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Abstract The term thrombotic microangiopathy (TMA) describes syndromes charac-

terised by microangiopathi c haemolytic anaemia, thrombocytopeniaand variable
signs of organ damage due to platel et thrombi inthe microcirculation. In children,
infections with Shigella dysenteriae type 1 or particular strains of Escherichia
coli arethe most common cause of TMA; in adults, avariety of underlying causes
have been identified, such as bacterial and viral infections, bone marrow and
organ transplantation, pregnancy, immune disorders and certain drugs. Although
drug-induced TMA is arare condition, it causes significant morbidity and mor-
tality. Antineoplastic therapy may induce TMA. Most of the cases reported are
associated with mitomycin. TMA has also been associated with cyclosporin,
tacrolimus, muromonab-CD3 (OK T3) and other drugs such asinterferon, anti-
aggregating agents (ticlopidine, clopidogrel) and quinine. The early diagnosis of
drug-induced TMA may be vital. Strict monitoring of renal function, urine and
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blood abnormalities, and arterial pressure has to be performed in patients under-
going therapy with potentially toxic drugs. The drug must be discontinued im-
mediately in the case of suspected TMA. Treatment modalities sometimes
effective in other forms of TMA have been used empirically. Although plasma
exchange therapy seemsto be of value, the effectiveness of this approach hasyet
to be proved in multicentre, randomised clinical studies.

The term thrombotic microangiopathy (TMA)
defines syndromes characterised by microangio-
pathic haemolytic anaemia and thrombocytopenia
associated with variable signs of organ damage due
to platelet thrombi in the microcirculation.[t! The
different clinical manifestations of TMA are re-
lated to the different organ distribution of the le-
sions, which consist of intraluminal platel et throm-
bi and small vessel wall thickening with swelling
and/or detachment of the endothelial cellsfromthe
basement membrane and accumulation of fluffy
material in the subendothelial space.[!! These lead
to haemolytic anaemia and thrombocytopenia
through erythrocyte disruption and platelet con-
sumption in the injured microcirculation. Some
forms of TMA are dominated by renal impairment
and are usualy referred to as haemolytic uraemic
syndrome (HUS); others show predominant central
nervous system involvement and are referred to as
thrombotic thrombocytopenic purpura.

Infections with Shigella dysenteriae type 1 or
different strains of Escherichia coli (particularly
0157:H7 serotype) are the most common cause of
HUS, particularly in children.[Z The exotoxin (shi-
gatoxin or Stx) produced by these bacteria causes
diarrhoea, often bloody, and renal insufficiency
through damage to the gastrointestinal and rena
microvasculature. The outcome is usually good
and the disease spontaneously resolves without re-
nal sequelaein the majority of cases.?

In adults, the cause of TMA is often unknown,
although many factors may be involved such as
bacterial and viral infections, bone marrow and or-
gan transplantation, pregnancy, immune disorders
and certain drugs.[! Neurological involvement is
usually predominant, the prognosisis more severe
and plasma exchange therapy is used to limit mor-
tality and morbidity.
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In this review we describe the incidence and
clinical features of TMA, and discuss therapeutic
and preventive options for TMA associated with
certain drugs, in order to improve the knowledge
about thisrare but life-threatening complication of
drug therapy. We aso provide a general overview
of the pathogenetic mechanisms of TMA in order
to better understand those induced by drugs.

This paper isbased on data derived from review
and clinical research articles found in a Medline
search of the English language literature up to
2000, using thrombotic microangiopathy, haemo-
Iytic uraemic syndrome, thrombotic thrombocyto-
penic purpura, mitomycin, cyclosporin, tacrolimus
(FK506), muromonab-CD3 (OKT3), interferon,
ticlopidine, clopidogrel and quinine adverse ef-
fects as key words. Secondary references from the
bibliographies of theinitial articleswere also eval-
uated, as were personal files.

