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We prospectively studied peritonitis secondary to small bowel
leakage in 30 critically ill patients, each of whom had complete
diversion of intestinal continuity by stoma, fistula, or both. All
patients received total parenteral nutrition during implementation
of the protocol. The proximal intestinal effluent was collected
and recycled into the distal small bowel. During reinfusion of
succus entericus, a significant reduction in the output of the
proximal stoma was observed (mean 30.2%, p < 0.001). The
reinfusion also significantly reduced the volume from isolated
small bowel loops in six patients (32.6%, p < 0.001). When
isotonic dialysate solution was infused into the distal intestine,
a lesser though significant reduction in stoma output occurred
(mean 20.3%, p < 0.001). These findings demonstrate a con-
sistent inhibitory effect upon upper pstrointestinal secretions
by reinfusion of succus entericus. Clinical benefits of this tech-
nique include simplified control of fluid and electrolyte balance
in patients with high output stomas and optimal utilization of
remaining absorptive capacity for enteral nutrition.

IN PERITONITIS SECONDARY TO colonic leakage, the
techniques of exteriorization or resection followed by

colostomy and mucous fistula, in contrast to the methods
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ofprimary repair in situ or of resection and reanastomosis
are widely accepted as a means to reduce morbidity and
mortality. Experimental evidence ofenhanced collagenase
activity and poor colonic wound healing in the presence
of inflammation clearly justifies this clinical practice.5'6
A similar approach to peritonitis due to small bowel leak-
age has not achieved such wide acceptance despite reports
suggesting benefit.4"2

At the Hopital Saint-Antoine, Paris, Center for Diges-
tive Surgery, a referral center for septic abdominal con-
ditions and gastrointestinal fistula, the policy was adopted
in 1969 ofavoiding primary repair ofsmall bowel leakage
with associated generalized peritonitis. Of nearly 500 pa-
tients with peritonitis and 350 with either spontaneous
or postoperative enterocutaneous fistula, 250 have re-
quired resection and double enterostomies; in the re-
mainder, surgical procedures have been limited to drain-
age of abscesses and appropriate local care during the
acute phase. In such critically ill patients, it is necessary
to treat systemic sepsis, to correct malnutrition, and to
maintain fluid and electrolyte balance, often in the pres-
ence ofintestinal losses ofgreat volume, until spontaneous
closure occurs or definitive surgical repair can be safely
accomplished.

In 1972, a technique was developed whereby succus
entericus from high output small bowel stomas could be
efficiently reinfused into the distal enterostomy; 75 pa-
tients have received this treatment. In conjunction with
continuous enteral nutrition by nasogastric catheter or
gastrostomy, this approach permits optimal utilization of
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the remaining absorptive capacity and frequently allows
total parenteral nutrition to be discontinued.'2 During
reinfusion, a consistent phenomenon has been observed:
the output from the proximal stoma promptly decreases. 3

Our study confirms the apparent inhibition of upper gas-

trointestinal digestive secretions by reinfusion.

Methods

We studied 30 patients with peritonitis requiring hos-
pitalization in the critical care unit for surgical digestive
diseases. Sixteen had complete enterocutaneous fistula
and accessible distal mucous fistula; 14 had one or more

temporary double enterostomies. The initiating septic
events were 18 cases ofpostoperative anastomotic leakage,
four cases ofspontaneous perforation ofthe hollow viscus,
four cases of Crohn's disease, three cases of ischemic
necrosis of the small bowel, and one case of Zollinger-
Ellison syndrome with postgastrectomy duodenal stump
fistula. Twenty-four patients had only single loss of gas-
trointestinal continuity; the level of origin was the duo-
denum in four patients, the jejunum in seven patients,
the ileum in 12 patients, and the right colon in one patient.
Among these subjects, two had required extensive bowel
resection, leaving total lengths of small intestine of 125
cm and 130 cm, respectively. In the remaining six patients,
multiple double enterostomies had isolated one or more

segments of the intestine (Table 1). The level ofthe distal
stoma or mucous fistula, and therefore of the infusion
site, was the upper jejunum in nine patients (four of
whom had duodenal fistula), the mid small bowel in 11

patients, the last 100 cm of the ileum in nine patients,
and the colon in two patients.

