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Background and objective. Antiplatelet agents
are often included in plasma exchange-based regi-
mens for thrombotic thrombocytopenic purpura
(TTP) patients; however, the opportuneness of
their use in TTP is still controversial. The Italian
Cooperative Group for TTP carried out a random-
ized trial to investigate their actual effectiveness,
both in acute TTP and as maintenance treatment.

Methods. Seventy-two TTP patients were ran-
domized to receive plasma exchange and steroids
with (group B) or without (group A) aspirin and
dipyridamole. Treatment efficacy was evaluated
after 15 days and salvage treatments were also con-
sidered for non-responders. Upon disease remis-
sion, the patients already treated with antiplatelet
agents received ticlopidine for one year.

Results. Regarding the treatment of acute phase
TTP, similar overall response rates were observed
in the two groups (91.4% in group B vs. 75.6% in
group A), but lower mortality rates were observed
at 15 days in the patients treated with antiplatelet
agents; as a matter of fact, 5 patients from arm A
died in the first 15 days (13.5%) versus only one in
arm B (2.8%). These figures, while not statistically

significant, seem to suggest that antiplatelet
agents might be useful in preventing deaths in
acute TTP; moreover, bleeding did not worsen in
antiplatelet agent-treated patients. As for the role
of maintenance treatment, our results support the
efficacy and safety of one-year ticlopidine therapy
since the current relapse rate is significantly higher
in non-treated patients; as a matter of fact, 6
patients (21.4%) in the non-ticlopidine group and
only 2 (6.25%) in the ticlopidine group relapsed (p
= .0182 in favor of maintenance treatment).

Interpretation and Conclusions. Our results sug-
gest the usefulness of antiplatelet agents in the
treatment of acute phase TTP patients. Moreover,
a one-year ticlopidine maintenace therapy appears
to be beneficial in preventing TTP relapses; howev-
er, only the completion of an adequate follow-up
for all patients will definitively confirm this obser-
vation.
©1997, Ferrata Storti Foundation
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Thrombotic thrombocytopenic purpura (TTP)
is an uncommon hematologic syndrome in
which microvascular platelet thrombosis pro-

duces a clinical picture characterized by thrombo-
cytopenic purpura, schistocyte hemolytic anemia
on a microangiopathic basis, fluctuating neuropsy-
cological symptoms, fever and renal involvement.1

Until the late 1970’s the prognosis of this disease
was nearly always fatal.2,3 Since then, however, plas-
ma manipulation techniques – i.e. plasma infusion
and plasma exchange – alone or combined with
pharmacologic therapy, have allowed complete
remission to be achieved in as many as 75% of
treated patients.3-5 Currently, plasma exchange

must be considered the treatment of choice for TTP
after having been proved superior to plasma infu-
sion in a controlled clinical trial.6

Besides the problem of treating the uncommon
forms of TTP resistant to plasma exchange,7-9

another issue to be addressed is the effectiveness of
all the drugs which are often combined with plas-
ma exchange, antiplatelet agents in particular.10 The
rationale for the use of antiplatelet agents lies in
the main pathologic feature of TTP – i.e. the pres-
ence of platelet thrombosis in the arterioles and
capillaries of several organs and systems11 and the
evidence for platelet activation.12 However, no
definitive conclusions can be drawn on the actual
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effectiveness of different antiplatelet agents based
only on the single case reports and small retrospec-
tive studies reported in the literature, mostly
because in the overwhelming majority of cases
many protocols were combined.13

Even though in some cases antiplatelet agents
(especially aspirin and dipyridamole) were reported
to actually help disease remission,14 in most cases
no benefit came from the administration of these
drugs.13 Furthermore, some authors report a wors-
ening clinical picture, especially as far as bleeding is
concerned, after the pharmacologic inhibition of
platelet function,15 or even the onset of an acute
TTP episode in some patients receiving ticlopi-
dine,16 an antiplatelet agent other authors consider
to be an extremely promising tool.1 7 Thus,
antiplatelet agents are usually not recommended in
TTP, especially when bleeding is observed in the
central nervous system and/or the digestive sys-
tem,9,13,18,19 but in fact this thorny issue is still widely
debated.

The Italian Cooperative Group for TTP carried
out a randomized clinical trial to investigate the
actual effectiveness of antiplatelet agents combined
with plasma exchange and corticosteroids in acute
TTP. In addition, the hypothesis was tested that
manteinance treatment with antiplatelet agents
could prevent possible TTP recurrence.

