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tion of tryptophan in the small bowel despite protein mal
digestion. Although abn.ormalities in small bowel function
tests do occur sporadically in patients with pancreatic
steatorrhoea"'" the cause is unlikely to be due to bacterial
contamination of the bowel.

One can only speculate on the low indican levels in
children compared with adults. It is likely that the bacterial
flora of the small bowel in children has lower concentra
tions of indole-producing bacteria and high concentrations
of lactohacilli. The even lower levels of indicanuria in the
kwashiorkor patients might well be due to a lack of avail
able protein and thus of the amino acid tryptophan neces
sary to be converted to indole by the reported increased
bacterial population of coliforms in the small bowel. The
finding of low levels of essential plasma amino acids in
children with kwashiorkor and high levels following dietary
therapy" would tend to support this, as would the effect of
tryptophan feeding in the 4 children reported. Estimation
of urinary indican is thus of no value in indicating whether
bacterial overgrowth occurs in the small bowel in children
with kwashiorkor, as the levels are invariably low.

Estimation of indican in the urine in cases of possible
small bowel bacterial overgrowth both before and after
treatment may give a valuable additional parameter to the

diagnosis and assessment of therapy. The method is fairly
simple and cheap and is not unpleasant to the patient, as is
small bowel intubation, and may be carried out in any
hospital with reasonable laboratory facilities.

We should like to thank Dr J. G. Burger, Medical Superin
tendent, for permission to publish.
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Generation of Small B'owel Mucosa
S. CYWES, M.MED.(SURG.), Associate Professor of Surgery, Department of Paediatric Surgery, University of
Cape Town and Principal Paediatric Surgeon, Red Cross War Memorial Children's Hospital, Cape Town

SUMMARY

Following massive bowel resection, the characteristic
features of a 'short bowel' syndrome develop. Some
patients respond to medical treatment but may succumb
later to the effects of deficient absorption. Some surgical
procedures devised for delaying transit through the bowel,
are mentioned.

The patient lacks absorptive surface of the bowel. Ex
periments performed on mongrel dogs to produce gene
ration of mucosa and the results obtained, are described.
Further experiments were carried out to show that this
generated mucosa has absorptive capacity.

S. Air. Med. J., 45, 1170 (1971).

The average length of small bowel in an adult is 6·1 m
and the length of colon 155 cm, whereas the average length
of small bowel at birth in an infant of 50 cm body length
is 300 cm and the large bowel 52 cm.'

Massive bowel resection has been defined as resection
of all but 75 cm of the small bowel in neonates' and all but
90 cm in the adult.' In the newborn a minimum of 30 cm
of small bowel with an intact ileocaecal valve is regarded
as necessary for adequate nutrition and growth.' When less
than 30 cm of small bowel remains or when the ileocaecal
valve is resected in addition to a large part of the small
bowel, the patient's nutritional status becomes precarious.
The characteristic features of a 'short bowel' or 'massive
bowel resection syndrome' develop, namely, diarrhoea,
steatorrhoea, hypovolaemia, metabolic acidosis, impaired
absorption of fat and protein, and magnesium and calcium
deficiency. The metabolic upset and nutritional disturbance
following massive resection, and the medical management
of such patients, have been discussed in a numb r of excel
lent publications."<-· Some patients respond to medical
treatment but many succumb later to the effects of defi
cient absorption.

In the medical management of these babies intravenous
hyperalimentation has proved itself most valuable, in that
concentrated feeds with high calories can be given for weeks
or months, maintaining a positive nitrogen balance and
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actual gain in weight.' This method of treatment, added
to the other known medical measures, proved itself of
great benefit in one of our cases.

A newborn baby weighing 2 kg had a massive resection of
small bowel for multiple atretic segments, leaving him with
17 cm of small bowel. The immediate postoperative course was
uncomplicated but he soon developed the characteristic features
of short bowel syndrome as described above. Mouth to anus
transit time was 3 - 4 minutes. With parenteral hyperalimentation
and intravenous supplementation, we were able to manage him
for 9 months with a steady gain in weight, before he was able
to maintain himself on oral diet alone. He is now 18 months
old, weighing 8 kg. and still thriving. The mouth to anus time
has increased to 5 - 6 hours. Although he still has some mal
absorption, he does not require supplementation for excessive
fluid loss. Thus, with energetic medical management and hyper
alimentation, we were able to tide this baby over until the
compensatory mechanisms in the remaining small bowel and
large bowel could eventually correct the massive fluid loss.

bowel and prolongation of the villi of the mucosa, rather
than any appreciable increase in the length of the
boweL",.,17 What the patient lacks is absorptive surface of
the bowel. In an attempt to produce such an increase in
the absorptive surface, the following experiments were
carried out in dogs and puppies.