1. Pathogenesis of Thrombotic
Microangiopathy (TMA)

Injury to the endothelial cell is considered the
central and probably inciting factor in the sequence
of events leading to TMA.[8 This hypothesis is
supported by the fact that most agents associated
with the disease, including bacterial shigatoxins
and endotoxins, viruses, antibodies, immuno-
complexes and certain drugs, are toxic to the endo-
thelium in vitro.l1 Since endothelial cells synthe-
sise many substances involved in coagulation and
fibrinolysis processes, such as prostacyclin, nitric
oxide, von Willebrand Factor (VWF), thrombo-
modulin, tissue-type plasminogen activator inhib-
itor and protein S, the modification in thelevels of
these molecules that is reported in TMA could be
responsible for the loss of physiological endothe-
lium thromboresistance and for the subsequent
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widespread platelet aggregation.[3 Many factors
may play arole in endothelial injury. Shigatoxins
damage human glomerular endothelial cells, either
directly through inhibition of protein synthesis, or
through up-regulation of cytokine production, pol-
ymorphonuclear leucocyte activation, and en-
hanced oxidant injury.ll Bacteria-derived endo-
toxins may act synergistically with Stx, inducing
the inflammatory reaction in target organs through
the stimulation of local production of inflamma-
tory mediators such as tumour necrosis factor o
(TNF-a) or interleukins.[>7]

Antibodies and immunocomplexes may also
contribute to endothelial injury. Complement-
dependent antibodies, cytotoxic for endothelial cells,
have been detected in the serum and plasma of pa-
tientswith TMA,[811 and immunoglobulin (Ig) G,
IgM and complement are often found at the site of
vascular lesions.[12 Moreover, TMA may be a
complication of autoimmune diseases (particularly
systemic lupus erythematosus),[*3! acute vascular
rejection, and antiphospholipid syndrome.l Since
most of the proteins targeted by antiphospholipid
antibodies are involved in regulation of the coagu-
|ation process, it isreasonabl e that they account for
an increased thrombotic risk.

The interaction between leucocytes and dam-
aged endothelial cells is extremely important for
sustaining and amplifying microvascular injury.[”]
Stx in vitro causes massive leucocyte adhesion and
transmigration to endothelium by up-regulating
endothelial expression of adhesive proteins and
chemokines such as interleukin-8 and MCP-1.123
Reactive oxygen species, released from adherent
neutrophils, have a direct cytotoxic effect on vas-
cular endothelium.

Upon the initial endothelial insult, platelet and
leucocyte activation leads to activation and con-
sumption of the complement system, with forma-
tion of the active C3b that reacts with any cell sur-
face.[18] Increased release of complement cleavage
products (including C3a and C5a) contributes to
the microangiopathic process by stimulating neu-
trophil activation, phagocytic adhesion to vascular
endothelium, or platel et aggregation, and by directly
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injuring the endothelium through enhanced pro-
duction of the membrane attack complex, C5b-9.

In patients with TMA, VWF processing is also
atered. In healthy individuals, vWF is formed in
endothelial cellsand megakaryocytesasultralarge
(UL) multimers due to the polymerisation of a na-
tive subunit with apparent molecular mass of 225
kDa.['”] UL multimers are not normally present in
circulation because they are reduced into smaller
multimers soon after their secretion. Furlan et
al 118 and Tsai and Lial® have recently provided a
major contribution to the understanding of VWF
processing by describing a plasmametalloprotease
that physiologically cleaves UL vVWF multimers.
In contrast to findings in healthy individuals, UL
multimers of VWF were occasionally detected in
the plasma of patients with TMA.[20-22] The fact
that in vitro circulating UL multimers are capable
of contributing to platelet aggregation more effi-
ciently than normal multimers,23 and that circu-
lating UL multimers are present in both the acute
and remission phases in patients with chronic re-
lapsing TMA, was initially taken as evidence of a
state of persistent endothelial perturbation.2
However, recent findings showing that in a rare
variant of von Willebrand disease (named Vicenza)
circulating UL multimers were constantly de-
tected,[2>26] and the patients never experienced
thrombotic episodes but had a bleeding tendency,
have challenged this hypothesis.