Patients and Methods

Inclusion criteria 
Patients with an initial diagnosis of TTP referred to the differ-

ent centers participating in the Italian Cooperative Group for
TTP from September 1988 to December 1993 were considered
for enrollment in the treatment protocol. The diagnosis of TTP
was confirmed in the presence of the following findings: throm-
bocytopenia (< 1003109/L), microangiopathic hemolytic ane-
mia (with schistocytes in peripheral blood smears, high LDH
and low haptoglobin levels), no other possible causes of anemia
and thrombocytopenia, neurologic symptoms and/or signs of
altered renal function. Bone or gingival biopsies to demonstrate
typical PAS-positive platelet thrombosis were not mandatory
for a TTP diagnosis. Moreover, each patient gave his/her
informed consent upon enrollment; when the patient was in a
coma or suffered severe neurologic changes prejudicing discern-
ment, informed consent was given by the closest relative.

Randomization 
To enroll a new patient, the referring clinician asked the

National Trial Coordinator to randomize him/her according to
a given allocation table.

Treatment protocol 
Patients were randomized to two arms; arm A patients

received combined plasma exchange and methylprednisolone (2
mg/kg/day, i.v.), while arm B patients received both the above
combination and antiplatelet agents (i.e. acetylsalicylic acid per
os or lysine salicylate i.v., 10 mg/kg/day, plus dipyridamole, 3
mg/kg/day per os or 0.4 mg/kg/day i.v.). Plasma exchange was
scheduled on a possibly daily basis, minimum 7 to maximum 10
sessions – at least 7 of them in the first 10 days – and, if com-
plete remission was achieved, 2 more sessions were scheduled.
Plasma exchange was performed by substituting one volume of
patient plasma with the same amount of fresh frozen plasma
from healthy donors; no albumin was used in the reinfusion
fluid. Plasma collection and the tests on plasma itself, to

exclude contamination by infectious agents, were always carried
out according to the ever-evolving guidelines of the Italian gov-
ernment.

Fifteen days after treatment was started, disease status – i.e.
complete/partial remission or no response – was assessed
according to the following criteria: platelet count > 1503109/L,
reticulocytes < 1003109/L, LDH < 300 U/L, serum BUN < 50
mg % and creatinine < 1.2 mg% for complete remission and
platelet count > 1003109/L, but < 1503109/L, with LDH < 300
U/L for partial remission. As for non-responders, each clinician
was totally free to choose a salvage treatment among the thera-
pies known to be more or less effective in plasma exchange-
resistant TTP, e.g. vincristine,20 PGI2,21 high-dose IgG,22 splenec-
tomy.3 In the case of partial remission, 7 more plasma exchange
sessions were scheduled and, if complete response failed to be
achieved, the patient was given high-dose IgG (0.4 g/kg/day,
for 5 days).

Then, if complete remission was still not achieved yet, the
patient was considered to be a non-responder and was treated
as reported above. When complete remission was achieved, the
patients treated with antiplatelet agents in the acute phase were
scheduled to receive one-year maintenance treatment with ticlo-
pidine (500 mg/day, per os), while those not treated with
antiplatelet agents in the acute phase were scheduled for no
additional therapy. The treatment protocol schedule is summa-
rized in Figure 1.

Follow-up 
The follow-up of complete remission patients is still in

progress; the schedule calls for a clinical examination, including
complete hemochromocytometric test, a peripheral blood
smear and LDH titer, once a month for 6 months and then 3
times a year for the remaining 4 1/2 years. To unquestionably
differentiate actual TTP relapses from new onsets due to early
treatment discontinuation, we considered a relapse to be every
episode which occurred after the platelet count had been main-
tained above 1003109/L for at least 4 weeks after therapy was
stopped.23

During both the acute and the ticlopidine maintenance treat-
ments (see above for details on the latter) special attention was
paid to detecting any signs or symptoms of toxicity referrable to
antiplatelet agents (and cortisone) in terms of new hemor-
rhages or a worsening of previous ones.

Statistical analysis 
Fleiss’ equation24 was used to calculate the number of

patients needed for initial enrollment to be 90% sure (b = .1,
test potency = .9) of finding, when present, a 10% statistically
significant difference (a = .05) between the response rates in
the two treatment arms. The number thus calculated amounted
to 336 patients, an unrealistic goal because TTP is a very
uncommon disease; indeed, the Italian Cooperative Group for
TTP has collected extensive data on no more than a hundred
TTP cases in nearly 20 years’ activity.

Therefore, considering that major information could never-
theless be gained, we chose to sacrifice statistical significance
and set only a time limit.

Data were elaborated with the x2 test.

Results

Patient characteristics 
In all, 72 patients were enrolled in this treatment

protocol within the scheduled 6 years; 25 of them
were men and 47 women, mean age (± SD) being
39.56 years (± 15.41) for men and 37.26 (± 15.72)
for women.

