
150 BACTERIAL MIGRATION DURING PERITONEAL IRRIGATION 

ted to peritoneal irrigation for uremia sug- 
gests that the mechanism of invasion in these 
patients was similar to that in the forepoing 
experimlen ts. 

Summary. Chemical peritonitis induced by 
repeated injections of monolate or gum-traga- 
canth in rabbits and dogs results in the ap- 
pearance of E. coli in pure culture, in small 
to moderate numbers. in the inflamed periton- 
eum, Once this Contamination is established, 

it continues for some time after the injections 
are discontinued. Eventually all cultures are 
sterile. 

By exclusion of all other possible sources 
of contamination of the inflamed peritoneum, 
it appears that the E. coli fiound in the peri- 
toneal exudate is derived from the intestinal 
lumen by transmural migration. 

Rccri~.rd F. 'ck)~ua~g- 17, 1949. P.S.E.B.M., 1949, 71. 
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Peritonitis due to Escherichia coli in pure 
culture occurs readily during peritoneal irriga- 
tion for the treatment of acute renal fai1ure.l 
Clinical data suggested that the peritonitis was 
due to invasion of the peritoneum by the trans- 
mural migration of E. coli from the intestinal 
lumen .I 

In  a prtevious experimental study2 it was 
demonstrated that transmural migration of 
E. coli can be induced by the intraperitoneal 
injection of strong irritants, but that bacterial 
peritonitis does not ensue. Tt was then con- 
sidered desirable to determine whether the ir- 
rigating fluid used in treating acute renal fail- 
ure can also provoke a bacterial invasion of 
the peritoneal cavity from the gut. The data 
to follow demonstrate that bacterial contam- 
ination is produced following in traperitoneal 
administration of this irrigating fluid in uremic 

* The work described in this paper was done 
under a contract, rwoiiin1e11ded by the Coniinittee 
on Medical Research of the Office of Saval  Re- 
search of the United States Kavy and Harvard 
University. 

t With the technical assistance of Sunya Gordon 
and Dorothy Kaufman. 

1 Frank, H. A., Srligmtln. A. N., t m d  Fine, J., 
Ann. Xurg., 1948, 128, 561. 

2 Schweinburg, F. B., and Heimberg, F., €'ROC. 

dogs but not in normal dogs and that prophy- 
lactic oral antibiotic therapy is effective in 
preventing it. 

Method.  Xormal dogs, and dogs made 
uremic by removal of both kidneys 24-72 
hours previously, were treated as follows: Fif- 
teen hundred to 3000 cc of sterile irrigating 
fluid: was injected into &e peritoneal cavity 
by needle puncture under rigid sterile precau- 
tions. The fluid! as it escaped from the 
needle, just before and just after the puncture, 
was inoculated into dextrose broth. Alt the 
same time, swabs of the site of puncture of 
the skin, which had been prepared by shav- 

The 2 solutions used €or infusion were those 
which had been used in patients for peritoneal 
irrigation1 Each was used in  about half of the 
experiments. As there was no difference in their 
effect, the results are nut considered separately. 

_ _ ~  ~ 

NaC1 
KC1 
CaCI, 
31gC12 * 6HZO 
NaHCO:; 
llextrose 
Gelatin$ 
pH after sterilization 

7.25 
0.19 
0.095 
0.2025 
1.5 
9.5 
4.75 
7.9 

Solution B 
(g/l) _-___- 

7.4 
0.05 
0.05 
0.22 
0.77 
5.0 

10.0 
7.2-7.6 

$ W e  are indebted t o  the Atlantic Gelatin Com- 
m n v  for the pelatin ixsed in these experiments. 
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ing, alcohol and zephiran, were also inoculated 
into dlextrose broth. To establish the initial 
sterility of the peritoneal cavity, fluid aspirat- 
ed. from the peritoneal cavity shortly after the 
first infusion was inoculated into dextrose 
broth, on agar and endo plates and into an- 
aerobic media. I I  Infusions were given twice 
daily and the foregoing procedures were re- 
peated on each occasion, except that just pre- 
ceding each subsequent infusion all the fluid 
which could be aspirated was removed and a 
sample inoculated into the various media. Cul- 
tures were observed €or 10 days unless they 
becam'e positive earlier. 