EXPERIMENTAL PROCEDURE

The dogs were operated upon under pentobarbital anaes
thesia. The abdomen was entered through a midline inci
sion and a segment of small bowel was selected. The lu
men of the bowel was occluded with bulldog clamps and
a longitudinal incision of variable lengths in different dogs
was made on the ante-mesenteric border of the segment
between the clamps (Fig. 2). The edges of the incised

Fig. 2. Experimental procedure for generation of mucosa.
A: Longitudinal incision on antemesenteric border

of bowel.
B: Edges of incised bowel sutured to serosa of

adjacent loop of bowel.
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Fig. 1. Surgical procedures for delaying transit through
bowel.

In those in whom all the medical measures have failed,
several surgical procedures have been tried-all aimed at
delaying the transit through the remaining bowel and so
allowing a longer period for contact and absorption."·"
These procedures include: (a) vagotomy and pyloroplasty,
(b) recirculating small bowel loops, (c) antiperistaltic gastric
tubes, (d) reversed small bowel segments (single or paired),
and (e) formation of a pouch (Fig. 1).",,13 A recirculating
loop has been shown to be inadequate.H

,l5

The objections to these surgical procedures are the risks
of stasis with superinfection, with aggravation of a mal
absorption already caused by tbe short length of bowel.
These procedures should thus be carried out only when
medical treatment has failed, and not at the initial resec
tion. Medical treatment and intravenous hyperalimenta
tion should be continued with for as long as possible.

The pathological changes noticed in cases with massive
bowel resections are: an increase in the diameter of the

bowel were sutured to the serosal surface of the adjacent
loop of bowel, widening the gap in the incised bowel as
far as possible. A two-layered anastomosis was effected
with interrupted silk sutures. A cross-section of this pro
cedure is depicted in Fig. 3.

The dogs were fed intravenously for 24 hours before
starting oral fluids, and gradually over the next 3 days a
more solid diet was introduced. Penicillin and streptomycin
were given intramuscularly for the first 3 days.
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After periods of 1 - 3 months, the dogs were again anaes
thetized and the anastomosed segments were resected.
Continuity of the bowel was restored by end-to-end anas
tomosis. The excised bowel was iJnspected and submitted
for histological study.

Fig. 3. Cross-section of procedure.

RESULTS

We have found that during the first 6 weeks the exposed
serosal surface undergoes peptic digestion and at the same
time there is a slow creeping in of the mucosa all along
the edges (Fig. 4). After 10 - 12 weeks a defect of 3·5 cm
x 2 cm is covered by generated mucosa (Fig. 5).

Fig. 4. Histology showing peptic digestion in the centre
and creeping in of generated mucosa on the sides.

Fig. 5. The resected segment of bowel and histololO' show
ing generated mucosa.

From these experiments we were able to conclude that
the small bowel mucosa does regenerate, thus increasing
the mucosal surface area. The next step was to establish
whether tbis new mucosa has absorptive capacity.

In the first instance, biopsy specimens were taken from
the generated mucosa and from normal adjacent mucosa
of the small bowel, and the disaccharidase activity of these
were evaluated. The disaccharidase activity was compar
able between the normal mucosa and the generated mucosa.
Further evaluation of the absorptive capacity of tbis gene
rated mucosa was carried out in our laboratories by Dr
Margaret Mayell.

Dogs on whom the operation for generating small bowel
mucosa, as described above, was performed 6 - 7 months
previously were re-operated upon. The donor limb of
small bowel was opened along its mesenteric border for
several inches to display the whole mucosal surface, with
the newly generated mucosa centrally placed (Fig. 6 (a)).
The whole of the donor limb was then dissected off the
recipient limb round the generated mucosa. The recipient
loop of bowel now looked normal except for the patch
of mucosa on its serosal surface (Fig. 6 (b)). The donor
portion was resected and discarded. The distal end of the
limb of small bowel bearing the generated mucosa was
closed and folded upon itself and sutured round the mar
gin of the generated mucosa to form an enclosed sac.
Bowel continuity was restored by fasbioning a Roux en Y
anastomosis and the abdomen was closed in layers (Fig.
6 (c) and (d)).

Isotope studies - Fe and Ca·

Fig. 6. (a - d). Steps of procedure performed to study
absorption of iron and calcium.

The area of the generated mucosa III these dogs mea
sured 5 - 6 cm by 1·5 - 2 cm.

These dogs were re-opened 3 months later. The enclosed
pouches were opened and were found to be distended with
a mucopurulent fluid which was washed out with saline.
Labelled iron and calcium were then instilled. Five milli
litres of blood was taken from the superior mesenteric
vein at 5-minute intervals for one hour. These isotope
studies were carried out by Professor Dowdle's laboratory
and showed that absorption did take place.

However, we now have to repeat these experiments mak
ing pouches without the mucosa, to show that the iso-
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topes are not absorbed by the serosal surface of the small
bowel. We also still have to establish the maximum area
that can be safely generated.

I have presented our experimental work on generation
of small bowel mucosa. The clinical application of this
procedure is self-evident, provided some small bowel is
present.