At onset, all patients presented thrombocytope-
nia, with a mean platelet count of 22.202±
15.413109/L (range: 4-813109/L) and microangio-
pathic anemia, with a mean hemoglobin level of
7.94±2.02 g/dL (range: 4-11.7 g/dL); schistocytes
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were demonstrated in all cases. On admission, 59
patients presented with neurologic symptoms of
varying severity (81.9%), 58 bleeding (80.5%) and
38 bio-humoral signs of altered renal function
(52.7%).

As far as renal impairment in our TTP patients is
concerned, a diagnosis of HUS (hemolytic-uremic
syndrome) was arbitrarily ruled out since in all
patients with kidney damage stool examination led
us to exclude the presence of enterotoxins produc-
ing Escherichia coli strains; furthermore, in all cases,
the clinical picture was predominantly character-
ized by the above mentioned non-renal manifesta-
tions.

Besides elevated creatinine and BUN levels, other
common signs of renal impairment were the pres-
ence of hematuria (micro- or macrohematuria) and
of cylindruria at urinanalysis. However, in the analy-
sis of our patients, we included macrohematuria
with the other types of bleeding.

These latter were mucocutaneous hemorrhages
or macrohematuria in most patients (35 of 58 and
21 of 58, respectively), gastrointestinal bleeding in
8 and nervous system bleeding in 2 patients only.
Eight patients had associated mucocutaneous
hemorrhages and macrohematuria.

Patient randomization to the two treatment arms 
Thirty-seven of the 72 patients were randomized

to arm A and thus treated with combined plasma

exchange and methylprednisolone; the remaining
35 patients, randomized to arm B, received the
above combination plus antiplatelet agents.

The demographic, bio-humoral and clinical fea-
tures of the patients in our series are summarized in
Tables 1 and 2; the two treatment groups appear
well matched and statistically homogeneous. No
statistically significant changes were observed
between the two treatment arms relative to plasma
exchange scheduling; thus, the average volume of
plasma exchanged in each session was 2825 cc (±
300 SD) in group A and 2800 cc (± 350 SD) in
group B (p = n.s.). Furthermore, the plasma
exchange session/days ratio (in the first 15 days),
whose prognostic value is well known,5 was on the
average .75 in group A and .7 in group B (p = n.s.).

Treatment efficacy 
Independent of the type of treatment received, 60

patients (83.3% of the whole series) achieved com-
plete remission, while 12 patients failed to respond
and died (16.7%). Specifically, 28 complete remis-
sions (75.6%) were achieved in arm A (plasma
exchange plus methylprednisolone) vs. 32 (91.4%)
in arm B (plasma exchange, methylprednisolone
and antiplatelet agents); this difference was not
statistically significant.

Considering disease state at 15 days, that is when
treatment effectiveness was first assessed, 22 com-
plete remissions (59.4%) were observed in arm A
and 21 (60%) in arm B; in all, 43 patients were
cured in 15 days of treatment. Once again, no sta-
tistically significant differences were observed.
While no partial remissions were recorded, 6
patients died in the first 15 days – 5 in arm A
(13.5%) and one in arm B (2.8%).

As for the above death rate, even though the dif-
ference between the two arms was not statistically
significant (p = .073), the higher number of deaths
in the group treated without antiplatelet agents

Table 1. Main demographic and biohumoral features of patients
in arms A (#37) and B (#35).

Overall arm 'A' arm 'B' p
mean mean mean

Patient age (years) 38.06 36.8 39.3 n.s.
Men’s age (years) 39.56 38.3 41.1 n.s.
Women’s age (years) 37.26 35.9 38.5 n.s.
Platelets (n.v. 150-400 x 109/L) 22.2 23.5 20.9 n.s.
Hemoglobin (n.v. 12-17.5 g/dL) 7.9 8.03 7.83 n.s.
LDH (n.v. 100-225 U/L) 2210 2345 2074 n.s.
Serum BUN (n.v. 10-50 mg/dL) 63.5 66.4 60.2 n.s.
Creatinine (n.v. 0.3-1.2 mg/dL) 1.56 1.65 1.44 n.s.
Tot. bilirubin (n.v. 0.1-1.2 mg/dL) 2.91 2.85 2.97 n.s.

Plasma exchange (possibly daily
sessions) + methylprednisolone
i.v. 2 mg/kg/day

Plasma exchange (possibly daily
sessions) + methylprednisolone i.v.
2 mg/kg/day + acetylsalicylic acid
p.o. or lysine salycylate i.v. 10
mg/kg/day + dipyridamole 3
mg/kg/day p.o. or 0.4 mg/kg/day i.v.