On the contrary, an increase in low molecular
weight multimersand adecrease in high molecular
weight multimersis constant in the acute phase of
different forms of TMA and it might be the conse-
guence of enhanced proteolytic fragmentation of
the molecule.[1827-29 Rising levels of shear stress
increase VWF susceptibility to fragmentation, thus
contributing to maintenance and further spread of
microvascular thrombosis.[3%

Many cases of familial TMA have a so been de-
scribed, with the predominant features of HUS in
two-thirds of patients.!31] Both autosomal reces-
sive and autosomal dominant modes of inheritance
have been recogni sed.[31-36] The genetic abnormal -
ity may involve the complement system. Extreme-
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ly low levels of circulating C3, not derived from
consumption, werefound in alarge series of famil-
ial cases as compared with controls.[3” Low C3
levels were also found in the patients' relatives,
who had no present or past sign of the disease. Con-
vincing dataare now availablethat low C3in HUS
may derive from either lack[3839 or altered func-
tionl#d of factor H, aregulatory protein that inhib-
its complement activation through the alternative
pathway.

2. Drug-Induced TMA

2.1 Antineoplastic Drugs

TMA spontaneously arises in a few patients
with advanced cancer and is also described as a
complication of antineoplastic therapy. TMA com-
plicates almost 6% of cases of metastatic carci-
noma,[* with gastric cancer alone accounting for
about half of such cases. Prognosisof these patients
is very poor and most of them die within a few
weeks of diagnosis.

The association between TM A and antineoplas-
tic therapy wasfirst described by Liu et al.,[*d who
reported the onset of renal injury, microangiopathic
haemolytic anaemia and thrombocytopenia in-
duced by mitomycin in 3 patients with metastatic
carcinomas. Since then, syndromes with the char-
acteristics of HUS, and less commonly thrombotic
thrombocytopenic purpura, have been associated
with many other antineoplastic drugs. Most of the
reported cases of antineoplastic therapy-induced
TMA are associated with mitomycin, which was
the common denominator in 84 of 85 cases re-
ported in 1987 from a national registry.[*3l TMA
has been described in 2 to 10% of patients with
cancer treated with this drug.[*4 Patients who de-
velop mitomycin-induced TMA are usualy well,
and their cancer, usually an adenocarcinoma, issta-
ble or in remission. Thus, they significantly differ
from the very ill patients who develop TMA as a
complication of advanced tumour.

2.1.1 Pathogenesis
The pathogenesis of mitomycin-induced TMA
is not clearly understood. Mitomycin produces an
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experimental model of TMA ondirect infusioninto
rat kidneys.*! In vitro, mitomycin may directly
damage vascular endothelia cells of the kidney
and aso inhibit prostacyclin production, thus pro-
moting platel et aggregation and local intravascular
coagulation. Circulating immunocomplexes, spe-
cific for tumour cell antigens, are seen in the ma-
jority of patients with mitomycin-induced TMA ;48]
since they show an increased capacity to induce
platelet aggregationin vitro, they might also favour
platelet thrombus formation in vivo.

Mitomycin-induced TMA generally arises 4 to
8 weeks after the end of therapy but the onset may
occur immediately after treatment or up to 9
months later.[*4 At presentation, the most frequent
objective findings are microangiopathic haemoly-
tic anaemia, thrombocytopenia and renal failure.
Oliguriaiscommon but rarely progressesto anuria.
Renal insufficiency is usualy progressive and di-
alysisis required in almost one-third of patients.
Urinalysis usually shows microscopic haematuria
and mild proteinuria. In some cases, urine abnormal-
ities may precede the onset of TMA. Neurological
dterations occur less frequently. Systemic hyperten-
sion and noncardiogenic pulmonary oedema are
common during the course of the disease. Converse-
ly, fever israre. The haematological findings show
anaemia, usualy severe, with haemoglobin levels
less than 6.5 mg/dl in 40% of cased*”l and throm-
bocytopenia, with platelet counts below 60 000/mm3
in most cases. Numerous fragmented red blood
cells (schistocytes) with the typical aspect of burr
or helmet cellsare detected in the peripheral smear;
elevated serum lactic dehydrogenase levelsthat re-
flect diffuse tissue ischaemia, reticulocytosis, low
haptoglobin levels, circulating free haemoglobin,
indirect hyperbilirubinaemia, and a negative
Coombs’ test are present.

