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Abstract
Background. Thrombotic thrombocytopenic purpura/
haemolytic-uraemic syndrome (TTP/HUS) is a rare
cause of renal failure in adults. There is little data
concerning the outcome of adult patients who receive
a renal transplant for TTP/HUS.
Methods. We have carried out a survey of 22 transplant
centres in the USA to determine the outcome of
patients who developed ESRD from TTP/HUS and
latter received a renal transplant.
Results. Twelve of the 22 centres responded to our
inquiry. Seven centres had not transplanted any
patients with TTP/HUS, and five centres had trans-
planted a total of 24 grafts in 17 patients with
TTP/HUS. Thirty-three per cent of patients demon-
strated definite clinical and pathological evidence of
recurrence of TTP/HUS. An additional 16% of patients
demonstrated pathological evidence of possible recur-
rence of TTP/HUS in the absence of clinical manifesta-
tions. The overall 1-year graft survival rate was 42%
and the 2-year graft survival rate was 35%. In our
experience recurrence TTP/HUS was associated with
universal graft failure. Although cyclosporin A does
occasionally cause a thrombotic angiopathy in patients
with no history of TTP/HUS, we found no evidence
that it should be avoided in patients with a previous
history of ESRD from TTP/HUS who subsequently
receive a renal transplant.

Conclusions. TTP/HUS frequently recurres in adults
who receive a renal transplant, with a 2-year graft
survival rate of 35%.

Introduction

In 1925 Eli Moschowitz reported a case of 'an acute
febrile pleomorphic anemia with thrombosis of the
terminal arterioles and capillaries' [1]. This syndrome
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subsequently became known as thrombotic thrombo-
cytopenic purpura (TTP) and is characterized by the
development of neurological disease in association with
a microangiopathic haemolytic anaemia. Thirty years
later Gasser reported an illness occurring in children
characterized by microangiopathic haemolytic anaemia
in association with acute renal failure, which became
known as the haemolytic-uraemic syndrome [2]. In
adults it is often clinically impossible to differentiate
these two conditions, as patients with HUS and TTP
have varying degrees of neurological and renal involve-
ment. Consequently, in adults, these two terms refer
to different manifestations of what is now considered
to be a single pathological process, referred to herein
as thrombotic thrombocytopenic purpura/haemo-
lytic-uraemic syndrome (TTP/HUS) [3].

While TTP/HUS is the most common cause of acute
renal failure in young children [4], it is a rare disease
in adults, with an estimated frequency of one case per
million per year [5]. The prognosis of TTP/HUS has
improved dramatically in the last 20 years in associ-
ation with the use of plasmapheresis [6]. We have
previously reported on the renal prognosis in patients
with TTP/HUS [7]. In that study of 68 adults with
idiopathic TTP/HUS, seven patients (10%) required
dialysis and renal function eventually recovered in five
of these.

The outcome of renal transplantation in children
with TTP/HUS has been reported by a number of
authors [8-13]. The results of renal transplantation in
adults with TTP/HUS are less well documented. The
pathophysiology of TTP/HUS may be different in
older patients, as TTP/HUS in adults is only rarely
associated with verocytotoxin-producing Escherichia
coli. We therefore sought to define the prognosis for
adults with ESRD from this rare disease who receive
a renal transplant.

Subjects and methods

In January 1994 we mailed a questionnaire to 22 renal
transplant centres in the USA asking them to return to us
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clinical data pertaining to adult patients (age greater than 18
years) with TTP/HUS as the cause of renal failure who had
received a cadaveric or living related renal transplant at their
centre during the previous 15 years. A diagnosis of TTP/HUS
was dependent on the presence of at least four of the
following criteria in the absence of any other underlying
disease: (1) platelet count less than 90 000/mm3; (2) haemo-
lytic anaemia with a haemoglobin less than 10 g/dl, and
schistocytes on a peripheral blood smear with a negative
Coombs' test; (3) evidence of neurological disease; (4) renal
involvement manifested by either a serum creatinine (Cr) at
presentation of greater than 1.4 mg/dl or an abnormal urine
sediment; and (5) fever of 38°C or greater. In order to avoid
a selection bias, each centre was asked to submit data on all
patients from that centre with TTP/HUS as a cause of renal
failure who had received a renal transplant over the specified
15 year period of time, regardless of outcome.

The outcome of renal transplantation was classified accord-
ing to Hebert et al. [14]. Group 1 patients had both clinical
and histological evidence of recurrence of TTP/HUS in the
post-transplant period, and were thus deemed to have definite
recurrence of TTP/HUS. Group 2 consisted of patients with
histological features consistent with TTP/HUS, but lacked
some of the clinical features consistent with TTP/HUS listed
above and were thus considered to have possible recurrence
of TTP/HUS; group 3 consisted of patients with neither
clinical nor histological features of TTP/HUS and were
considered not to have recurrent disease. Histopathological
evidence included the presence of glomerular fibrin thrombi
and double contours of capillary loops, with or without
arteriolar fibrin thrombi.