Integral to the reinfusion technique is a specially de-
signed apparatus consisting ofa roller pump for aspiration,
a sterile 50-ml disposable plastic container, from which
both volume and weight are electronically measured, and
a servo-controlled roller pump for infusion (Automate
Systeme, Medicale Recherche, 46, Avenue d'Ivry, F75013
Paris). Although the aspiration and measurement are dis-
continuous, the reinfusion is continuous at a computed
rate corresponding to the stoma output; cumulative out-
put values are continuously displayed on an electronic
digital counter. Collection is by a Karaya-Seal ostomy
appliance connected to the aspiration side ofthe machine.
Reinfusion is through a silicone rubber balloon catheter
inserted well into the distal intestine. This device estab-
lishes a true extracorporeal gastrointestinal circulation
(Fig. 1).
The study protocol was maintained for five consecutive

days. The subject received nothing by mouth; effective
peristalsis had resumed and nasogastric suction was un-

necessary. Parenteral nutrition, initiated and stabilized
earlier, was maintained throughout, supplying an average

TABLE 1. Approximate Length ofExcluded Small Bowel Loops in
Patients with Multiple Enterostomies

Length of
Proximal Length of Length of

Patient Small Bowel Excluded Loops Distal Small
No. (cm) (cm) Bowel (cm)

1 50 200 50
2 150 150 30
3 5 (a) 130 30

(b) 100
4 50 75 200
5 200 (a) 75 50

(b) 75
6 100 (a) 60 0

(b) 100

(a) Proximal.
(b) Distal.

of 1,960 kcal/day and 4.7 g/day ofnitrogen. Supplemental
parenteral fluid intake was adjusted every 8 hours. Fluid
and electrolyte balance was corrected each morning after
review of the patient's weight, as well as of intake and
output for the preceding 24 hours. Adjustments were
made for the clinical and biochemical state ofthe patient.

After an initial control period, 48 hours of baseline
measurement and adjustment, reinfusion was started on
day 3, continued for 24 hours, then terminated. Day 4
was a secondary control period, during which losses were
monitored but succus entericus discarded rather than
reinfused. The subjects thus served as their own controls.
On day 5, 13 ofthe patients received continuous infusion
of isotonic dialysate solution into the distal stoma at the
same rate as the reinfusion on day 3 (dialysate formula:
sodium 141 mmol, calcium 1.75 mmol, magnesium 0.75
mmol, chloride 101 mmol, acetate 45 mmol, glucose 83
mmol). Only on the day of reinfusion was the output
monitored from the machine's electronic digital counter.
On Days 1, 2, 4, and 5, both proximal stoma/fistula output
and losses from the isolated loops were measured by hand.
We used the Student's t-test for coupled series to assess
the statistical significance of the results.

Results

The individual and mean values of the daily proximal
stoma and/or fistula output are indicated in Figure 2.
The inhibitory effect of reinfusion consistently (p < 0.001)
reduced output by a mean value of 30.2% (range 17% to
44.9%). Rebound to preinfusion control values was ob-
served on the fourth day.

The mean inhibitory effect by level of reinfusion was
determined to be: 34.7% in the proximal 100 cm of the
jejunum; 30.5% in the mid small bowel; 28.2%. in the
distal 100 cm of the ileum; 18.2% in the only case of
right colon. These differences were not significant. In one
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FIG. 2. Daily proximal stoma output in patients having succus entericus
reinfusion. Key for reinfusion level: 0 within 100 cm ofduodenojejunal
flexure; v mid small bowel; 0 within 100 cm of ileocecal valve; A colon.

subject having two isolated segments, the ileum and the
left colon, colonic reinfusion was accomplished on the
fifth day and a reduction of 11.4% recorded, compared
with 23.5% during reinfusion into the ileum on the
third day.
The output of the isolated loops was equally signifi-

cantly reduced (p < 0.001) during reinfusion (mean in-
hibition 32.6%, range 18.5% to 43%) (Fig. 3). Like the
output of the proximal stomas, measured losses from the
isolated loops returned to initial control period levels on
day 4 during the 24 hours post infusion.
The continuous instillation of dialysate solution was

accompanied by significantly reduced (p < 0.01) proximal
output (mean 20.3%). This inhibition was significantly
(p < 0.01) weaker than that secondary to reinfusion of
succus entericus, but the two were strongly correlated
(Fig. 4).