Manifestations are dose related, rarely occur-
ring in patients who receive doses lower than 30
mg/m?2 body surface area.[3] The case fatality rate
is high, about 70%, and the median time to death
is about 4 weeks. Most of the patients die of renal
failure rather than cancer. Some patients surviving
the acute phase may have aremission of the haemo-
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Iytic process and thrombocytopenia, but long term
dialysisisoften necessary. A few patientsmay have
a complete recovery without recurrences.[“®! Ret-
rospective, nonrandomised data suggest that the
addition of the antiestrogen tamoxifen to the che-
motherapy combination of mitomycin, mitoxan-
trone and methotrexate (3M) may increasetherisk
of TMA.[#9 Thus, the combination of these drugs
should be avoided or carefully monitored.

TMA after chemotherapy with bleomycin and
cisplatin is rare; most cases are attributed to the
combination of the 2 drugs, supporting the idea
that their association may be causative.[5051 Other
antineoplastic drugs whose association with TMA
has been described include deoxycoformycin,52
lomustine (CCNU),[53 daunorubicin,!>¥ cytarab-
ine,® chlorozotocin,!®% zinostatin (neocarzino-
statin),[56 gemcitabinel>”! and estramustine phos-
phate sodium(®®! (tablel).

2.1.2 Secondary Prevention

Primary prevention of antineoplastic drug-in-
duced TMA is extremely difficult because of the
usefulness of these drugs, for which there is no
substitute in most cases. Thus, secondary preven-
tion is fundamental. It consistsin early diagnosis
of symptoms and signs, through strict monitoring
of renal function, blood abnormalities and arterial
pressure, to enable immediate discontinuation of
the potentially toxic drug and provision of appro-
priate supportive care. Urinalysis is useful in the
evaluation of haematuria and proteinuria; red
blood cell and platel et counts and serum lactic de-
hydrogenase, reticulocyte and haptoglobin levels
must be monitored as well as peripheral smearsto
evaluate the presence of schistocytes, the marker
of themicroangiopathic process. Treatment modal -
itiesthat are sometimes effective in other forms of
TMA, including corticosteroids, azathioprine, cy-
clophosphamide, vincristine, heparin, antiplatel et
agents and epoprostenol (prostacyclin), have been
attempted empirically. Corticosteroids, heparin
and antiplatel et agents have been used without suc-
cessinasmall number of patients.!>? The possibil-
ity of preventing the onset of the syndromethrough
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Table I. Drugs associated with the development of thrombotic
microangiopathy

Antineoplastic agents
Mitomycin

Tamoxifen

Bleomycin

Cisplatin

Deoxycoformycin
Lomustine (CCNU)
Daunorubicin

Cytarabine

Chlorozotocin

Zinostatin (neocarzinostatin)
Gemcitabine

Estramustine phosphate sodium

Other drugs
Cyclosporin
Tacrolimus
Muromonab-CD3 (OKT3)
Interferon
Ticlopidine
Clopidogrel
Simvastatin

Quinine

Oral contraceptives
Penicillin
Penicillamine
Rifampicin (rifampin)
Metronidazole
Gemcitabine

lodine

the use of corticosteroids in association with mito-
mycin needs to be confirmed.[6%

Since elevated levels of circulating immuno-
complexes may play arole in this syndrome, the
use of plasmatherapy, removing these complexes,
may be of vaue. In fact, this procedure usualy nor-
malises haematological abnormalities but rarely
reverses renal insufficiency. Although exchange
and infusion are equally effective when equivaent
volumes of plasma are used,[61] plasma exchange
should be considered asfirst choice therapy, since
renal insufficiency and/or heart failure limit the
amount of plasmathat can be infused. The results
of a few small randomised studies show that the
use of cryosupernatant fraction (plasmafrom which
a cryoprecipitate containing the largest plasma
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vWF multimers, fibrinogen and fibronectin, has
been removed) is as effective as fresh frozen
plasma.l62