Free therapy:
• HDIgG (0.4 g/kg/day for 5 days or
• VCR (2 mg weekly) or
• PGI2 (escalating doses from 2

ng/kg/min on day 1 to 10 ng/kg/min
on day 5) or

• splenectomy

After 15 days

No responseComplete remission

R

Partial remission

Ticlopidine
500 mg p.o. 


for one year 

(pts. from arm B)

Complete
remission

No therapy
(pts. from arm A)

More plasma exchange

HDIgG (0.4 g/kg/day for 5 days)

Partial remission
or no response

No response

Figure 1. Summary of treatment protocol schedule.



seems to suggest that these agents are useful in
acute TTP. Of the 23 patients (10 from arm A and
13 from arm B) who did not respond at 15 days
and were therefore submitted to free therapy, 17 (6
from arm A and 11 from arm B) achieved complete
remission thanks to salvage therapy, while the other
6 (4 from arm A and 2 from arm B) died; in all, our
death rate was 16.7%, which is in substantial agree-
ment with the literature data.

The data relative to the types of free therapy and
their results are summarized in Table 3. However,
an analysis of salvage therapies and their results
allows no unquestionable conclusions to be drawn.

Side effects of antiplatelet agents 
One of the potential risks of using antiplatelet

agents in acute TTP is that bleeding, which is so
dramatically common in TTP, may worsen. In our
personal series, we found no major evidence of this
legitimate concern: during acute treatment, pre-
existing bleeding worsened transiently in only 4
(11.4%) of the patients receiving antiplatelet agents
(mucocutaneous bleeding in 3 and gastrointestinal
bleeding in 1 patient). These symptoms regressed
promptly and the overall clinical pattern normal-
ized, with no lethal hemorrhages or bleeding so
strong as to render the patient severely anemic.

Moreover, none of the non-bleeding patients exhib-
ited any bleeding episode which could be related to
the treatment.

Finally, regarding ticlopidine maintenance treat-
ment, severe erosive gastritis appeared in two
patients only (6.25%) and resolved with adequate
medical therapy.

In neither the acute phase nor the maintenance
period did any of the patients originally random-
ized to receive antiplatelet agents refuse treatment
or need to discontinue it due to toxic effects.

Maintenance treatment efficacy 
Of the 60 patients who achieved complete remis-

sion, 32 were given ticlopidine as maintenance
treatment for one year, while the 28 not treated
with antiplatelet agents in the acute phase received
no maintenance therapy and were considered as a
control group.

Currently, after all these patients have completed
their maintenance treatment, 8 (13.3%) have
relapsed: 2 (6.25%) in the ticlopidine group and 6
(21.4%) in the non-ticlopidine group. The two
relapses in the treated group were observed 18 and
30 months, respectively, after the acute TTP
episode. In contrast, the 6 controls relapsed at 12.1
months on the average (range: 4-20), with as many
as two patients having a recurrence within 6
months of the acute episode.

The intergroup difference rate is, at present, sta-
tistically significant (p = .0182) in favor of the ticlo-
pidine group. However, no definitive conclusions
can be drawn before follow-up is completed for all
patients. As for tolerance, ticlopidine treatment
was completed in all the patients scheduled to
receive it and the drug caused no clinically impor-
tant side effects.

All relapsed patients were successfully retreated
with plasma exchange, steroids and antiplatelet
agents, used at the above dosages and with the
reported modalities.

Discussion
Plasma exchange is the treatment of choice for

TTP patients and, since it has proven to be superior
to plasma infusion alone,7 this technique can be
hypothesized to act primarily by removing some
disease-causing factor rather than by replacing a
missing one. Indeed several reports suggest the exis-
tence of one or more factors causing the abnormal
platelet aggregation typical of TTP: for instance,
class-G antibodies,25 a small protein,26 unusually
large von Willebrand factor (vWF) multimers,27 a
cysteine-proteinase,28 etc.

In all these cases, the apheretic component of
plasma exchange is reported to remove the involved
factor, while replacing the patient’s plasma with
fresh frozen plasma from healthy donors is report-
ed to help restore normal plasma inhibitory
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Table 3. Salvage treatments and their results in 23 non-respon-
ders, according to the treatment arm the patients had been ran-
domized to. No patient received more than one salvage treat-
ment.

Arm ‘A’ (#10) Arm ‘B’ (#13)
Salvage treatment in remission dead in remission dead

Splenectomy 0 2 — —
Vincristine 2 1 6 0
PGI2 1 0 2 1
High-dose IgG 3 1 3 1
Total # of pts. 6 4 11 2

Table 2. Main clinical features of patients in arms A (#37) and B
(#35).

