain ..on the third post-
one't'~ative day~ !!howi$lver the group n t receiving the
Jm~charf-fcal washdut (group !I t) djd not reach . it· pre-
. op~rati ve body ml71S$.bY. the seventh post"'operati ve day 1

.having on average a body· mass some seventeen.9. lower at
this timet So m.ass Which was significantly lower. The
group rece.ivin.9. the dela.yed dose of antibiotic .p1us. a
mechaniqal washout.9xCeeded its pre-operative body mass
by two•.'S on. the seVenth post--operat ive day.

In the cli.ni.cal context, many surgeons belieye that
washout is beneficial. bu't there is surprisingly litt1e
solid scientif;'c evidence d.espite the publications on the
'l$ubject. The controversy can be summed up irl two
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conflicting statements. In 1974 Maingot declared in his

textbook Itirr"ga.tion of the peritoneal cavity for

>cleaning purposes is, in my opinion, never justified even

in the pres~nce of gross faecal contamination(69). Another

leading' suf~ical textbook advises that th~ control of

faecal contamination "should be accompanied by copious

i rri{;a'tion of' the peri tbneal Cl:wity,,(701.

Many of the experimental studies on the subject of the

efficiacy"of mechanical intra-abdominal peritoneal lavage

·can he ori ti ci zSl.'rPtl.

There are only two ifidnical trials reported on washouts.

Onlj;lHtJ concerr1l3d th'! ~l$e of sal iYle intra-peritoneal

lavage in elective colorectal Slrrgefy. ']:tsh6wed tl1at.the
','

~~ritonea"',washout, did decr<'-ass th<;l oacterial counts in
'\\" -, \\

the" I:I:t)doroinal cavit,:V 'but the rates 'of peritoneal

abscesses (Z:tl%) and s~~,...ticaemia (13%) were very high and

did qot corr91at.$ with the bactal,'ial counts. This study

did not use prophylactic antibiotics. The o'ther study(1M

was a p.rospectiva randomized study which compared

machardc~l intra-'ope:ra.tive 1avage with simple suction of

the peritoneal contamination, in two groups of patients.

Bot;h receivsd p'toPhylactic arrtibiotics. There was no

difference in septiC: compl icat.ions or mortal ity ra~ss

bl$l'tweElr!the two 9roups •
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The most important quest;i¢n this study tried to answer-

v.Jas,WhGth~rplanned ra-look laparotomy (as represented by

groUp VI) had a 1"'01e t~ play. ; n the treatment of severe

lAl. An attempt to /<answer th i$ was made by compari 119 it,

to an "oper-ate and watch" group as r.epresented by group

V)~
'\.'

Xn terms 'of survival there was a diff~rence of 10%

bett'lleen groups V and VI and this w~s ,'ound not be

statistically significant. This finding Ina>!( be criticized

on the basis that the ;numbers were too sma:t~ HoweVEr,

there are a number of factors to consi'cler before mak;ng

thi-s concltJs.ion:

Fit·s·t1y,l as' :this was a.n'Elxploratory study in whiohl ~he

ri:JsUli!s were not Pl"'ijdictabl e l! it was felt· frOIYI a

st!;l;t1sti(.)al point or vieW that th6>!/l"Iumbers were a,dequate.

·~o showed up marked (."!iffetances between SlrOu(;1s. Secondly,

'table I'll and IV shoW an almost iden't1ca.l survival rate
(20% v~rSU$ 22%) between ('.,4 m~ an(:! groupe. IN rec$.ivlng

p,4 !rIl! 1 or inoculum btre no antibi'otfc •. l'hi~ rEisu.lt showed

th~t the Vnodel was reproduci ble. This conclu$iQh

s;l.Jsgested that the difference of 10% in survlval ratl3s

bert\teen "gr·oups V and VI was more acourate than the

confid~tice intervals suggested.
Pes'!?ite these 'points, it is reasonal:ile to conclude that

:~<:sur\tlval r~l't.e it't this study was not increased by Rl~nned"~.:'<
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A policy of re-look laparotomyi .c;Llsodid hot r~dUb~ the

ht.lmt)~r of itftt~""'abdomina' absCesse$. rha 11% di fference

between groups v and VI in terms of. aO$cess f<)rm~tion wa~

evaluation

difference bet,Yi$$n the "oper·ate and Obs9.tve." StoUP (group

VJ $i1d the re....look laparotomy group (group V!J. aoth

.groups. rea.ch~.(;J their lowest aVer~ge body mass on the

secord l'JQ$.t-oPI~ra.tive day; both started a g~jn in the

aV~f";a9$ body mass on the. thtrca. post,";'operati'v'e day. The

re-lool< laparotomy group exceeded i tJ;. avera~e PI".e-

pper$,t.ive . ·pdy mass a cla:l earlier than the. ;'operetta and

oPse!J"ye"!group and on the S$W ,n post-operative <;Iilty the
•. ':./:': .' '. ,:',: - ',', ;: '" .' 1., :,_- .: ; ," .:-

av~ra9,e. body IYl;:l.SS •. of ttds erou.pwas a l:t~ie- fiisher than

in the "operat~. and observe" sroup. HOW~VI';:lr at the t1me

of euthanasia, o<:.tb groups exce.eded their' average pre~

operative·.lpody mass by about the $ame amount (42~$Versus

39~s).. TQs etatiF?tical rnalysis carried out showed no

signi·fican.t dfFfa.rence bet»l/:)en thes.e two groups tn terms

of the body mass chal1ge over time (see appendix 2) ..

In. summa.ry r conclude that th.is study has "stabl ;$ned a

sutn:~$$$ful, rel iable and reproducible art'imal model of lAl.

v/hlen can be, :$ss"j to assess treatm~.·"':~In.odaHt1es. Of the

tre~tme!nt modal it 19$ ..assessed agail'l(' the. cr'jteria of

body.mass changes, survive.l ratE;-. and the development of
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intra-abdominal abscesses" the ~est treatment of IAl is

preverltion by giving antibiotics at the t'ime Of surgery.

In deve10ped IA;t the best treatlnsnt appears to be an

"o{'(:lJ"'aJ:ie cand observe "; pol icy (Gt~oup V)·q This treatment

means giViM.9 aqt1biotic at tnt;;! time of sr.trgsry, and using
if

a mechanical walshout followed by 'l period of obs.arvation.

This treatment results in the same mortal ity as tlsjng

t:mtibioti¢s "only at the time of $urg~ry or usins a.

planned r$,-'to.ok laparotomy policy. It a1sO, gives a muer.

loweri~\rnorta1 ity than using M$chanical wat!)nout onlyu The

"6per~:t~ and observe" polley also give,s 'better results in- , " ,...,'" \;,. ,1 .. ' r- ~.. : -.

t~rms or irrtra""'a.bdominal abscess ft'rmation ,compared'tQ

siv1ns ant1biotie only (irr'~spective of when. th~~

. ~n'tibiotie is given) and ~ive$ the same result as the reo.

1001<'lapa.r'0tofllY po'; lOy. In addH~;on, in terms of botly

mass eheI1S¢$ (oatabol io response) # the "operate and

ob~$rve" policY gives a mw:.-;h better result compared to

usins washout Lmd no antibiotic or usins antibiotio only
"at-the time of $urgery; and gives the Game result as a

PQ!f~oy of pl a"nned re--looK lap~rotomy.