The outlook for cancer-induced TM A seemed to
improve when the efficacy of another procedure
aimed to remove circulating immune complexes,
immunoadsorption (the perfusion of autologous
plasma over filters containing staphylococcal pro-
tein A covaently bound to polyacrylamide beads),
was reported.[%3] Staphylococcal protein Aisacell
wall component of a pathogenic staphylococcus
that nonspecifically binds the Fc portion of 1gG.
After immunoadsorption, plasmais then reinfused
into the patient. In a pilot study, Korec et al.[63]
reported the complete clearance of circulating im-
munocomplexesin 8 of 11 patientstreated withthis
procedure, associated with haematological remis-
sion in 9 cases, stabilisation of renal function in 6
and long term remission in 7 cases. However, these
encouraging results, which seemed to be better
than those with conventional plasma exchange,
have been only partially confirmed by a surveil-
lance study in 55 patients with mitomycin-induced
TMA 1481 Although pati entswho received immuno-
adsorption when cancer was in remission had a
higher survival rate than historic control patients
treated with combinations of corticosteroids, cyto-
toxic drugs, antiplatelet drugs, plasmapheresis, or
other methods, aclinical response was achieved in
only 25 patients and long term renal diaysis was
not significantly reduced after this therapy.

Splenectomy may beconsideredin patientswith
disabling disease requiring frequent and prolonged
courses of plasma therapy as well as bilateral ne-
phrectomy in patients with severe renal impair-
ment who are in imminent danger of death because
of thrombocytopenia associated with severe, re-
fractory hypertension and signsof hypertensive en-
cephalopathy.[28] Transfusion of red blood cells
should be administered only when deemed neces-
sary, slowly and under strict control for the risk of
an exacerbation of the syndrome (rapid worsening
of haemolysis, renal function and pulmonary oe-
dema).[64 Platelet transfusions should be avoided
for the same reasons.

0 Adis International Limited. All rights reserved.

2.2 Cyclosporin

There are numerous reports of post-transplant
TMA. Therisk of TMA recurrence in patients who
havereceived acadaveric renal transplant and have
aprevioushistory of TMA isabout 13%, irrespective
of cyclosporin treatment, and is 30% in patients
who have received a living kidney transplant.[6°!
The reasons for this difference are unknown, al-
though it could be the consequence of familial
forms of TMA which may have a higher risk of
recurrence. The aetiology of familial HUSis prob-
ably multifactorial and the inherited defects, such
asthose concerning the complement system, might
only represent a predisposing condition which in-
creases the risk of the disease in combination to
other intercurrent environmental or acquired fac-
tors. These forms of TMA are usually associated
with a poor outcome, although plasma therapy in
conjunction with supportive care may reduce mor-
tality and morbidity.[6!

Cyclosporin-associated de novo TMA was first
reported in a patient treated with cyclosporin to
prevent graft-versus-host disease after allogeneic
bone marrow transplantation.[5”! Since then, TMA
has been described after bone marrow, liver, heart
and kidney transplant, and in patients with Behcets
syndrome who were receiving long term cyclo-
spori n_[66,68|69]

TMA in renal alograft recipientsis most com-
mon in the first few weeks, when cyclosporin con-
centrations are highest, and hasto be differentiat-
ed from humorally mediated rejection. These 2
events, which may be present at the same time,
have similar clinical manifestations and histologi-
cal changes; thus, in some casesacertain diagnosis
cannot be established. Several mechanisms have
been suggested to explain the pathogenesis of
cyclosporin-induced TMA. Although direct endo-
thelial damage may play an important role, cyclo-
sporin may aso increase platelet aggregation and
thromboxane A, production; high cyclosporin
concentrations correl ate with enhanced thrombo-
modulin and VWF serum levels.[7 Moreover, cy-
closporin stimulates the rel ease of the potent vaso-
constrictor endothelin and decreases prostacyclin
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production.[” Thus, acombination of endothelial
toxicity and prothrombotic, antifibrinolytic and
vasoconstrictive effects may favour the onset of
TMA in some patients receiving cyclosporin ther-
apy.