Arm ‘A’ Arm ‘B’
# pts. (%) # pts. (%) p

Bleeding 30 (81.08) 28 (80) n.s.
Neurologic symptoms 30 (81.08) 29 (82.8) n.s.
Fever 20 (54) 20 (57.1) n.s.
Renal signs 20 (54) 18 (51.4) n.s.
Hepatomegaly 6 (16.2) 6 (17.1) n.s.
Splenomegaly 2 (5.4) 3 (8.5) n.s.
Hepato-splenomegaly 4 (10.8) 7 (20) n.s.

 



action.29 Moreover, plasma exchange is reported to
stimulate prostacyclin production,30 to lengthen its
activity,31 or to support the conversion of abnor-
mally large vWF multimers into smaller, non-
pathogenous forms.32

However, besides plasma exchange or infusion,
several drug treatment protocols have often been
used not only because the actual etiopathogenetic
mechanism underlying the protean clinical picture
of TTP is still debated, but also because of the
severity of TTP and, in some cases, because starting
plasmapheresis early is difficult. In particular,
steroids and antiplatelet agents are often combined
with conventional plasma manipulation tech-
niques.

The rationale for using glucocorticoids is based
on the historic observation that some TTP patients
responded to corticosteroids alone19 and, especial-
ly, on the assumption that TTP may have an auto-
immune component, in which case the possible
production of autoantibodies against endothelial
cells or ultralarge vWF depolymerase27,33,34 would be
inhibited by cortisone administration.

Even though these suppositions are aleatory,
steroids are so commonly combined with plasma
exchange that Moake suggests administering them
(0.75 mg/kg methylprednisolone, i.v., every 13th

hour) as soon as TTP is diagnosed.35

Using antiplatelet agents seems to be a more
rational choice, since the main pathologic feature of
TTP is the presence of platelet thrombosis in the
microcirculation.11 Nevertheless, many renowned
authors have spoken against antiplatelet agents,9,13,18

even though the issue is still debated.
For instance, as Rock reports in her fundamental

paper,7 in Canada combining aspirin and dipyri-
damole with plasma exchange is considered an
essential step in TTP treatment.

The main objection to antiplatelet agents in
acute TTP is that they may worsen or support
bleeding, which is at any rate a typical feature of
the clinical picture of TTP. This concern, put forth
mainly by Rosove in 1979,15 made Phillips suggest
that antiplatelet agents not be used when bleeding
is observed in the central nervous system and/or
gastrointestinal system.13 Furthermore, literature
reports surely do not help clarify the issue because
some authors come out in favor of14,17 and some
against15,16 antiplatelet agents, the results being
affected most often by the fact that many different
treatment protocols are frequently combined.13

To address this complex issue, the Italian
Cooperative Group for TTP has activated a nation-
al treatment protocol to investigate the actual
effectiveness of antiplatelet agents in TTP. 

Even though statistical significance could not be
attained, our results suggest that antiplatelet
agents are rather innocuous in acute TTP. The
response rates in our two treatment arms are much

the same – or even slighty higher in the antiplatelet
arm; moreover, when aspirin and dipyridamole
were added, bleeding did not worsen. In fact, lower
mortality rates at 15 days in the patients treated
with antiplatelet agents (1 death only vs. 5 in the
treatment arm without antiplatelet agents),
although not statistically significant, would seem to
suggest that these agents might even be useful
when combined with plasma exchange and
steroids, to prevent deaths in acute TTP.

In an attempt to distinguish responders from
non-responders in terms of prognostic factors, we
applied Rose and Eldor’s severity score to our case-
series;36 unfortunately, this scoring system, based
on four clinical and laboratory parameters (neuro-
logical findings, renal function impairment, platelet
count and hemoglobin value at presentation), did
not allow us to identify any relevant prognostic fac-
tor (p=n.s.). 

In our opinion, the use of combined aspirin and
dipyridamole in the acute phase, plus ticlopidine as
maintenance treatment, is worth discussing in
detail.

Aspirin is known to act on platelets through irre-
versible acetylation of cyclooxygenase, resulting in
totally impaired prostaglandin production from
arachidonic acid, and on endothelial cells by
inhibiting endothelial cyclooxygenase, with conse-
quent totally impaired PGI2 production,37 which
accounts for its use in several thrombotic disorders.
As far as the dose of aspirin used in our study is
concerned, at the time the protocol was designed
there was considerable speculation about the dose
needed to inhibit platelet function in vivo, and par-
ticularly in a disease such as TTP, which is charac-
terized by rapid platelet turnover. A single 50 mg
dose of aspirin taken orally by an adult was known
to be sufficient to prolong bleeding time and
severely depress the amount of TXA2 metabolites
excreted in the urine; however, the dose required to
inhibit the generation of PGI2 was thought to be
higher.38 This is why we chose such a high dose of
aspirin.