,

Us; '''is mechc;tf"l ieta1 wash'Put alone to dea 1 wi th intra ...

abdominal ihfeCtion gives the worst result in terms of

Mbrt@lity and its affect on ~ealth (i.e. body mass). It
:1$ thl.{cSth~, worst option available.

" ,;,

,- 1;<

,. ii
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..
result.s to the "operat,e and obset-ve" policy and ¢";bnfers

110 additional benefit. As,a possible treat.ment for :rAl it

app~ars, tlier~for{i, to have 'no (Special advanta,gers!, at

least in'''thEl antmai:;:~~.{:;!elused in this experiment.
'<~~,

c

,> ,., ,. ,.



98

1 Q Sb~nei'l</J" , ' SOU,] ansI;:) r fc~q ~ ~1eaJdos J "t,. J et a1•

1"1"09110$1$ in, Genera1 ised perttQiiHcis: Relation to
.1 '" (j Cf 0

?ause a?id Ffi~k' Factors. Arch. Surs. 1983; 11S: 285-

o

u

q"M$dda:U$~t.A~ and Si mmODS!R" L" Leave the Abdomen open
J~ . . . _::<~ ,I't; ;-;, ~ "'" ()

rOT' peri:tdrritisc: y~s, No, f>1,aybe?Ad\l. Sl.I1"9.. 1987;
c I'

RecoJ'firM"t:rom MultiQ.1.5?·organ Failure. A~,. ~
r: i.j Cor"-"

c il "::,_,

. ;::.

/) prOrJJt:1q~is in Acute Organ Sys~~ Failure. Ann. Sun;"
Vi) "x{

1985'; CI~2: eSG-aSS"

'"

o

for Estal1i');shed Peritoniti$~ The Results of a
\I

pr6$pec~ive Randomf:z~dOlinical T\~t4til. !Ann~. ~l,H::g.

1~~O;,'o:H;a; 350 ...355.~

6. 0 S~$ph<.an" M~» IJ,Lo\<lenth a1 J •
• r,'

"

o Lav~e in Hish ftLsk peritonitis. Surgery 1,,979; 85:

60a-606<).
)) -~

':-'
-_()'

'0 '



99

1. Hai1erback~., And~erson C. 7 IZnglund N. at ala A

study of continuous

p~ritoneal lavage post-operatively in the treatment

of purulent per'itonitis. Surg. Gytlaecol. Obstet.

i988; 163: 436.

s~ Schein M. J S.a.a.cliaR., ~d Decker G. intra Operativa

Peritoneal Lavage .• Surg. Gyneco1. Obstet. HH~S; 166!

9.
in" Critical Intra~abdominal A

,Prospective Personal

Unpublished.
Experience in 52 cases.

I<

10. H~rb'lle~ht P.J.; Ge.rrison R.N.~, Fry D.~. Early

surgJky R&laparotomy. Arch. Surg. 1984; 119: 369-
1: ~

jl

" 314~.Jf
'-J "Ji

,II ";~\'\
11 -:»

":;'). ~~,

V'ic'hlpr L.T.O':~(, Farr~ris 1'4.0\ Exploratory Laparotomy

o

/)

)l \

'Jror ~~otentfal Sepsis in Patients ,withMultiple Organ
1i 1

Fcrilur<s~ Aroh. SUrg .. 1983.; 118: 11'3.0'''"1133.

Pitcher 'W).O"'l Musner D..M" Cri'trl cal Importal'lce of

eal"ly P~a9no$is and Treatmerrt of Xntra"'Abd<:1In'ft'lal

Irrfsction. Arch. Surs. 1982. i1?! 32S-333.
c



100
13. Penninckx F.M.. v Kerremans R.P., and Lauw~rs P..t.tl.

\ i .

Plalined Re1aparotomies in the Surgl ca 1 Tr~atment bf
'"/

Severe Generalised faritDt1itis from Intestinal

Od gin. \'/01"'1d J. $i~,rg. 1983; 7; 7tr:2,:':711~l~,·

\' ')-_:

¥J ittman ,,','0 ~}tq "
"

SC;hedlJ'l@d, RGop~rat iOtis for Di :t.fus~ ,::,P,,~riton it is.
Arch. st1tg. 'i980'; 121: 147-152.

()

Abd~~'inal lnfactiqn. ~m.~J. Sur1l" .t986'; 162: 682-
G

',I

"

$teinb~is D. OM ¥'saving the Peri.tol"rsal Cavity Open
a

, Slurs. 19'1'9; '137~ 2f6-22~.
') 0 ;I.,

Lin

',," 11. '" . Duff ~J.H. ancLMoffat J. Abclomine1 Ssps is Man:.iged by

,J.,eaving Abdomen Oper.t~ Surgery 1981 ~ 90: 774-776.

,~

on " ->

181~, Maetani s(~ and 1\robe t. Open P~r.itoneal Ortdnirtg as
"!_r"

,D " (; \; jJ

1981; eo: 804-Sl)9.



" (/

""

101
19. Anderson E'.bq ,Mandelba.um D.M., 1;11isol1' E.C.~ Oar,ey

L.C. J and Cooperma.n N. Open Packing of ~he

Peritoneal Ca.vity in Generalised Bacterit:il
i~Peritpriitis. Am. J", Surg. 1983; 145: 131"'135•

.,\.

,;
1,1 ~~'

Goris~ J.A~ (Ogilvie's Method APplied to Infected

Wounc;i 01s(r'uption. Arch. SOurg_ 1980; 115: 1103-1101.-" ..
I;e

" -:)

Broome # A. t i1;;lnsscm ,..", Lundg, ren F. ~ and &medberg S.
i v"

Open ,!ij"'reatment of Abdominal Septic ca;pl$~r0Phesa

World J." Surs. 1'983; 19.2-796>"
c
!) '.'J'",o

"22• Musha 1 I) tv!. M. 1 San-ce\rJ1 cz J • and I rvi 119 i-1" H•

Laparostom~: A: Tec.f;ni~rl"te fot the management ,of
"

Intractable Intr'a. ...Abdom4f1af Sep~lsc Sr. J. Surs.

c

c-

(\t986; -('s: 263~256. '.:. ,

<' ,," '~. \_~

23., ~'16uters- O_~\rL~.~KromR·~A.F., 'Slooff tv1.J.H •• i(ootstra.
c - ~> 0 '

'"~
c! G. o'and l(uijjer P.~. The Use of Marlex .Mesh in

Patislbt$; with Ger~'Elrali'sed f.'sritbnit1s· emd Multipl,e

c

.-
Orsan system Fai1ure. Surg_ aynec.o1. Obf$tet~ 1983;

~se: 609":'614.
[,

u

Bradley'E ..,_L and Fulenwider T. Open Treatment of

Pancr6at~c Abs¢Gsses. Sure. Gynacol Obstet 1984;

159 ~ IS'09-51 s,



102
25. Pemberton J.H.,- ,Decker J.~lp 002;01$ R.R., Nagorney

O"M. ~ l'lstrup, 0., and, Remine W.H. Controlled Open

!_esser Sac prainage for Panoreatic Abscesses~ Ann.
«:

Surs. 1986; 203: 600-604.