Prognosis of post-transplant TMA is generally
poor. The graft surviva rate following the episode
of cyclosporin-associated TMA is about 43%.[72
Current treatment recommendations are the conse-
quence of anecdotal experience, and multicentre,
randomised clinical studies comparing various
forms of therapy are necessary. Early diagnosis,
reduction or discontinuation of cyclosporin, sup-
portive care and plasma exchange may be the key
to increasing graft survival.

2.3 Tacrolimus

Although there have been reports of successful
conversion of patientswith cyclosporin-associated
TMA to tacrolimus therapy,[”37 TMA has also
been associated with tacrolimus. Since the first re-
port in 1991,[73 20 cases of tacrolimus-associated
TMA have been described in the literature.[”8] The
reported incidence of tacrolimus-associated TMA
ranges between 1 and 4.7%; it is more frequently
diagnosed in the first year, although it may occur
at any time of the post-transplantation phase.
Trough concentrations of tacrolimus are not pre-
dictive of the development of TMA. Reduction or
discontinuation of tacrolimus therapy and plasma
exchange may be valid therapeutic procedures in
tacrolimus-associated TMA. Lossof renal function
and death occur rarely. The prognosis seemsto be
worse for patients who have received transplants
other than kidney. Switching from tacrolimus to
cyclosporin has been performed and may be asso-
ciated with initial resolution of TMA, which may,
however, recur later.[77-79

2.4 Muromonab-CD3

TMA has also been associated with the admin-
istration of the anti-T cell monoclonal antibody
muromonab-CD3.18% This complication has been
reported more commonly with high doses of
muromonab-CD3 (10 mg/day) than with the cur-
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rently recommended dosage of 5 mg/day. The al-
terations in the coagulation process induced by
muromonab-CD3 may be mediated by the release
of TNFa (and perhaps other cytokines) from cir-
culating mononuclear cells.[81

2.5 Other Drugs

There are other drugs whose association with
TMA has been described. These include interferon-
0,182:83] interferon-B,8¢ ticlopidine,87-91 clopid-
ogrel 9 quinine,!®? simvastatin,®4 oral contracep-
tives,[%! penicillin,[%I penicillamine,®”l iodine, %!
rifampicin®) and metronidazole.l'%! For inter-
feron, ticlopidine, clopidogrel and quinine, the asso-
ciation with TMA iswell described; however, for
other drugs, only isolated cases of TMA have been
reported and the cause and effect association be-
tween the use of these drugs and the development
of TMA isdebated.

2.5.1 Interferon

TMA has been recently observed in patients
treated with interferon for chronic myelogenous
leukaemia, hairy cell leukaemiaand hepatitis C.[8
86,101-107] How interferon may induce TMA has not
been clarified. The mechanism is probably immu-
nological; interferon may enhance cellular immu-
nity!1%8] and stimulate the expression of HLA-DR
antigens on glomerular and tubular cells with sub-
sequent attack by activated lymphocytes.[1%! More-
over, interferon-a may induce the production of
autoantibodied 119 and the presence of antiphos-
pholipids has also been reported in patients with
interferon-associated TMA.[193] Finally, a direct
nephrotoxic effect has been proposed.!™1 |n the 12
cases of interferon-associated TMA described in
the literature, renal involvement was common and
only 1 patient died of TMA. Prompt diagnosis,
early discontinuation of the drug and supportive
treatment contributed to improving the outcome.
However, kidney prognosis was poor, since 5 pa-
tients needed long term dialysis and 2 experienced
persistent renal failure; 4 patients had normal |ab-
oratory values. Some patientswere given only sup-
portive care, whereas othersweretreated with plas-
mapheresis and/or corticosteroids and vincristine.

Drug Safety 2001; 24 (7)
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However, on the basis of these few reported cases,
it is not possible to evaluate the efficacy of a spe-
cific therapy in interferon-induced TMA.