The use of dipyridamole in TTP is even more
debated. Indeed, even though this agent is reported
to increase the intraplatelet concentration of cyclic
adenosine monophosphate, this effect is not
apparent at drug doses which can be obtained
physiologically.13 Therefore dipyridamole is used in
TTP and other conditions39 based on the results of
old, nonrandomized literature reports. Thus, just
like the Canadian group, we chose to include it in
our protocol based on a temporal relationship
between its administration or dosage increase and
disease remission, as reported by many authors.13

As for ticlopidine, it was reportedly a very promis-
ing drug, even though its mode of action was not
completely known, when we planned our proto-
col;10 moreover, none of the reports on TTP onset
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in ticlopidine-treated patients which drew so much
attention some years later16 had been published yet,
while some positive experiences with this drug were
reported in the literature.

So, for maintenance treatment our results seem
to support ticlopidine administration for a year
after remission; indeed the current relapse rate is
markedly higher in non-ticlopidine-treated than in
ticlopidine-treated patients. Even admitting that
our study design does not exclude the possibility
that the initial treatment with aspirin and dipyri-
damole may account for the advantages observed
after maintenance treatment, the role of anti-
platelet agents nevertheless seems unquestionable.
This important observation must of course be con-
firmed by a longer follow-up of all patients, espe-
cially because of the high rate of late relapses
observed in the Canadian series.23 However, since
early relapses appear to be much more frequent in
Italy than in Canada40 for reasons we cannot fully
understand yet on the basis of our current biologic
knowledge of TTP, the efficacy of maintenance
treatment in preventing disease relapse observed in
our study remains equally significant.

To conclude, our results suggest that antiplatelet
agents combined with indispensable plasma
exchange (and steroids) are definitely not con-
traindicated in the treatment of TTP, but may even
protect the patients receiving them, thus –
perhaps – decreasing mortality in the acute phase.
This beneficial effect is even more apparent when
considering the results of maintenance treatment
with ticlopidine; however, only the completion of
an adequate follow-up for all patients will unques-
tionably confirm this observation.

References
1. Moschkowitz E. Hyaline thrombosis of the terminal arterioles and

capillaries: a hitherto undescribed disease. Proc NY Pathol Soc
1924; 24:21-4.

2. Hill JB, Cooper WM. Thrombotic thrombocytopenic purpura
treatment with corticosteroids and splenectomy. Arch Intern Med
1968; 122:353-6.

3. Rose M, Rowe J, Eldor A. The changing course of thrombotic
thrombocytopenic purpura and modern therapy. Blood Rev 1993;
7:94-103.

4. Bobbio-Pallavicini E, Porta C, Fornasari PM, Viarengo GL, Ascari
E. Thrombotic thrombocytopenic purpura (TTP): retrospective
study of 84 patients and therapeutic prospects. Transfus Sci 1992;
13:39-44.

5. Gutterman LA. Thrombotic thrombocytopenic purpura: prospec-
tive treatment with a standardized regimen. Transfus Sci 1992;
13:45-52.

6. Rock GA, Shumak KH, Buskard NA, et al. Comparison of plasma
exchange with plasma infusion in the treatment of thrombotic
thrombocytopenic purpura. N Engl J Med 1991; 325:393-7.

7. Porta C, Bobbio-Pallavicini E, Centurioni R, Tacconi F and the
Italian Cooperative Group for TTP. Thrombotic thrombocytopenic
purpura resistant to plasma-exchange: salvage treatment with
high-dose IgG or vincristine. Int J Artif Organs 1993; S5:201-4.

8. Perotti C, Torretta L, Molinari E, Salvaneschi L. Cryoprecipitate-
poor plasma fraction (cryosupernatant) in the treatment  of
thrombotic thrombocytopenic purpura at onset. A report of four
cases. Haematologica 1996; 81:175-7.

9. Centurioni R, Refe C, Cecapolli A. Cryosupernatant in thrombotic
thrombocytopenic purpura (TTP): is it really useful?
Haematologica 1997; 82:125-6.

10. Centurioni R, Leoni P, Da Lio R, et al. Antiplatelet agents for the

treatment of thrombotic thrombocytopenic purpura. Transfus Sci
1992; 13:77-88.

11. Asada Y, Sumiyoshi A, Hayashi T, Suzumiya J, Kaketani K. Immu-
nohistochemistry of vascular lesions in thrombotic thrombocy-
topenic purpura, with special reference to factor VIII-related anti-
gens. Thromb Res 1985; 38:469-79.

12. Vianelli N, Catani L, Gugliotta L, et al. Increased P-selectin plasma
levels in patients with thrombotic  thrombocytopenic purpura.
Haematologica 1996; 81:3-7.