~6. ,Wertheimer M.t) and,Norr'is 81' SurgicaJ Management of

Nec~oti.zin9 panqreatitis::. Arch" Surs. 19S6; 121:

)1484-487.'
Ir""0 " ,:

· A9~re$siv~ treatment (r~ sev.ere diffuse peritonii,s:

a pro$p$o~~ive'study~, Br ..' J. Surg 19a8; 76; 173"'176.

KrukQw~ki Z«H. ?ost-oPElratiYe AbdominaLSepsi's. Sr.

J." Surs" 1"S$e; 75:; /11;p3-1i$o~_.

i9~' 'Richardson J"O. 'and Polk H.C. Net\fer Adjunctive
,)

(j

rJ 'TrGatmentdti' tot' Per~_toni:tis. Surg~ry 1981 Z' 90: 917-

9iS.o

I,
a~,~~'RogerS' P.W. s ltJrigtrt I.H. 9 Ledingham I.MoA. Review:

Critical, Abdominal S~psis. J ..R.' Coll. Surg. IEdinb.

({

(! ,,II

0' (.I Q



103

32# $chein M., Saa.dia ~. and Oee~~er Q"A.G.'· The Op~n

Managemelflt of the Septic AbdOilnen. Sur-g. Gynecol.
I;

Obst'tat1986; 163: 58.7"';592.

33. Hedderich G.S., ~1e~ler !v1.J., lf1c: Lean A.P.Hq and
tJo ' Jj 'il _ _ .

t4eakihe ;,. L. 6 The Sept 10 Abdo~fen: Open Management.

with \~arlex' M1ash \'Jith.,a ziPpeJf • .:o-Su:rgery 1986;' 99:

3J)9-40'l. )
• u

(!I '

34.' . RaAson JYH~C. and Spencer F.C. Ftrevention, Diagnosis
",,"-:_ 1;, _ '

and'ireatment of'Pancreatic Ab,sqess. Surgery 1977;
("0 ••.

82: 99-1.06'.

1987,; CJ25: 108-109~',~

\). . ",
"

'P'q'?yprophylene M$sh Closute of the Abdomifrlal Wall.
;,,-t _ ",

Sr. J~ surg . .;t9~5; 73; 3-6 •
.p

,Ii
"

Mughal' M.M~y BanbEilwicz J". t Irving M.H. The Sur~flce\.l
o

Surg. Eng. Hl87; 69: ,64-69.
o

o

o 0

,.

.0



104
38. t.arviI'LM. t chamer'sA"G., Robirl~on P.J. J McMahonM.J~

Oebrid~m~nt and Clossd Cavity Irrigation for ':':'hsu _;;c;.-c'

Treatment of Pancreatlc Seps'is. Sr. J" Surg. 1$S9;
, 2';/

70: 465-471.

3~. Malangon; ~4.A.~· Richardson J. 0" Shall cross J. C. f

Se~lar J.G"1 and Polk H.C, Factors Oontributing to
'Fatal Outcome after Treatment of Pancreatic Abscess.

Am. Surg. 19$6; 203; 1}03-6Hl •

. p,jitients, wi'l',h Pancreatic Absce"$$, Am-.sur~r:1985;
202:, '408-417.

I) ,

o

41.. Barger H.G., BI.:.lChlef M~ et ala Necrosactomy and
~I

Post~operative !i Local Lflvage in Patients with
u 0 I

,n~ci'roti,~ing pa~:breat it; s, Resu1ts of a Prospect i'lie

q1inical Trial,' WJS19,)8; 12: 256-2Ef2'.
'1,'.1

~2. Nicho1son M.t..• ) Mortenson N.J ., ?lne Esp;Ret H.J •

panc6aati'd ab.scess. Results of Prolonged Irrigation

.~f ~Q.I';.creatic Bed after Sursery. Br. J. surs , 1988;
c; -(;»''':;/:;''1'''( "

. ,15: SS-s~.

il
Ii

o Ii
, :1



~ P 1.\

105
4$~ KfUI(owsld Z.{=L~ Matheson N.A. Emergenc;ySurgery for

o,ivertit~uiar Diseaso campl icated by Gener~,l ized and
tI '

/baecal Peritonitis. gr. J. $Ur9~ 19134; 71; 921-927.
"

:f

,44. Nagorfj(::"l<Y D.M. f Adson M.A'1 and Pemb('arton J.H.

Si'gmoid' i),1verticul itis' with Perforation and
" ~J

G('aheraliZ€irP ~:$ritoriitis. Dis. "Colon. Rectum" 1985;

k'8: 11:-75 ..

1-,

45. BakkErr F.C. $ Hoitsma H.F.W. am:! Den otter G. 'The

Hart,mann Pr0cedure~:Br", J. Surg .. 1982; 69: 580-082.
,;: c '~,' .,'\

46. Wa,lshrIG.L, Ch:iassqn p" et 21.1. The Open Abdomen.

'I (l ,

Nort.on b.W.' Does Oraioa,9G ,of. Intra-abdominal pus
") 0

,47.

'l

c ,e 1'49: 347--sao'.

'4_a~l '1Fry D.E. Multip)e Organ Failure. Surg. Cl1n. N"

Amer. 'leaS; e~t:i07-122~
(} "

; {}

Schein M", Saadia R., MacFarlane C., and Boffard 1<.
(i , -<_:-'_ --: <J

G",it.Barr:,iei'" FlJnoti'on and the Surgeon. Sr. J A Surg.
""' '_'i' '!;~.,

1990; .71: 481-492.
(}



106
50~ Browne M.K. and Leslie G.B. Animal Models Df

Pel"'itonitis. Sur-g_ Gynecol. obstet. 1976; 143: 738'"

740 ...

fSL \lJichterman K.A., Baue A.f.. t and Chaudry I.H. Saps'is

and Septic Shock....; A Review of L.aboratory Models and

a Proposal. J" Surg. Res. 1980; 29: 189"'201.

52. ~tf'einstein W.M., Onderdonk A.B., BartHrret ~L.G., and
.,

Borba-en s. L~ Experimental Intra-Abdc)minal AiJscesses
in Ra~s: Development <J-r an lSxperimenta.l Model.

. . ""'~~.4·"

ss, ,'Bartlett.' iJ .G., OnQ~rdonk A.B., LQuie T., Kasper
• - 11 ~~;

'.) ,~"

I)~'i;." ~ tilihd Gorba.ch S'"L • A Revi leW : 1,..es$onsfrom a.n
, i , :~

o 'Animal M6de'r,of ;Entra-Ab(1pminal Sepsis. Arch. Surg.
" , i:-

1918; liS: 953-a,P7 ~
1')

54·., OnderoPt'l I< , A. B~,
ii

Weinsta'i n \'1.M., Sull ivan N.M.,

/

Abdomina~~ Abscess,&s in Rats:
'I

"~cteriQlosy of' Inf~cted. Animals,: Infect. Immun.
Co

o i974; 1Ol~ 1256....1259~
I)
,~

n-
55. NiC'hols R.Eq Smith J.\'1., and BaJthazsr" E.R.

P~r.ij7.onitis and Intra"".Abd"mi nal Abscess: An

,E}<perimenta1 Model for the Eva1uation of Human
,'I Disease. J. surg" Res. 1978; 25: 129-134.