A variety of immunosuppressive protocols were employed
including azathioprine and steroids alone; azathioprine, ster-
oids and OKT3; and 'triple' therapy with cyclosporin A
(CsA), azathioprine, and prednisone.

Results

Twelve of the 22 centres responded to our enquiry.
Seven centres had not transplanted any patients with
TTP/HUS and five had transplanted 24 kidneys into
17 patients (range 1-5 kidneys). Thirteen patients
received a single kidney, three patients received two
grafts, and one patient received five kidney transplants.

The mean age of presentation of TTP/HUS was
29+11 (±SD) years. Thirteen patients were female
and 16 were white. The mean Cr, haematocrit and
platelet count at initial presentation were respectively
10 + 6.5 mg/dl, 20.1+8.6%, and 76 + 39 (x 103/cc). All
patients became dialysis dependent after their initial
illness and had been maintained on dialysis for a mean
of 29 + 35 months prior to receiving their first renal
transplant.

Three patients died in the early postoperative period
(within 90 days). Forty-two per cent of grafts were
functioning at 1 year and 35% (Figure 1) at 2 years
(range in survival of grafts was from 2 days to 13 years).

Eight patients developed definite clinical and patho-
logical evidence of recurrence of TTP/HUS (group 1)
within 2 weeks of renal transplantation with associated
thrombocytopenia, schistocytes on peripheral blood
smear, haemolysis, fever, and transplant dysfunction
(Figure 2). Each of these demonstrated glomerular
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Fig. 1. Kaplan—Meir curve for graft survival in patients with
TTP/HUS.

congestion and endothelial oedema with thrombi
within glomerular capillary loops in association with
hyaline changes in smaller vessels and intraluminal
thrombosis in larger vessels. Five of these patients were
begun on a course of plasma exchange and the
remaining three were treated with intravenous fresh
frozen plasma. All eight patients rapidly lost their renal
transplant and underwent graft nephrectomy.

A further four patients demonstrated some patholo-
gical evidence of recurrence of TTP/HUS without
other clinical manifestations of recurrence (group 2).
Two grafts were lost within 2 weeks of transplant in
patients with no clinical evidence of haemolysis or
thrombocytopenia, but with some histological features
compatible with recurrent TTP/HUS (group 2),
namely intraluminal thrombi in small and medium-
sized vessels, associated with endothelial reactivity and
infiltration with fibrin and without much interstitial
infiltration with lymphocytes. Two other grafts were
lost (at 13 years and 4 months) which had no clinical
evidence of recurrent TTP/HUS. Renal transplant
biopsy in both of these cases had marked changes of
interstitial fibrosis and tubular atrophy (group 2),
findings that were compatible with chronic rejection.
In addition, however, there were some intervascular
thrombi and endothelial reactivity which may have
been due to recurrent TTP/HUS.

The remaining 12 grafts had no evidence of recur-
rence of HUS/TTP (group 3). Five of these grafts
continue to function a mean of 3 years after trans-
plantation. One graft was lost to histologically con-
firmed acute cellular rejection which was unresponsive
to OKT3 therapy without clinical or histological evid-
ence of TTP/HUS. Two patients died post-transplant,
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Fig. 2. Outcome of transplants in TTP/HUS. Group 1, definite recurrence; group 2, possible recurrence; group 3, no evidence of recurrence.

one from a myocardial infarction and one from cyto-
megalovirus infection. One graft demonstrated slowly
progressive renal dysfunction which on renal biopsy
demonstrated cryoglobulins in the subendothelial
space.

Four patients in this series underwent more than
one transplant. One patient received five renal trans-
plants all of which rapidly failed with recurrence of
TTP/HUS. One patient developed clinical and patholo-
gical evidence of recurrent TTP/HUS within 1 month
of transplantation in both grafts requiring graft neph-
rectomy. The other two patients both did well. One
patient's first graft lasted 13 years and was lost to
chronic rejection but did have some evidence of endo-
thelial reactivity, and fibrin thrombi in vessels
(group 2). It is now 12 months since her second
cadaveric transplant and she has no clinical or patholo-
gical evidence of recurrent HUS/TTP. The third patient
developed transplant failure after 4 years, secondary
to chronic rejection, and is now three years into his
second graft with a serum Cr of 1.8 mg/dl.

Five grafts were from living related donors, one of
which continues to function. One patient developed
fulminant CMV infection; one failed secondary to
early recurrence of TTP/HUS; and two failed second-
ary to chronic rejection. Graft failure occurred in 11
of 13 cases in which CsA-based immunosuppression
was used, and in nine of 11 cases in which CsA was
not used. There was no significant difference in the
mean time to graft failure or in the frequency of
development of recurrent TTP/HUS between patients
receiving and not receiving CsA. There did not appear
to be any relationship between the length of time on
dialysis prior to transplantation and the probability of
recurrence of TTP/HUS.