Three normal dogs ( S o .  1-3) received a 
total of 10-40 liters in a period of 11-16 days. 
In  2 ,  very little of the infused fluid was re- 
covered by aspiration, but in the third, 30 of 
the 40 liters given were recovered. 

Eighteen dugs were made uremic by removal 
of both kidneys. They are divided into 3 
groups. The first group of 11 ( S o .  4-14) was 
treated in the same way as the normal dogs, 
but thse food and fluid offered postoperatively 
was not consumed. In  the second group of 
3 (No. 15-17) a sterile foreign body (a  rubber 
or stainless steel tube or both) was placed 
in the peritoneal cavity a t  the time of nephrec- 
tomy. In  the third group of 4 ( S o .  18-21) 
0.10 g of streptomycin and 1.0 g of sulfathali- 
dine were given orally for 4-5 days prior to 
nephrectomy. Daily aerobic and anaerobic 
cultures of the stool were prepared and ob- 
served for several days preceding nephrec- 
tomy. 

Blood was taken for culture from all dogs 
every second day until death. 

Results (Table 1) S o r m a l  Dogs. I n  all 3 
normal dogs a few leucocytes per high power 
field appeared in the peritoneal fluid for the 
first time on the third day of the infusions, 
They increased only slightly in number there- 
after. The peritoneum a t  the end of the ex- 
perimental period was smooth, glossy, and 
entirely free of any reaction. No growth was 
obtained in any of the peritoneal fluid cul- 
tures. I t  is, therefore, evident that exposure 
of the peritoneal cavity of a normal dog to 
these irrigating fluids for much of each day 

-- ~ 

(1 Anaerobic cultures were done in  6 of the 
uremic dogs. 

for a period of somie 2 weeks does not produce 
detectdble bacterial contarnination. 

In  10 rabbits treated and observed in the 
same way for 14-16 days, the results were 
precisely the same. 

Uremic Dogs. Untreabed dogs survive not 
more than 3-4 days after bilateral nephrec- 
tomy. Two of the 11 dogs in Group I (NO. 
4-14) died on the 3rd and 4th day of infusion 
respectively. The aspirated fluid remained 
sterile. I n  the remaining 9, the aspirated 
fluid was sterile for the first 3 days of infusion. 
Leucocytes in the aspirated fluid appeared 
for the first time on the 2nd or 3rd day, and 
increased only slightly in number thereafter. 
Positive cultures were obtained for the first 
time from the fourth to the ninth day of in- 
fusion, and remained positive in all 9 dogs 
until death, which occurrled 5-16 days after 
the infusions were started. E. coli was the 
contaminating organism in all instances; in 
pure culture in 2 ,  together with Aerobacter 
mrngcnes in 7 .  The number of colonies was 
always small, with E.  coli predominating, ex- 
cept in Dog. 11. XQ clostridia were found in 
any of the anaerobic cultures. Only 2 dogs 
( X o .  11 and KO. 13) developed purulent peri- 
tonitis. In  Dog 11, E. coli, A .  aerogenes and 
Yseudonzonas aeruginosa ( B .  pyocyaneus) 
were isolated. In  Dog 13, E. coli and Bacillus 
megatherium were isolated, 

In  Group II (Dogs 15-17), contamination 
appeared for the first time on the 8th day of 
infusion in Dog 15, and on the 3rd day in 
Dog 17. Peritonitis did not dlevebp in these 
dogs. Dog 16, which died of pneumonia 72 
hours after nephrectomy, showed a sterile peri- 
toneal inflammation after 48 hours of infusion. 
It appears that the sterile foreign body does 
not influence the time or diegree of invasion 
of the peritoneal cavity by intestinal organ- 
isms. 

I n  Group III (Dogs 18-21), the standard 
stool cultures remained sterile. A fecal 
suspension thvee times as dense as the stand- 
ard yielded scanty growth of Streptococcus 
fecalis and diphtheroids, but no E. coli or 
clostridia. None of the four dogs in this 
group showed bacterial contamination of the 
aspirated fluid a t  any time, although the leu- 
cocyte response was thle same as in the other 
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nephrectomized dogs. Their survival times 
were 5, 6, 9 and 12  days after the start of 
the infusions. 