57. Onclerdonk A.B. J Bartlett J .G., and Louie T. at a'l ,

Microbial synergy il1 Experimental Intra-Abdominal

Absces$~ Infect .. Immun. 1976; 13; 22-26.

107
56. weinstein W.M., Onderdonk A~W., Bartlett J.G., Louie

T.J. ~ and Gotbach S.L. Anti Microbial Thorapy of

E)(perimental Intra-Abdominal SepSis. J. Infect. Dis.

1975; t32: 2S2-2S~.

, .

58. RoRkE! D., Revhan:;: A., and Gieriksky ICC. PMN

Activity and Endotoxin Kinetics in peritonitis

• ~!~hduced a:ft-..e·r140derata Trauma. QA'Cta. Cl in. Bc~mcL

59.

f989; 155: 497-502.

\.,

perH~on~al sepsis. eire.' Shock 1ge:.1~ 10: 351-359.

pO. Cheadle VI.G.l Brown G.•L. at a1. Effects of Muramyi
,i f II I:'

,)

, iiOipept'ide ,~~d Clinarnyc; n in a Murine ;l\bdomina]
\i i '

Abscess Model~ J. Surg. Res. 1986; 41: 3H)-325.

Sl::eepman H.K.,q Hi'ggs J,W'r Hayes D.I.C" land Hamit
(1 ,(,; ,')

H. F. Va1rue of Anti hi ot ics , Cort icoste 1"0 ids and
\ v "'.

II Peritoneaf 2avage ill the Treatment of EXP;erimento.l
Ii , .
~;p'e'r'i'i~oni,t,i$'17 ':Sur,g,ery "969; 66: -1060,-.;1'-06'6'.



loa
62. MCOanvil1e J~H. ~ Snyder M.J. et al. Model of Intra ....

abdominal Abscess in Mice. II'1feot. lmml.m. 19Bh a1:

507-51.19.

63. Onder-donR A.B. ~ Ka.sper D.L.· et 'a'l , Experimental

Animal Models of Anaerobic Inf$cti ons , Rev. Infect •.

54. Na.rat J.K., ¢1polhl A.F. at al. Intra-perit.oneal

drip in 'the pre'·sence of Abdominal Infection. Am. J.

Su.rg,. 1950;· 439-442.

65. Fry p, e., Garrison R"N..» at al. An Experiman'ta.)

Mo<;l91of Intra ....Abdomina1 Absoess in the Rat. Adv. in

Fri eel R. c. at al. Effect of

proprano 101 Ol1 Ni trogen and Energy Metahr:.'li Sill in

$($j:)sis. J $u.fs.. Res. 1990; 48: 313-41.
](1:

67. Lally K.P., Trettin J.O. t and Torma J. Adjunet.ive

Antibiot ic l..aVaga in Expel'"imental PeH toni ti. s. SU 1"'9.

Gyw~C';9~ Obstet. 19B3; 15$: 605 ....a08.

ea. K~y S'lI and Choy S.H. Resu'lts of Intra"'Peritoneal

InJection ofB~rium$u'phate contrast Medium. A.M.A.

Arah. of Path. 388-393.



in the

109
63. Maingot FL Abdt.:'rninal Op$rations Vol 11 6t.h Edition

N"Y. App1eton Century Crafti:}1$14; 141$,

70 .. ('olin I., and Nance F.C. Intestinal Ant.isepSis and

Peritonitis. from Perforations. In: S~biston D.C. ed
Davies-Chri stpphe r Textbook of Surgery.

Phl1a.d$lphia: w.a, .Saunders 1981; 1076.

11. Schein N" J and Sa-aOia. R. To Wash or hot t.o Wash'?

Obntarnim'1ted Periil,oneal Cavity, SAJS 1989; 27: 22-

Mihervim S. $ Bentley S., Youngs 0.» et a.l .•

Prophylaotic Salin~ Peritoneal Lavage .in Elective

ColoN~otal Operations. Dis. Colon~ Rectus. 1980; 23:

392-394.

73 Hunt..J .1.. •. General ited peritonitis: 10 Irrigate or

hot to lrri~{~te the Peritoneal Ca.vity. Arch. sura,
"'1$$2; 111 20$-212.

14.. Musit<er R•. Style .Guide. for Theses and Disserta.ti orrs .

.pn'versityof the vli't.ws.ter.sl"and Libra.ry. occasfcna l

PYbllcati¢ns 1SS0.

II



110

A P ~ EN D t X 1



TO FIND BEST DOS~ OF FAECAL INNOCULVM
111

- 40 Rats Divi ded into 4- Groups 0')1' 10 Each and Given Graduated

Doses 6f IrH100u 1urn.
0.1 rna Irmocl.llum Group.

KEY: 0+ .:: 'Rat Died.

Rat Day ofSurgery

Rat 1 198 Grsms
Rat:2 170 Grams
Rat 3 211 Grams

Rat.4 210 Grams

Rat 5 180 Grams
Rat 6 202 Grams
Rat l' 215 (irams
Rat 8 185 Grams

" :;

"Rat 9' 190 Gt'EUns

.Re\t 10 ' 2!2s Gt-~ms

Mass '
... SO",.' ·····1991:11.sr)'

'p

pc va1!ue

:1,

l "
U

II ."
u Ii

Day 1 Day:2 Day:3 Day 4 Day 5 Day 6 Uay'"

193 200 213
167 168 174-

204 206 2'04

200 205 219

11.5 183 187

1S1 196 186

210 215 222
1$9 11~ 180

180 :187 192
223 226 222

"",- ..~

191± 1S7:!: 200±
i8~59 1.7• 57 18.05

5 is 5.5 tL7

1.24 0.45 0.15

218 216 218 231

182 187 191 201

209 212 215 227
224 2:28 229 241

190 187 186 196
193 191 i95 2:04

228 226 224 233

182 183 186 197
iSB 193 187 187

221 220 224 226

205± 204± 202± 214±
17~60 17.7 17.8 19.1

5.5 5.6 5.6 6.0

1 0.9 'I .16 2.5

>0.05 >0,05 >0.05 >0.05 >O~05 >0.05 >0.05



112

Day ofSurgery Day 1 Day Z Day 3 Day 4 Day 5 Day a Day 7

Rat j 178 S:raro$ 17'2 .177 161 154- 157 162 162
Ra:b' 2 18G Grams 1.74 180 n~4 195 200 212 216

r1at 3 187 Graws i83

Rat 4 194- Grams "fee 186 185 196 192 ~OO 20e

Rat S 216 G~am$ 20a 214 310 213 216 222 235

I~at 6 'l93 Grams 192 192 192 198 199 19a·· 2tOa
jt

Rat. ''{ , 2QP Graws 19'9 197 204 206 205 212 216

,,-1 Rat a sae Grams 175 162 ,'~O4 211 212 216 219
Rat 9 1.75 Grams jets Hie 17~' 119 176 179 190

'.-\
'J - 'I':"

'Rat '10 ~j2~2 Grams ,,216 217 226 232 232 233 244-
'1

1\'-:-n; 1,\

c, ;;.'-;Mean 0

+ SO 194±15.26 ,j H17± 1e8~ 193~ 198± 197± 204t 210±
u " 1'6.4- 19.24 20 22 22 21'.9 24,':

'C'

,S,5 4.8 " 5.1 6.4 fL6 7,,3 7.3 7.3 $.0if
i'

Q i,\

t V:a~1us. 1.25 "1.02 0.21 0.51 0.59 1 .29 2.0
'(,J

P v~luff) >0.05 )O.C5 >0.05 >0.05 >0.00 >0.05 >0.06
'"

<:J

';5 ,

.;;_, ,'.