2.5.2 Ticlopidine

Ticlopidine, an antiaggregating agent used for
the treatment of intermittent claudication and pre-
vention of stroke, and in patients with cardiac
stents, has been rarely associated with the devel op-
ment of TMA. The estimated incidence of TMA
following ticlopidine use is 1 case per 1600 to
5000.187-911 A review of 60 cases showed that
ticlopidine-induced TMA is characterised by pre-
dominant neurological abnormalities and occurred
within 1 month of treatment in 80% of the cases.[8]
The overall survival rate was 67%. Once ticlopid-
ine therapy is stopped, treatment with plasma ex-
change may be associated with decreased mortal -
ity. However, clinicians have also to consider that
ticlopidine may be beneficial in the treatment of
TMA associated with other factors.[112

2.5.3 Clopidogrel

Clopidogrel isanew antiaggregating agent which
has a mechanism of action and chemical structure
similar to those of ticlopidine. These agentsblock an
adenosine diphosphate-binding site on platelets,
which inhibits the expression of the glycoprotein
IIb/11a receptor that binds fibrinogen and large
VWF multimers. Clopidogrel has achieved wide-
spread clinical use because of its generally favour-
abletolerability profile. However, Bennett et al .[9%
recently described 11 cases of TMA that occurred
during or soon after treatment with this drug was
discontinued. Unlike the previously reported cases
of ticlopidine-induced TMA, clopidogrel-induced
TMA devel oped within 2 weeks of theinitiation of
therapy. Asinticlopidine-induced TMA, neurol og-
ical alterations predominated. All patients were
treated with plasma exchange and 2 of them re-
quired 20 or more exchanges before clinical im-
provement was achieved. Eight patients had com-
plete resolution of TMA after the discontinuation
of clopidogrel therapy, 2 had relapses that rapidly
recovered after plasma exchange, and 1 patient
died. Of interest is that half of the patients with
clopidogrel-induced TMA were concomitantly
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treated with cholesterol-lowering drugs, and 1
patient had arecurrence during treatment with ator-
vastatin. Since 1 case of simvastatin-induced
TMA isreported in the literature,!®¥ the possibility
of adverse pharmacological interactions between
cholesterol-lowering drugs and clopidogrel needs
to be investigated. The mechanisms by which ti-
clopidine and clopidogrel may cause TMA are
poorly understood. Ticlopidine is directly toxic to
endothelial cells in vitro. Moreover, patients with
ticlopidine-associated TMA may have adeficiency
of vVWF-cleaving protease activity in plasma com-
parable to that observed in idiopathic forms of
TMA.

2.5.4 Quinine

Quinine-induced TMA is a rare, recently de-
fined condition,[93] characterised by predominant
renal impairment. It typically occurs in patients
presensitised by prior exposure to quinine and rap-
idly follows reingestion of the drug. Quinine is
generally used to treat muscle cramps but it isalso
contained in beverages (tonic water and bitter
lemon drinks). Quinine-dependent antiplatel et, an-
tierythrocyte and antigranulocyte antibodies have
been involved in the pathogenesis of the disease.
Despite the dramatic presenting symptoms and se-
vere renal failure, the outcome is usually good if
cessation of quinine and institution of plasma ex-
change are provided early enough.[113] Recovery of
renal function is described in most cases. Avoid-
ance of successive quinine use is necessary to pre-
vent recurrences.

3. Conclusions

Drug-induced TMA is a rare condition that
causes significant morbidity and mortality. Itisim-
portant that clinicians become aware of this poten-
tial complication, since its early recognition may
be vital. Strict monitoring of renal and haemato-
logical parameters and of blood pressure should be
performed in patients undergoing therapy with po-
tentially toxic drugs. |mmediate discontinuation of
thedrugisnecessary inthe case of suspected TMA.
Treatment for drug-induced TMA is not stand-
ardised and modalitiesthat are sometimes effective
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in other formsof TMA have been used empirically.
Although plasmatherapy seemsto be of value, the
effectiveness of this approach has yet to be proved
in multicentre, randomised clinical studies.
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