13. Phillips MD. Antiplatelet agents in thrombotic thrombocytopenic
purpura. In: Kaplan BS, Trompeter RS, Moake JL, eds. Hemolytic
uremic syndrome and thrombotic thrombocytopenic purpura.
New York: Marcel Dekker; 1992. p. 531-40.

14. Myers TJ, Wakem CJ, Ball ED, Tremont SJ. Thrombotic thrombo-
cytopenic purpura: combined treatment with plasmapheresis and
antiplatelet agents. Ann Intern Med 1980; 92:149-55.

15. Rosove MH, Ho WG, Goldfinger D. Ineffectiveness of aspirin and
dipyridamole in the treatment of thrombotic thrombocytopenic
purpura. Ann Intern Med 1979; 96:27-33.

16. Page Y, Tardy B, Zeni F, Comtet C, Terrana R, Bertrand JC. Throm-
botic thrombocytopenic purpura related to ticlopidine. Lancet
1991; 337:774-6.

17. Vianelli N, Catani L, Belmonte M, et al. Ticlopidine in the treat-
ment of thrombotic thrombocytopenic purpura: report of two
cases. Haematologica 1990; 75:274-7.

18. Byrnes JJ, Lian ECY. Recent therapeutic advances in thrombotic
thrombocytopenic purpura. Semin Thromb Hemost 1979; 5:199-
215.

19. Bell WR, Braine HG, Ness PM, Kickler TS. Improved survival in
thrombotic thrombocytopenic purpura-hemolytic uremic syn-
drome. Clinical experience in 108 patients. N Eng J Med 1991;
325:398-403.

20. Bobbio-Pallavicini E, Porta C, Centurioni R, et al. and the Italian
Cooperative Group for TTP. Vincristine sulfate for the treatment of
thrombotic thrombocytopenic purpura refractory to plasma-
exchange. Eur J Haematol 1994; 52:222-6.

21. Bobbio-Pallavicini E, Porta C, Tacconi F, et al. and the Italian
Cooperative Group for TTP. Intravenous prostacyclin (as
Epoprostenol) infusion in thrombotic thrombocytopenic purpura.
Four case reports and review of the literature. Haematologica
1994; 79:429-37.

22. Centurioni R, Bobbio-Pallavicini E, Porta C, et al and the Italian
Cooperative Group for TTP. Treatment of thrombotic thrombocy-
topenic purpura with high-dose immunoglobulins. Results in 17
patients. Haematologica 1995; 80:325-31.

23. Shumak KH, Rock GA, Nair RC and the Canadian Apheresis
Group. Late relapses in patients successfully treated for thrombot-
ic thrombocytopenic purpura. Ann Intern Med 1995; 122:569-72.

24. Fleiss JL. Statistical methods for rates and proportions. 2nd ed.
New York: John Wiley & Sons; 1981. p. 23-4, 71-5, 260-80.

25. Burns ER, Zucker-Franklin D. Pathologic effects of plasma from
patients with thrombotic thrombocytopenic purpura on platelets
and cultured vascular endothelial cells. Blood 1982; 60:1030-7. 

26. Siddiqui FA, Lian ECY. Novel platelet-agglutinating protein from
thrombotic thrombocytopenic purpura. J Clin Invest 1985;
76:1330-7.

27. Moake JL, McPherson PD. Abnormalities of von Willebrand factor
multimers in thrombotic thrombocytopenic purpura and the
hemolytic uremic syndrome. Am J Med 1989; 87:9N-15N.

28. Moore JC, Murphy WG, Kelton JG. Calpain proteolysis of von
Willebrand factor enhances its binding to platelet membrane gly-
coprotein IIb/IIIa: an explanation for platelet aggregation in
thrombotic thrombocytopenic purpura. Br J Haematol 1990;
74:457-64.

29. Byrnes JJ. Plasma infusion in the treatment of thrombotic throm-
bocytopenic purpura. Semin Thromb Hemost 1981; 7:9-14.

30. Hensby CN, Lewis PJ, Hildgard P, Mufti GJ, How J, Webster J.
Prostacyclin deficiency in thrombotic thrombocytopenic purpura.
Lancet 1979; ii:748-51.

31. Chen YC, McLeod B, Hall ER, Wu KK. Accelerated prostacyclin
degradation in thrombotic thrombocytopenic purpura. Lancet
1981; ii:267-9.

32. Moake JL, Byrnes JJ, Troll JH, et al. Effects of fresh frozen plasma
and its cryosupernatant fraction on von Willebrand factor multi-
meric forms in chronic relapsing thrombotic thrombocytopenic
purpura. Blood 1985; 65:1232-6.

33. Byrnes JL, Moake JL. Thrombotic thrombocytopenic purpura and
the hemolytic uremic syndrome: evolving concepts of pathogenesis
and therapy. Clin Hematol 1986; 15:413-42.