(/

Ii 0
I! a

it "
'I

o "
II

c.

"
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Rat Day ofSurgery Day Day Day Day
1 2 :3 4-

Day
5

Day Day Day
6 7 a

Rat 192>Grams 191 190 I0IO)

Rat 2 1SZ Grams 1$0. 1T5 183 187 194 195 198 20.4
Rat :3 198 Grams 192 194- 20.2 20.4 20.6 209 213 218

Rat 4- 164 Grams 1eo
Rat 5 191 Grams iSB lS3 ...
Rat (;) 1aO Grams 178 175 179 186 188 192 197 202
Rat 7 22.4 Grams t.O"! 205 21 1 215 221 223 .23 1 241

Rat 8 190 Gram'&', H~.6 20.0. 206 209 222 224 231 243
Rat 9 226 Grams 216 209 21 6 225 235 237 238 :247

Rat 10 193 Gran'ls 203 20.$

Mean.
"'" so

t90 192 199 .204 211 213 218 225
t n:h 0 ±12 •9 ±15 • 1 ± t5 .4 ±Hh 1 ±17 . 8 ± 17 •9 ± 2Q , :39

SE ~LO·
\

5.0 4e :3 6 .16 6 .28 7. :3 7.2 7.3 8 .28
0..62 1 .1. ~ 0.• 94 0 • 69 1 .5 1.8 2.46 :3 .1t value

>0.0.5 >0.05 >0..0.5 >0..05 >0.05 >0.0.5 >0.0.5 >0.05

(J
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Op4cc

Rat Day of Day Day Day Day Day Day Day DaySurgery 1 :2 3 4 5 6 7 8
~~

Rat 1 235 Or'ams 230
,_

-I

'Rat 2 1S.8 Grams 191 181 180 185 194 191 195 201

Rat 3 21,8 'Grams 213 209 209 215 227 225 228 237
Rat 4 231 Grams 227 222
Rat 5 1SJll- Grams 182 '.-o!

Rat 6, '(15 Gram$ 174- ....

Rat 7 :229 :.Gtams 218

Rat S 194 Grams 164 -.

Rat 9 172 Grams 180: 18S

Rat 10 199 Grams 1'91 "-~- - , ,....__..._

! ','

Mean '/
20$± 21St+ SD 202.5:t2S;S 191± 200;1: 197± 2.00± ;g"o± 211±

22.48 18.4 16.9 21 .2 23.3 24.04 23,.3 25.4

SE 1.5 tj~9 9.2 11 14.9 16.4 16.9 16.4 rr.e

,t va1ua 0.68 0.21

P va,lt~ec, )0.05 >0.05 - - ....
( I' ~!

J

t

1
rs

\';
lJ

!
I
I ;_1

!'
i ()

i Ii

i t!.\

i



115
pontrgTGroup Irradiated faeces barium fu;xture (sterile solution)

Body mass..1n grams

Rat Da.y of Day 1 Day 2, Day 3 Day 4 Day 5 Day 6.'.alAr'gary ..
'" _:>;,

'I,

i 192 Grams 18S 120 190 1,95 199 210
'1

2. 2QI7 Grams 190 196 200 208 z11 210
,.

2243 220 Grams 215 224- 224 235 230
4 211 Grams 202 208 213 214 223 219

5 216 Grams 205 2JO 212 217 220 221

Mean
+ SO 208±11 •i 199:S: 205 ;at 207± 211± 217t 215±

12 13.2 13.08 10.9 13.48 12. t

Sf:!
','- 4',,'$'6 5.36 5.9 5.8 4.8 5.9 5.4

.-.
<3t va1ue 1.1 a i 0.47 o, 1 0.6 1 .s 1

'::

P value >ooQQ5 >0,,05- >0.05 >0.05 >0.05 >0.05
r,
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GROUP I~ A 0114. 'i¥l~ " OF . I~N~ULUM (FAEd:A~ pUSPENSION) PLACED INTO
PERITONEAl,.. CAVITY 0} ~O ~U,LLIGRAt4S OF CeFOXlrIN AT THE' SM~E TI~4E.

BODY MASS IN GikAMS

Rat D~,y of.
$urgsYlY

Ra.t 1 204 Grams 190 184 179 '~ ..... t H~1 18$ 200i

Rat 2 220 Gra.nit; 204 208 218 217 217 217 230
Rat 3 196 Grarns 18'2 18S 1'93 iSS 196. tge 209\:

'Rat 4 1'90 Gr.a.ms, 181 180 1'75 172 174 i7a 193

Rat 5 15):~,)Grams 143 142 148 145 14B HiD 162
, \\

1S4 &rams , 1\\14Rat 6 1S3 lee 191 190 189 210, \\
\'. ,'.

Rat 7 202 Gf.\vns 190 1a1 2'03 197 190 190 200
Gr~~s

it

Ra.t a 178 '6!7 1);66 170 160 165 166 175
,\
CJ

Rat 9 190 Grams iSS iSS 192 193 199 196 1S9
'. " 172Rat 10 ,1"$4 Grams 1'74- 172 177 173 175 182

,Mean
'*' '$0

BE

t va1u$

") a R~tS.

1 R,at
Il

4 Rats
1 Rat' "

J'!

Hj1±17.9 'tao± 1?,8± 184.9 .181 .1 t83:!: 1132.8 196
H~',,3 '17,,0. :tiS •..tI;> ±20.4 19.4- ±18,64 t19.3

.$ .1 5.S 6.1 6.4- e.1 5.8 6.10

2 ..,1 2.3 1.0 1.5 1.18 1.24 0,98

>0.05 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05
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GROUP III ~ .0 ~4 rot OF INNOCm ...U~4,PLACED. INtO PERITONEAL CAVITY THEN 50
MILLIGRAMS OF CEFOXITIN GIVEN Il\:-RA-PERITOREA4LV ;; HCURS tATER ..

BODY MASS :eN GRAMS

Day of
Surgery

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Rat 1 1Sg GJ"ams 172 167 170 111 ~54 Hi2 163

Rat 2 222 Grams ~O6 214 .2.17 209 200 203 212

Rat 3 208 Grams 20i 190 116 163 155 -
Rat 4- 2(.}0 Grams 189 17.5 176 171 115 H13 187

Rat 5 1~e Grams 177 172 176 181 1n8 182 179

Rai~.(). ~.\2d Grams '20.9 200 213 204, .• 193 215 215
Ra'~ 7 ?O4. Grams 193 1a8 194 182 170 17'7 178

Rat )~ iF,S Grams 185 161 184 184 i74 174 180

Rat 9 206 Grams 194
~ l:.:

Ra;~ itl 204- Grams 191 HH 177 170 i60 170 175
I
r!

