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The case of 4 year old Laura Davies, who has combined liver
and small bowel failure and is seeking small bowel trans-
plantation in the United States, has highlighted the apparent
lack of progress in intestinal transplantation. Not only are the
indications for such transplantation rare: the number of
patients who develop irreversible small bowel failure requir-
ing permanent total parenteral nutrition is about 50 per year
in the United Kingdom'; but also the characteristics of the
small bowel make the procedure difficult.

Experimental work undertaken in Minneapolis in the late
1950s indicated that transplantation of the small intestine was
technically feasible.2 But the immunosuppressive drugs avail-
able at the time were unable to prevent rejection of the
transplanted gut. During the 1960s and 1970s a number
of human transplants were performed in desperate cases.
Survival was measured in days or weeks with most of the
patients dying from overwhelming sepsis. Nevertheless, the
initial experimental work and these early clinical cases defined
the problems that had to be solved.
The small bowel mucosa is delicate and the enzymes in the

succus entericus cause rapid autolysis, so even short-term
preservation of the bowel before transplantation is difficult.
The large lymphoid component of the small bowel distin-
guishes it from other forms oforgan graft. These graft cells are
a massive target in priming the host for rejection but can also
migrate to recipient tissues and cause graft versus host
disease. Moreover, near perfect function of the graft is
essential for nutrient absorption and the maintenance of
barrier function. Translocation of bacteria from the bowel
lumen to the blood stream is a common source of sepsis in
patients with multiple organ failure. In small bowel transplan-
tation relatively mild rejection changes may be sufficient to
compromise barrier function.3

In the 1980s the advent of cyclosporin rekindled interest in
small bowel transplantation. The drug has a potent sup-
pressive effect on the T lymphocyte population primarily
responsible for both rejection and graft versus host disease.
Results in animals were encouraging, and several groups have
been working on the immunological, physiological, and
bacteriological problems. The logical step of using an anti-T
cell immunotoxin to deplete the graft of lymphocytes has
proved more difficult than in bone marrow transplantation.4
However, one of the most fascinating findings of these studies
has been the demonstration of a massive exchange migration
of lymphocytes between the graft and the host.5 In other
forms of transplantation lymphocyte infiltration is the classic

feature of rejection. In animals with long surviving small
bowel transplants, however, the lymphocytes in the graft
mesenteric lymph nodes, Peyer's patches, and lamina propria
are replaced by host cells which are manifestly not provoking
a rejection reaction. This chimerism has also been observed in
recent clinical cases in the Pittsburgh series.6
Much of the experimental work in small bowel transplanta-

tion has been undertaken in Europe by members of the
European intestinal transplant study group. Despite the
research advances, however, progress towards successful
clinical transplantation has been slow. At the first inter-
national symposium on small bowel transplantation, held at
St Bartholomew's Hospital in 1989, groups from Kiel and
Paris presented their results with isolated transplantation of
the small bowel.7 The Kiel group had performed three trans-
plants. Only one patient achieved stable graft function and
she remains well more than three years later. In this case the
graft came from a living related donor and there was close
HLA matching. In Paris eight intestinal transplants had been
performed in children. Although some of the grafts had
survived for several months, long term function has been
achieved in only one patient, who has also now survived over
three years. Because of the poor success rate the Paris group
has not undertaken any further operations.
At the 1989 meeting Grant and his colleagues from

London, Ontario, also presented the results of a combined
liver-small bowel transplantation. After a stormy postopera-
tive course, complicated by graft versus host disease, their
patient eventually achieved stable function ofboth the hepatic
and intestinal grafts.8 It has long been known that a liver graft
can enhance the survival of other forms of organ graft-for
example, the kidney.9
The success of the Canadian case prompted Starzl's group

in Pittsburgh to undertake a series of combined liver and
small bowel grafts. These cases have been immunosuppressed
with FK 506, an agent which has improved the oucome of
liver transplantation in Pittsburgh compared with their
previous results with cyclosporin. There have now been 15
combined grafts in the Ontario and Pittsburgh series. All the
patients have had prolonged hospital stays and five have
died-three from lymphomas and two from sepsis, in one case
the result of fulminant graft versus host disease. In recent
months a number of isolated small bowel grafts have been
performed in Pittsburgh; all the patients remain alive, but it is
too early at this stage to comment on the outcome.
Combined liver-small bowel transplantation offers the
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Results notyet too hopeful
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potential for survival in patients who cannot be maintained on
total parenteral nutrition and in particular when treatment is
complicated by the development of liver failure. In the long
term the goal must be to achieve successful transplantation of
the small bowel on its own since only a few patients receiving
total parenteral nutrition develop severe liver impairment. As
in the early days of all other forms of organ transplantation,
there are likely to be more failures than successes. While there
is a clear case for developing a clinical small bowel transplant
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programme in the United Kingdom, the expectations of the
profession, the public, and patients at risk must be tempered
by a realisation of the difficulties of this most challenging form
of organ transplantation.
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ISIS 3: the last word on thrombolysis?