34. Moake JL. TTP - desperation, empiricism, progress. N Engl J Med
1978; 325:426-8.

35. Moake JL. An update on the therapy of thrombotic thrombocy-
topenic purpura. In: Kaplan BS, Trompeter RS, Moake JL, eds.
Hemolytic uremic syndrome and thrombotic thrombocytopenic
purpura. New York: Marcel Dekker; 1992. p. 541-6.

36. Rose M, Eldor A. High incidence of relapses in thrombotic throm-
bocytopenic purpura. Clinical study of 38 patients. Am J Med
1987; 83:437-44.

37. Roth GJ, Stanford N, Majerus PW. Acetylation of prostaglandin
synthase by aspirin. Proc Natl Acad Sci USA 1975; 72:3073-6.

38. Fitzgerald GA, Oates JA, Hawiger J, et al. Endogenous biosynthesis
of prostacyclin and thromboxane and platelet function during

434 E. Bobbio Pallavicini et al.



Antiplatelet agents in TTP 435

chronic administration of aspirin in man. J Clin Invest 1983;
71:676-9.

39. Fitzgerald GA. Dipyridamole. N Engl J Med 1987; 316:1247-57.
40. Porta C, Centurioni R, Vianelli N, et al. and the Italian

Cooperative Group for TTP. Thrombotic thrombocytopenic pur-
pura (TTP) and relapses. Why do case-series differ? Am J Hematol
1996; 52:215-6.

Appendix

Centers adhering to the Italian Cooperative Group for TTP:

Divisione di Ematologia, Ospedale Generale, Bolzano (O.
Prinoth), Unità di Ematologia, Ospedale Santa Chiara, Trento
(M. Rubertelli), Centro Trasfusionale, Ospedale Civile, Padova
(G. Ongaro), Divisione di Ematologia, Ospedale Civile, Vicenza
(F. Rodeghiero), Servizio di Immunoematologia, IRCCS
Policlinico San Matteo, Pavia (L. Salvaneschi and C. Perotti),
Divisione di Nefrologia, Ospedale Niguarda, Milano (G.
Busnach), Centro Trasfusionale, Ospedale Maggiore, Lodi (G.
Cambiè), Istituto di Ematologia, IRCCS Policlinico San Matteo,
Pavia (A. Canevari), Divisione di Ematologia, Ospedale Civile, S.
Giovanni Rotondo (M. Carotenuto), Divisione di Ematologia,
Ospedale Pugliese, Catanzaro (G. Leda), Servizio di
Immunoematologia e Trasfusionale, Ospedali Riuniti, Sassari
(G. Bertrand), Divisione di Ematologia, Ospedale Businco,
Cagliari (A. Broccia), Divisione di Medicina V, Ospedale

Regionale, Parma (D. Poli), Ospedale Servello, Palermo (A.
Chimè), Servizio Trasfusionale, Policlinico Gemelli, Roma (G.
Menichella), Servizio di Immunoematologia e Trasfusionale,
Ospedale Civile, Pescara (A. Iacone), Istituto di Ematologia “L.
& A. Seragnoli”, Università di Bologna (L. Gugliotta, N. Vianelli),
Dipartimento di Medicina Interna e Nefrologia, IRCCS
Policlinico San Matteo, Università di Pavia (C. Porta), Istituto di
Medicina Interna e Oncologia, IRCCS Policlinico San Matteo,
Università di Pavia (E. Ascari, National Coordinator), Centro
Trasfusionale, Ospedale di Careggi, Firenze (G. Avanzi), Servizio
di Immunoematologia e Trasfusionale, Ospedale Santa Chiara,
Pisa (P. Fosella), Divisione di Ematologia, Ospedale S. Camillo,
Roma (N. Petti), Divisione di Medicina, Ospedale Civile, Borgo
Sesia (L. Anselmetti), Sezione di Ematologia, Università di Roma
(G. Isacchi), Istituto di Clinica Medica, Università di Ancona (R.
Centurioni), Servizio Trasfusionale, Ospedale Cardarelli, Napoli
(C. Vacca), Banca del Sangue, Ospedale S. Giovanni Battista,
Torino (F. Peyretti), Divisione di Medicina B, Ospedale Civile,
Biella (M. Antonini), Servizio Trasfusionale, Ospedale Galliera,
Genova (R. Adami), Divisione di Ematologia, Policlinico,
Modena (U. Di Prisco), I Divisione di Medicina Generale,
Arcispedale S. Maria Nuova, Reggio Emilia (L. Masini), Divisione
di Medicina Generale, Ospedale Maggiore, Crema (E. Bobbio-
Pallavicini, Group Responsible, and F. Tacconi).