~,

'i
;!"
.i

Mean
4- '6 ZOSt 12\ 69" .192 l8S 187 182.3 172.1 183.25 186.1,Il ±il.S ±14.& ±11~2 f15.2 xiS.87 fit.53 ±is.1

3.7 4.8 5.7 5.0 5.2 6' .1 6.3

2.8 3.6 2.7 4.0 5.8 3.0 2.5

<0.05 <0.05 <0.05 <0.05 <0.001 <0005 (0.05

:3 Rat.s

Mult.iple MicI"o-Absce..SSGS }
'}

2 Abscesses }
}

1 Abscess }

survivors - sscr';ficed
on Day 7
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GROUP I"\_. 0,4. rna .OF INNOClJUJM PLACED INto PERITONEAL CAVITY THEN
\1ASHOUT (lIZ PERl'tONEA..J...C,~VIT"l WITH zeee OF SALINE 5 ~OlJRS" LATE:'R.

'BODY MASS IN GRAMS

Day of
.$.clrgery

O'ay 1 Otty 2: .Day 3 Day 4 Day 5 Day (5 Day 7

Rat "I 192 Grams 183
"

Rat 2 199 Gra.ms. ;178

Ftat 3 i~6 Grams .178

Rat 4 iSS Grams 115

Rat 5 1~g Grams 168i.{-'_::,'-_ -,

Rat a Hro Gratns 186

- -
i 71

156 168 179 183 164 193

-P.~4,,"" Hole in Bowel tharefore discarded
froll1 tri a 1

Rat 7 1S8 Grams i85

Rat' 8 190 Grams 178

Rat $ 192. Grams 173
',1

Rat 10 210' ,Gr~~ iSS
',~ '----h'

149 160

169

172: 175 184

15.3 149'

~l~an
192~'6~7~26 119.2 161:,,2 164.3 161 168 175.5 188,,5+ SO

±S~3 ±9,12 &4.04 ±13.t t17.3 ±S.3S :t6.36

J ~

10.1 3.74 3.74SE , 2.2 '1 .9 4.1 2.3 7.7
,"

,
13.3 2.6t value 1.0 7.7 3.6

P value '(O.OQ1 <0 ;'001 <0.0.01 <0.05 >0.05

1 Rat ._ 5 Abscesses"·

)
}.
}
)

The t,t",O eurvtvcr-s No 5 & a
sacrificed on Da.y 7

-

o
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GROUP V.. 0.4 Wi4' OF,' INNOCulu~, lN1Jb PERITONEAL CAVITY THEN 5 HOURS
t...,{iTERWA~HoUr OF PERIToNEAL CAV1.TY ~Ibltf20ID.1 OF SALINE ?" 50 MltLtGRA~~S
Ol!".'CE,FOXITtN INTRA-PERtTONEAlL Y ~ i': '" ii

o ~ 2 ~3 4 6 6
RATNO', DATE, OF )5/S/S9' sIs/aS 7hVS9 8/S/89 9/S/8S 10/13/89., $UR<;lERY' ,

~ '224 205
.2 220 ;:;, 202"

" '.;1 (,

3 207 192

4 205 190

205 ,216

199 ?OS
201 208"

1S;,{,. (5 190, 197.3 201'.4 200.1 2(\4~4
t16.4 ±HL6 -I' i .4±9.66 ±.1S.42 ±16 ..92 -...

3.0 4.2 5.3 5.4- 5.2 1.4
'.)

ILl 5~$ 3 e..? 2.6 2.8 1 .51

<0.001 {0.001 <O~05 <0.05 <0.05 >0.05

c

6 21's
o

6 200
7 223

-s

8 218

9 2Q4
10

"
(Mean
± SO 21·4.6

±9. f:it

.SE 3.0

205 195

17.9 165

206 '205

200 193

188 179

208 . '190

'" 0

, p value

Z;II, a- ~('

" .
o

:j

" II o "
!f

, jl.'-":'"

i~'04
JI c
1[118
11
'I

11218. +. "
. :1203

!j

hss
178

,218 21$ ,?16

204 210' 219

1'87 190 202
DIED OF SEPTIC SHOCK +
PERITONITIS I' NO
ABSCESSES. I

, ,
212- 204 2"'>4·

i88 192, 198

225 2~'S ~.22
209 209 220
i~6 200 201

174 160' 150~~

--



II

222
. i!~S l!OS

• ,11;11, Or- SEPTIC ,SHOCK 4' PE;!XTONITlS, NO ABSOESSElho
O

,

'2j'FQ'~' ,,:~~27 ' '~48 {-\I ,~9(~ 250

, ", "'~'IIJ.:..,&4" "" ,',1,'\' '-):L,',~f.\I!o- ' , ,/J~ Ii" 1"Ji"J~c.V , 4:i~0' 211~~::J);"~:' t;.~~

\ C' 0 c

,Fa \~\ '223 ,> 24lir' c; ~51

~:23 ·r; 22$ .245 2~S 242
(; , Ii

"..4' ' !, 209 211 210"9 ' '229" 230 234~a. '
" Jr.l'i. : ,10 S;~;'L.t.;nAa~CeS$ES IN A8DOMINAL "c~vrr;:~J EUTHANAStOv

__ ~ o~;~'_~;~"~~ __----~~~--~~-~--0~-~

RAT
,NO

t

l)Z

3

c 4- c

'5

'nel ,,'

':1'

,8,'

10

7 SC'
1,Jls/as 1'12J8/89

9 12 13 1. 1B,
13/8J~9 15/S/89 Hi/a/SS i11e/8S 18/sis9

c .. - ,,',. ,~:
, .

-230 242 24S <247" " 249
-: Xl

0

c ,-,.; .-,

,~46~232 !j 246 Z~5 252;''> o

J(
,j

2~6
,,

219 222, 226 2:S5c»

Mean 216 220 226' n, 231 238 ,_:::. 239 242 ,...

"± "SO
o ±9."34 ':1:10.62- ±10.1,2 ±i$.5 ±1 1.87 c, ±9,.92 t10.615

r)

d
"

,',
0

,;"

SI: 3.3 3.7 3~'5 4.7 4 ~l' 3,,5 3.7
C) ~~~

>:, t value 0 ..75 '1..5 3.46 3.6 I", 5.85 1# 1 7.4

'1 >0.0& <0.05 <0.001 <0.001 <0.0010 p valu~ >0.05 to.;l(;}5

c c

1J



215
2al?(S9

S6 40. i:::,

7/9/89 }~,1/g/a9
II

"f ,) l,~l'~_:-t

11 ,', ~'·J'-'Z591:l"
o f

., ~2" 25Sf

i3 ',,23:6

0 ,~?c$~.274 28~ 288
"

') \-!

~;-f 0

2$5 273 2-t~, c~ 2$1 :2751.'\,

",Ii
Cl", 2111 "'0>~6.2

-z

= , 243 o 2.56 ;_~-~-- 258

,,,~84
\..~~~;
264

'II:

"0'
1.5

~,)-,,14

253
ij

215,
(~) ,

j'"..280
,1241

304-

'258

•

285 ' ,:2,98

276

'-

'Ii '-:~175
~ 0

271

,I 272

.,
2276' <i,

281
'b216

SE"
o

,'), . '3c~18
((('", ,\

4.6 4~8 5 .2 " 4.1

-8.9 10.9 11 .4 ,13~1
(_:

,I (')'

<0. ~'OOf <0.0.01 <0.001 <0..0.91

'15. S, ,

9.8 12.