REFERENCES

I. Bryant, J. (1924): Amer. J. Med. ScL, 167, 499.
2. Rickham, P. P. (1967): Ann. Roy. ColI. Surg. Eng!. 41, 480.
3. Thomas, J. F., and Jordan, G. L. (1965): A.M.A. Arch. Surg., 90, 781.
4. Benson, C. D., Lloyd, J. R. and Krabbenhoft, K. L. (1967): J. Ped.

Surg., 2, 227.

5. Wilkinson, A. W., Hughes, E. A. and Toms, D. A. (1963): Brit J.
Surg., 50, 715.

6. Walker Smitb, J., and Wyndham, N. (1966): Med. J. Austr. I, 1071.
7. Dudrick, S. J., Wilmore, D. W., Van;, H. M., and Rhoads, J. E.

(1968): Surgery, 64, 134.
8. Venables, C. W., Ellis, H., and Smith, A. D. M. (1966): Lancet. 2,

1390.
9. Fink, W. J., and Olson, J. D. (1967): A.M.A. Arch. Surg. 94, 700.

10. Keller, J. W., Stewart, W. R. C., Westerhe.ide, R., and Pace, W. G.
(1965): A.M.A. Arch. Surg. 91, 174.

11. Hammer, J. M., Seay, P. H., Johnson, R. L., Hill, E. J., Prust, F. H.,
and Campbell, R. J. (1959): A.M.A. Arch. Surg. 79, 537.

12. Poth, E. J.: Personal communication.
13. Cywes, S. (1968): J. Ped. Surg. 3, 740.
14. Altman, D. P., and Ellison, E. H. (1965): Surgical Forum; Clinical

Congress, XVI: Chicago. Amer. Coli. of Surgeons.
15. Budding, J., and Smith, C. C. (1967): Surg. Gynaec. Obstet. 125. 243.
16. Clatworthy, H. W. Jr., Saleeby, R., and Lovingood, C. (1952): Surgery

32, 341.
17. McCance, R. A., and Wilkinson, A. W. (1967): Brit. J. Nutrit. 21. 731.

ABSTRACTS

Primary Gastro-Intestinal Lymphoma: A Clinico-Pathological
Study of 57 Cases

LEONARD B. KAHN, M.B., B.CH., M.MED.PATH., GOLDA SELZER, M.B., CH.B., F.R.C.PATH. AND RONALD
O. c. KASCHULA, M.B., CH.B., M.MED.PATH., Department of Pathology, University of Cape Town and Groote

Schuur Hospital

Fifty-seven cases of primary gastro-intestinal lymphoma seen
over the 17-year period 1952 - 1959 have been investigated. This
up-dates a previous study by Uys of 17 cases seen in the same
department from 1952 to 1957. Nineteen of these arose in the
stomach, 34 in the small bowel and 4 in the large bowel. Small
bowel lymphomas occurred in younger individuals than lym
phomas of the stomach and the small-bowel lymphomas in
adults were almost exclusively in Coloureds. Thirty-three
per cent of the patients with small-bowel lymphoma presented
as a malabsorPtion syndrome.

Lymphocytic lymphomas were by far the commonest type in
both stomach and small bowel. Lymphocytic lymphomas of the
stomach must be differentiated from anaplastic carcinoma and
also from pseudo-lymphomas. No correlation could be found
between the 5-year survival, the histological type, size of lesion
or lymph node involvement.

The 5-year survival of lymphomas of the stomach was 29%.
The only patients who are alive are those in whom the tumour
has been completely resected and subsequent radical radio
therapy administered.. The prognosis of the small bowel lym
phomas was extremely poor.

The Isolated Perfused Pig Liver
R. HICKMAN, J. PARKER, S. J. SAUNDERS AND J. TERBLANCHE (with the skilled technical assistance
of MRS J. COX, MR G. ENGELBRECHT AND MR A. ABBOTT), Departments of Surgery and Medicine,
University of Cape Town and Groote Schuur Hospital and Provincial Blood Grouping Laboratories, Cape Town

During the course of extracorporeal hepatic assist of 4 patients
with fulminant viral hepatitis, a major problem of thrombo
cytopenia was encountered. Laboratory studies of the isolated
pig liver perfused with fresh human blood showed the same
pattern of thrombocytopenia which has now been further in
vestigated. Initial tests showed that within 10 minutes platelet
loSs of 70% occurred into the liver (platelet counts being com
pared in the inflow to, and effluent from, the liver) and that
the oxygenator played only a minor role in the platelet destruc
tion. Total leucocyte count and complement levels also fell.

Further investigation of the human plasma showed antibody
with lymphocytotoxic, leucocyte agglutinating and isoaggluti-

nating properties which was consumed after 30 minutes' per
fusion. As yet, attempts to prevent this acute response to
xenogeneic perfusion have been unsuccessful, using hydro
cortisone, Dipyridamole, phenylbutazone and Trasylol in clini
cally acceptable dosage. To date on only one occasion has the
blood group of the pig corresponded with that of the human
donors. On all other occasions, group-O pig livers have been
perfused with group-A human blood. Further studies are in
progress to detennine additional properties of the antibody
and to attempt to prevent the fonnation of antigen/antibody
complexes.