Discussion

The recurrence of TTP/HUS after renal transplanta-
tion in children has been reported by a number of

authors [8-13,15], with the rate of recurrence being
between 0% and 41% [9,10,15]. The pathophysiology
of TTP/HUS in children is frequently different than
that of adults in that TTP/HUS in children is fre-
quently induced by verocytotoxin-producing bacteria
with associated diarrhoea [16], while this is uncommon
in adults, we hypothesized that the prognosis of adults
and children with TTP/HUS who receive a renal
transplant may be different.

In this series collected from five centres in the United
States, using a variety of immunosuppressive protocols,
12.5% of the patients died following renal transplanta-
tion, one-third demonstrated definite evidence of recur-
rence of TTP/HUS and only 35% of patients have a
functioning graft 2 years after renal transplantation.

Five of the renal transplants in this series were in
one patient, all of which failed. This large proportion
of grafts given to a single patient skews the data
somewhat. When the data was analysed with these five
grafts excluded the 1-year graft survival rate was 42%
and the 2-year graft survival rate was 36%.

The differential diagnosis of a thrombotic angiopa-
thy following renal transplantation can frequently be
difficult as vascular rejection, CsA toxicity and de novo
thrombotic angiopathy can all produce a similar clin-
ical and pathological manifestation [17]. Additionally
cytomegalovirus, the most common viral pathogen
after renal transplantation, has been associated with
TTP/HUS [18]. In this series 33% of patients had
definite clinical and pathological evidence of recurrent
TTP/HUS and an additional 17% demonstrated patho-
logical changes in the grafts which were compatible
with either recurrent TTP/HUS and/or chronic rejec-
tion. It is particularly difficult to distinguish vascular
rejection from recurrent TTP/HUS. However, an incid-
ence of four of 24 grafts failing secondary to vascular
rejection would be much higher than is generally
expected. Pathologically it is impossible to make the
distinction.

We have been uniformly unsuccessful in aborting
the microangiopathic process in patients who
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developed recurrent TTP/HUS post-transplant, despite
various treatments including steroids, plasma infusion
and plasma exchange [6,18,19]. Given the poor renal
prognosis associated with definite recurrence as defined
here, patients who develop recurrent TTP/HUS with
acute renal transplant failure who do not respond early
to intravenous IgG or plasma exchange plasma infu-
sion are probably best treated with early transplant
nephrectomy. Based on this small series we believe
that patients who develop early transplant failure
secondary to recurrent TTP/HUS are at high risk of
developing TTP/HUS in subsequent grafts. Based on
these poor results of renal transplantation in patients
with TTP/HUS as the cause of renal failure, it is now
our practice not to perform live related transplantation
on such patients; we will, however, after discussion
of our experience, offer them cadaveric renal
transplantation.

The pathophysiology of thrombotic angiopathy fol-
lowing renal transplantation is multifactorial, and
many of the commonly used immunosuppressive
agents have been implicated including CsA, azathio-
prine, 0KT3, and FK506 [13,18,20-25]. It has been
suggested that azathioprine immunosuppression may
avoid some of these problems. Our data do not support
this notion.

Cytomegalovirus infection has been associated with
post-transplant thrombotic microangiopathy [18]. In
this series we have observed serious CMV infection
which contributed to the patient's death in two cases,
and less severe CMV infection in two other patients.
Two of these four patients had clinical evidence of
thrombotic microangiopathy (recurrence of TTP/
HUS) at the time CMV infection was diagnosed.

There are several theories as to the possible patho-
genesis of thrombotic microangiopathy. In children,
Escherichia coli has been shown to produce a toxin
which can damage the endothelium and induce the
microangiopathic process. In cases of TTP/HUS not
associated with diarrhoea, a number of other theories
have been advanced. These include: (1) decreased
production of endothelial cell prostaglandin I2 (PGI2)
or excessive lability of PGI2 from a deficiency of PGI2-
stimulating or stabilizing factor present in normal
plasma; (2) defective fibrinolysis from inadequate pro-
duction of endothelial cell plasminogen activator;
(3) the presence of a substance capable of promoting
intravascular platelet clumping; and (4) abnormal
metabolism of von Willibrand factor multimers leading
to increased platelet aggregation [26]. It is unclear
how renal transplantation should impact on these
phenomena to induce recurrence of TTP/HUS.

In summary, the 2-year graft survival rate for 24
renal transplants performed at five centres in recipients
with TTP/HUS as the underlying cause of ESRD
was 35%.

Definite evidence of recurrence of TTP/HUS was
present in 33% of the overall group, and histological
evidence of recurrence in the absence of the overt
clinical syndrome of TTP/HUS was present in an
additional 16% of these transplanted patients. Patients
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who develop early recurrence of TTP/HUS in a renal
transplant are at high risk of recurrent TTP/HUS in
subsequent grafts. This information needs to be taken
into account in considering patients with ESRD sec-
ondary to TTP/HUS for renal transplantation.
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