<0.0.01 <0..001.

o
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GffCn;A V .., 4;) piJ. ffl!l ,OFillNNOeUlV~·i lCNrp PERITONEAL' CAVl:fJ tHEN 5 HOURS LA1!E~~
WASHOUT QF' J~~RITPN~AV CAVITY WITH :at) rn~ OF SAGltt + SO MllL;I~RAi<~S O~t
Ci;FO)bI1!N If~rRA...;pefU:TONEAll¥~ " f~ONTINUr:D tIl) i\ ' II

)) ,"
1;>'

e?:\r NO
:-p,:.'~-JI

44~
c ,,15/~~!j9

c

,,4 NO fo\3SCESSES.' ,) ,

,
o ?61 ,211

2840
{i - \J- .,

1,

;,.(j

"297

292
;t20"" 6

". ,,298
:t16,,1

~'"
,If'

\ '
v ,,(J

(\ '.,

IJe,.~s..

t value iO.Stl- 12.$ 11 ,,0 151i3~
..

"
"

>::

~a~OO'1 <0.0'01 <0.001 (f) ,·001
,'_ .. :

;.11
" (\ "" " \,
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.GROUP Vl", 0 • .4 rna OF INNOOUl..U~1 IUnRA-PERI'fONEAU. Y HEN 5 HOURS !LATER
WITH 201lil~ OF SALINE AND 50 MILtJtGRA~lS \ CEFOXI'jIN IN

PER EAllV FlO ,;,24 HOURS LATER ~'f' PLANNED t OOK" Ej{~l.;ORA:
OF,' ~BtlO~?J£N'Al, CA, lAt;AROTOMY) AND ~ASHOUT ~nTH i:~O mt OF SAL.lNE.,

-t,' /1. ,;
, ~,O , '2 3

R~T 'O~rrE {'oF 11{ajSg -1''$/8/89; 19/5}:tH}
, NO- ,StfRGE~'Vd-?'" '"

220-

206 0

2,00
o

187

a
22/8/89

,208
: " (I ! (\

~ ANAe~rHeTIC O!lATH
, .. </--1,.

1,93 "196

iSS

209"

. t,:: j}

\'2~~
185 (193

180 H33

201 p.!6~

o

207"±24.4
I? 19$.S

,:;:t24 .s
';:-,,0

,~) 0

"·1;:';~2·

, C1

.'

D

" 'J
l~(

1S9."r
±23~,9C

7 ..p, ,ll'

>0.05

1,89 192 195
'''.1

'1sa." i~,6 QOO
() /;.

,a9 ;aos ~12

221 22:9 238

204, 207 212
:,\

190, 195'191
,ars 221 221

f.,

,.;~

26,6
!)

212 21';!¢e. "

±2~.'6 ±i>,,6.7' :!;2(1,.36
"

f~

S'.9',$.6 ,8. 7

1 .09 0.38 Oli26

)0.05 >O~0i5 )0.06
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GROUP VI" 0 ..4~ mD 'QF INNQCUl.Ultl INTRA-PERITONEAtL V THEN S HOUl~$ LATE:R,
~JASHOUTW1TH 2Omh' OF SAl'IN~ At~D 50 MIJ.J...IGRM4S OF CEFOXITIN INTRA-

, PE~ITONEALlY fOLtOt'JEQ 24 HOURS',LATSft BY.IOLANNEO i'IRElOOI(" EXPLOIRATION
OF )\aOO~4lNA~ CAVITY (I,APAROT.OM'() AND ,\,iASHOUT'.WIT~ 20 mh OF SALINE.
,(CONIINU~D "l) . ..

"RAT
NO

1

2

5

a "
t
8' ,

9

10

,
16 19 23 26 30

1/9/89< 4/9/89' 8/9/8e 11/9/89 1$/9/89

206 "", '21~~\" i4s
'.' , -' -, -, '_, - . - -' - /;'
ANAESTH!;T1C IJEATfl ')-

;;21~ c.

240,

23~

.278

257
v;

196' " 210~

210" ,.,,0 " ~ao
';

(~-

220 23(}
"(

.247 @70
2~~ 244

.,210 228

226 25S

'J.T1 ?90 IJ.'.:'i~
b)~; .. · _j C

M~ai1
" t.,.' -$0.>

\"1
\\

o h

,.51: '

235'

2$5

298

"

g2,$.7,;, 243. 2 ~5!2 '
+~4.6., ,:1:25.02 :!:24.5-- ".-, '"

',-;

8.12

• '''-U~
t va llltG' .0'

:1
\\ ,f! \\

o P Va1~Je, >C\.05~" <C.06
',:0

c {}",

<0 ••05

, '\

241 241·. 253 254

"'"

225 222 283 232
248 (; 241 266 260
243 239 248 255
289 289 302, 304

248 251 270 276
242 ,241 260 255

263 26f: 285 282

304 .271 304 310

,~-~r-
, II

261 ,1 213.1 269.6i155. ~I
f26. ~j :t21 .2 ±21 .Q ±26.4

8.4 1.0 7.0 8.4-

4.,,8 • 5.9 8.2 6.4-

<O~05 <0.001 <0.001 <0.001'
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GROUP VI. 0.4 rna OF INNOCULUM INTRA ....PERITONEALlY tHEN 5 HOURS LATER
\~ASHOUr tJIIH 20 Fl OF SALINE AND SO MILLIGRAMS OF CeFOXITIN ..INTRA'"
~~eR1TONEALLY F'OLlot'JE1) 24 HQURS lAT~R BY PLANNED "REtOOI(" EXPLORATION
(,n~ AaDO~·r.tNAt CAVITY (lAPI4ROI0~.jJY) AND WASHOUT t'\ll1"H 20 m~ OF SALJmlEa
(CONTINUED II) a

34 40 47 64
RAT NO 49/9/813 ,~5/9/ag ~/1 0/89 9/10/89,--.-------~.............,------_,_--------... --------.--,

263 261 , ..264,· 272

3 239
258

?'54

310
277
zag

285

318

24.1

210
~o

27e

257
.338

296

286
302

336

303

282

306
349

278

6 333

7

8

9

10 332 --------------
Mea.n

$.S 8.1 9.7 10.a 10.3

t v.alu~, 6.7 7.0 6.9 7.7

(O~001 (0.001 <0.001 (0.001

62 as
17/10/$9 23/1.0/89

282 209

260
282
,209

352
352
287
315
33,

261
287
28<1-

356
356
298
32(7
347

297.7
±30.0

306
±31.2

10.0 10.14

8.2 8.7

<0.001 {O.001

SURVlV~~~S SA~RIFxeEQ 23/10/SS - '! RAT HAD ABSCESS. REST ALL CLEAR.

11.
II

;::,\
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COMPAFH:SON OF .•.gREl.OOI< LApAROTOMY' 'liS ~OPERATE AND'. OBS.ERVE'

FOR .THe 12 DAYS IN WHICH THE 2 GROUPS COULD BE NATCHEO

EXACTl.Y; FOR. ALL 20 AN!MAl.e

(n=ro)··· L~p.atotomy

o 1

216 207 199 200 206 212 .2 ra 224 243 283 ZG9 295

2 3 4 5 6 7 12 40 47 54

ANOVA •

.SOVRCE ss .df' ms F

Between ..l?ubs

Group
Residual
Within subs
Day
Group. Da.y

Res~dual .