Streptokinase and aspirin win the vascular sweepstakes

The debate over the best thrombolytic agent has engendered
two of the largest clinical trials ever undertaken, the GISSI-2
(Gruppo Italiano per lo Studio della Sopravvivenza nell'
Infarcto Miocardico) study with its international extension'2
and the recently published ISIS-3 trial (third international
study of infarct survival).3 These studies, of 20 891 and 41 299
patients respectively, have resolved most of the questions
regarding the choice of thrombolytic agents and the role of
heparin.

Before them, trials had shown that streptokinase,"5 tissue
plasminogen activator,6 and anistreplase7 all reduced deaths
from acute myocardial infarction, but, without comparative
studies, deciding which was the best thrombolytic drug had
been impossible. An overview of angiographic studies had
shown that tissue plasminogen activator (both single chain
alteplase and double chain duteplase) and probably anti-
streplase achieved better early coronary patency than strep-
tokinase, although there was nothing to choose between them
by 24 hours.3 Controversy raged over whether the superior
early coronary patency achieved by tissue plasminogen
activator would result in improved survival. Further uncer-
tainty surrounded the role of heparin once it was established
that antithrombotic treatment with aspirin greatly enhanced
the benefit of treatment with streptokinase.2

In ISIS-3 patients were recruited up to 24 hours (median
four hours) after the onset of symptoms of a myocardial
infarction. Patients were randomised to receive fibrinolytic
treatment with streptokinase, tissue plasminogen activator
(duteplase), or anistreplase plus antithrombotic treatment
with either aspirin and heparin or aspirin alone. The heparin
regimen was 12 500 units twice daily by subcutaneous
injection. The report of the trial described the effects of
treatment on various hospital events as well as total deaths and
deaths due to vascular causes at 35 days, analysed according to
intention to treat.
Comparison of aspirin and heparin with aspirin alone (with

all patients receiving thrombolytic agents as well) showed that
more aggressive antithrombotic treatment was associated

with an increased risk of bleeds requiring transfusion and
other major non-cerebral bleeds (1-0% v 0-8%; 2/1000) and
of definite or probable cerebral haemorrhage (0-6% v 0 4%;
2/1000). Neither the total number of strokes nor the number
of fatal and disabling strokes was significantly increased in the
group treated with heparin. The incidence of reinfarction was
non-significantly lower in the group treated with heparin.
This held true when data from ISIS-3 and GISSI-2 were
combined. Deaths fell slightly during scheduled heparin
treatment in both ISIS-3 and GISSI-2; a slight excess of
deaths after the end of treatment, however, meant no overall
reduction in mortality at 35 days or six months in the group
treated with heparin.

Direct comparison of streptokinase and anistreplase in
ISIS-3 was based on 13 780 and 13 773 patients respectively.
Treatment with anistreplase resulted in significantly more
allergic reactions, non-cerebral haemorrhage, cerebral
haemorrhage, and disabling or fatal stroke. There was no
difference in the incidence of reinfarction or in mortality at 35
days or six months. In the same study the comparison of
streptokinase and tissue plasminogen activator (duteplase)
was based on 13 780 and 13 746 patients respectively. Allergic
reactions and hypotension were less common after tissue
plasminogen activator. The incidence of disabling or fatal
strokes was higher after tissue plasminogen activator (1 -39% v
1 04%; 4/1000) while the reinfarction rate was lower (2-93%
v 3 47%; 5/1000). There was no significant difference in
overall mortality at 35 days. Pooled results from ISIS-3,
GISSI-2, and other small trials indicate an identical short term
mortality after streptokinase and tissue plasminogen activa-
tor.
The results of ISIS-3 and GISSI-2 seem to vindicate the use

of the cheaper drug, streptokinase. It works as well as tissue
plasminogen activator and anistreplase but carries less risk of
stroke.

Similarly, heparin seems to confer no extra advantage in
patients receiving an adequate daily dose (160-325 mg) of
aspirin. Some have argued, however, that the results are
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