Discussion

Our study demonstrates that the use in man of an
extracorporeal gastrointestinal circulation providing con-
tinuous reinfusion of succus entericus into the distal gut
yields a consistent, significant reduction (mean 30%) in
the volume ofeffluent from the proximal stoma or fistula.
Because the data were obtained from critically ill patients
evaluated within 2 weeks of the initiating septic event,
extraordinarily large losses were observed from both the
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proximal stomas and isolated loops, reflecting a hyperse- 50
cretory state and extensive peritoneal inflammation. In
man and in dogs, basal outputs are substantially lower,'0" *
moreover, determinations in similar patients at a later

40~~~~~~~~stage, when sepsis and inflammation have resolved, show 40L-..
lower outputs.'2 By keeping the time frame narrow and
including 24 hours of control observations after the rein- - /
fusion, the protocol minimizes the possibility that sub- *
siding inflammation explains the decrements noted. The .0
effect occurs despite peritonitis and disappears when rein-
fusion ceases. c

The clinical advantages which accrue from this tech- S
nique are at least two. First, intestinal losses can be reduced D
during the early phase of treatment when maintenance o 20
of fluid and electrolyte balance is particularly challenging. D *
Later, as sepsis is controlled, optimal utilization of the -C

remaining absorptive capacity for enteral nutrition is per- - n = 13
mitted. 10 r =0.805
The inhibitory effect appears to be independent of any p < 0.01

fluid balance changes induced by the volume ofreinfusion.
Careful attention was given to fluid and electrolyte equi-
librium by regularly reviewing clinical and biochemical 0 l
parameters and adjusting parenteral intake accordingly. 0 10 20 30 40
An imbalance may have escaped detection, but the error Inhibition by dialysate solution (o/o)
would have been toward expansion of the extracellular

FIG. 4. Percentage inhibition of proximal stoma output. Correlation
between succus entericus reinfusion and infusion of isotonic dialysate

500
solution.

Patient
4 \ Reinfusion fluid compartment; in animal models this is associated

with increase rather than reduction in stoma output.3'7'9
400- Patient Regarding which of the digestive secretions affects the

\4 reduction in stoma output, only inferences can be drawn
'-j. 5 on the basis of the previous work. Whereas definitive
CM 5 3 q \ \/ f |conclusions might have been possible had gastric intu-
E 300 3

bation been utilized, this type of manipulation would
2 have introduced error. In dogs, exclusion ofwide segments

0. 3
.&-- 2 of small bowel results in considerable gastric hypersecre-o ///tion,15,16 reversible when the excluded segment is restored
o 1 in continuity.9 The human corollary, short bowel syn-
-0 200 6 drome, is associated with gastric hypersecretion,'4 but a

6 consistent and prolonged effect has not been as clearly
0 1 demonstrated. Postprandial gastric secretion, measured
W in normal humans, is stimulated by chyme in the

100 _ _jejunum 8 and is inhibited by its presence in the ileum.2
Thus, reinfusion into the jejunum might be expected to
increase stoma output. However, in our study, reinfusion
ofchyme into the jejunum reduced the output to an even

0 I greater degree than reinfusion into the ileum. Finally,
0-24 24-48 48-72 72-96 observations in seven patients demonstrated effects in-

Hours dependent of gastric contribution. In the single case of
duodenal fistula after total gastrectomy for Zollinger-El-

FIG. 3. Daily output from excluded loops. lison syndrome, output was substantially reduced (42.6%),



600 LEVY AND OTHERS Ann. Surg. November 1983

presumably reflecting biliary and pancreatic influence. In
the six patients with isolated small bowel loops, the degree
of reduction (mean 32.6%) was similar to that of the
proximal stomas and solely a consequence of intestinal
inhibition. This result suggests that the inhibition involves
multiple levels and that all digestive secretions are affected.
The design ofthe study allowed some speculation about

the stimulus initiating the feedback loop. Because isotonic
dialysate produced a significant decrease in proximal out-
put, fluid alone, independent of osmolality, is certainly
one ofthe stimuli. Stronger inhibition by succus entericus
suggests the influence of some intrinsic factor, such as
bile salts, pancreatic enzymes, or even mucosal cellular
debris. Current investigation aims to clarify the mecha-
nism and identify the mediators of the inhibitory phe-
nomenon.
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