Total

97 253 19

3 621 1

93 626 18

261 132 198

250 99:6 11

1 075 11

.~ 1~5~661. ~1~7~6--------~8~9--
364 985 211

3 627

5 201

01.7

22 818

S8 it • 1

(; ..) Berth srou.p~s 4'f. animal S .$howed a si gn.;f;cant wei9h't~ ehange*
i;)'?ar the' tj me period .[Fe 11,176 J := 256: p:::O. ()001 J. A
~i9nif'icar't weight 'IOS$ over the first few days was
followed OY.a significant Weight gain.

HoweVer., .there were 1'\0 $;gnifi,~a.nt difference· beliween the
two sroups in their we.ight. change [F(11, 176) ::: 1.1:
p:=O. ~rel.•

(1i) ~JitI1in ~ach grOUPlt Tuokey's critical range test. showed that
difT~.rence .in weight of greater than 169..between days were
statistically s; gnificant at 1the 5'6 level.
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C01;1PAR:tSOMSOF .~~t.OOI( lAPAROTOMY~.. \IS ~OPERATE AND OBSERVe

FOR THJg 12 ,1'-1A'tCHED DAYS FOR THE SURVIVORS .. ONLY (17

ANIMALS) ••

o 1

DAY

2 3 4 5 6 7 12 40 47 54

Z15 207 HIS 200 206 212 218 224 243 283 289 295

(0::;8) No tapar.otomy 214 197 i 93 203 205 205 211 217 232 279 290 293;

;!.\_~GV~_~~

.§9URCe
E~etweensubs

df rna

Day
G.r('.lUp. Day

74t514

945

73 669
202 841

250 518

861
11 456

331 354

16

1

15

187

11

11

165

203

945

4- 905
0 .•2

ftesidual

Wi'th in subS

Residua1

227748

79

69.4
1.1

Total

(i) Both gr'oups oT animals showed a significant weight, change
over the "time. period •. [F(11.165j .::: 32a; p 10.0001]. A
s;gnif;loant weisht 100$ over .. the. first few ..days was
fol1olt/e~~tlY a s1sn.ificant weight gain. However I there we.r'e
no si9tdf;;can~~di.fferences between the tW9 groups in thei}"weight. C'fjanges [F(11$.165) :::.. 1 e .1: p::: O.•~6J.

(i n Within eaoh sroup, Tukey's critical r.ar,ge. test ..~~howedthat
d'jffersnct#$ in wei ght of greater than .:!if.a between days were
statistiQal1y significant at the 5% level.
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3. CO~~PARlSONS. BETtiE!:::!\! THE GROUPS FOR' .1j qCLOSELY MATCHED'

DAYS. F<OR ALL ~O ANINALS

Mean \.lIe; ahts:

Day Lap~rotomy No Laparotomy Laparotomy No Laparotomy

Day 0 216 215 15/16 253 242
Day 1 201 198 HU19 256 2.47

Day :2 199 191 25/26 268 268
Day 3 2QO 197 26/30 270 274

Day 4- 206 201 40 283 279
i

Day 5 212 201 47 289 290

Day 6 2H3 204- lf4 29'5 293

Day 7 224 211 61/62 298 2$9
Day 12 243 232

~,

ANOVA ..
SOURCE. ss df !J1§. F

aetwe~t1 subs 139 486 19

Group 4 044- 1 4- 044- 0.5
Residual 135 442 18 7 525

Within subs 382 464 283

Day 359 969 16 22 498 273*

Group. PaJ' 1 823 16 114 1.4
i' 20 612 251 82.4Residua.1

Tota.1 521. 950 302

I"~
,
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(i) Both. groups gf animals sh¢w~,da':"~isnjfico~nt v/eight. change
over ,the "Gime per4.6d 6rF(1)~t1~2$1) '!!'. 273 :' p10;'OOOll. A
..si tim,,'j;'Ficant 10$$ over ,~·t~efi I"st few" dal~vwas fol10\1stl by a
si9nific~nt. \'1eight gain. However, theY=',e~I[~ere n6 $,igntf1can't
.d i;f:fe rei'1ces bet¥leen ~nei'two ~lPOUj;JS1n thISir wei 9ht'i c.~ange'S
rF(:[a<,'251) ::: 1"..4 r P ..=" O. 14]; .'? '. J! "

'i: · -:' :.:--_-::~-"::,;' - _;;,:,': -.',-':>" " o. __-: -:;,.·_,Bl' _ i ',--_,_' ., :,_,:;,J"".".- ',' - ----,-:."'-: " '. __ . .. ',.' ,',,' ., __ _ _ __ ., .,',', __,' ',_ ,.__ . -, - :- ,;:-'" _ _ _", .',_ :' ~ 0 _c~\):' ,

",. ,;,\\{i1..) ltathin eacJ:t ,group, Tukey's' critical <range t~st *1fhowedthat
difiterences in wei sht of greater pthan 169, b~twei~ll:'days were
stat.ietlcal1y slgnifice.ht "at th\':J .?~ leval.:· 0,;"

. 0 ~
Y,"'·· :.;. i:,<

o
n
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4. gOMPARISONS ~BETWEEN_:rW; GROUPS FOR· 1'7 qCLOSELY 1\s1ATCHEDD

DAVS_;=;QR 'fHE SURVIVORS ONLY
'. 'U' ' fr

laparotomy ,No Lap~rotCimY Lapa;t~\tomy No Laparotomy
I)

Day 0
c

Day 1

21$

207
r:>

214 15/16 253 242
1~7 18/19 256 247

193 25/26 260 2&8
20c3 26/30 270 274

205 40 283 ~79

205 47 289 ,,'.0

2 f 1 54 295 293
217, 61/62 298 299
232

.........._.t ... ~

Day 2 199

Day 3 '200

Day 4 206

,Day 5, 212

O~V '6 218

Day 1 224
Day 12 243

Ai"JOVA.

SOURPilE~, ~L_ .~ ~mllis~ ~F __

,I; "

~Iota'

S9 df

i03 087 16

1 081 1

102 006 15

377 574 272

359 492 16
1 615 16

16 467 240

480 660 288

1 0'81 0.2
Between ',subs
Group
Re~idual

\qithin subs

Day,

,Group. /ira.y

,Residual

(;) 800

22 46B

101

68.6

327*
i .5

~----~~--~----------------------------
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\,1.

Both groups ,df animef1s, showed a sjgrdficant weight cha.nge
over the time _,per"l~bd[F'{16,·240) :;: 327; pH),.OOO1]. A
signi'ficant loss"over the first -ret'! days was followed by, a
signffica.nt weight gai'n. HoweY-,er, there were no significant
diffe!reno:'Cls between the two g:roups ilJ'their weight changes
tFC16,24b)' 01.5; p = 0.10]' ' .

Wj~hin each 9roup~ ;:Tul~ey~scritical' rangs test showed that
differ.ences in weight of grea:ter than 149 betli'leen days' w~rt:l
statisticallY si~ni11cant at the-~% 19v:e1. .







Author: Browning N
Name of thesis: The role of planned relook laparotomy in the management of severe intra-abdominal infection in an
experimental rat model

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the Un ive rs ity of th e Witwa te rs ra nd, J0 han nesb u rg Li b ra ry website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.