Death was due to uremia in all dogs in all 
3 groups (except Dog 16) with purultent peri- 
tonitis contributing in Dogs 1 1  & 13. 

The blood cultures were uniformly sterile. 
Cultures from the skin of the abdomen and 
of the irrigatinlg fluid were always sterile be- 
fope the infusion. Exceptionally a scanty 
growth was obtained from the skin after  he 
infusion was given. The organisms recovered 
were the usual skin inhabitants, i.e. Staphylo- 
coccus albus, Bacillus subtilis, diphtheroids or 
sarcinae, and not the intestinal flora recovlered 
from the aspirated fluid (Table I). 

Discussion. The bacteria recovered from 
the aspirated fluid are clearly of intestinal 
origin. 1, because of the species found and 2, 
because their elimination from the intestine by 
oral chemotherapy prevents peritoneal con- 
tamination. The route of invasion is trans- 
mural. since the blood culturles were negative. 
The number of bacteria recovered in cultures 
was always small. Presumably this number 
is a measure of the balance between the num- 
ber invading and the numb'er leaving or being 
destroyed. I t  has been observed3 that the peri- 
toneum of dogs can destroy or eliminate a 
large number of bacteria without reacting with 
severe inflammation. Since the peritoneal cul- 
tures were uniformly negative in normal irri- 
gated dogs, it  appears that the uremic state 
makes tbe intestinal wall more permeable to 
bacteria or reduces the ability of the periton- 
eum to destroy them. The fact that only two 
of the fourteen uremic dfogs which showed in- 
vasion developed purulent peritonitis may 
be due to the small number of invading bac- 
teria or to the considerable natural resistance 
of the dog to these organisms. 

It is noteworthy that the organisms rlecov- 
ered from the uremic dogs were the same as 
those from uremic patients treated with (the 
same irrigating fluid.l Since thte leucocyte re- 
sponse to the fluid in the normal animal is very 
slight, the fluid is a t  most a very mild stimulus 
to inflammation, Sinice neither the irrigating 

3 Steinberg, B., Goldblatt, H., Arch. Int .  Med., 
1927, 39, 446;  1927, 39, 449. 

fluid alone nor uremia alone1 is capable 
of producing peritonleal contamination, i t  ap- 
pears that bloth factors acting together are re- 
sponsible for the bacterial contamination. The 
ppecise role played by the uremic state is not 
clear. Thle fact that many of the uremic dogs 
showed an edematous intestinal wall at autop- 
sy suggests that transmural migration may be 
due to the edema resulting from the absence 
of renal excretion, and that thle uremia itself, 
so far as this phenomenon is concerned, is 
merely coincidental. However, in our clinical 
experience, the incidence of peritoneal con- 
tamination in irrigatted patients was no less 
in those in whom overhydration was avoided. 
The ready development of E. coli peritonitis 
in man following contamination, as compared 
to animals, may be due to a lower natural re- 
sistance to E. coli, which the uremic state may 
furthler reduce. 

This experimental study suggests that the 
treatment of acutle renal failure in man by 
peritoneal irrigation may prove less hazardous, 
if a sufficient reduction of intestinal bacteria 
can b,e accomplished before treatment and 
maintained during treatment. 

Summary and conclusions. Repeated intra- 
peritoneal infusion of thie fluid used for peri- 
tloneal irrigation in uremic patients, adminis- 
tered asleptically to healthy rabbits and dogs 
for 11-16 days, produced a moderate leukocy- 
tic response, but the peritoneum remained frele 
of bacteria or visible inflammatory reaction. In 
uremic dogs, however, bacterial contamination 
oif the peritoneal fluid developed after the 4th 
day o f  irrigation. The  micro-lorganisms found 
were E. coli alone or with A .  aerogenes. Qc- 
casionally, several other species, normally 
found in the intestine, appeared ; but clostridia 
were never bund.  Preliminary oral adminis- 
tration of streptomycin and sulfathalidine pre- 
vented contamination of the peritoneal fluid. 
B l o d  cultures were uniformly sterile through- 
out the period of observation. It is concluded 
that irrigation of the peritoneal cavity of ure- 
mic 'dogs causes transmural migration of in- 
testinal bacteria and that oral chemotherapy 
can prevent such contamination. 

Received February 17, 1949. P.S.E.B.M., 1949, 71. 


