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We report the course of thrombotic thrombocy-
topenic purpura (TTP) in a patient receiving tacro-
limus (FK506) immunosuppression for an ABO mis-
matched second liver graft. A Chinese woman with
fulminant hepatitis-B reactivation failed a living-
related orthotopic liver transplantation (OLT) due
to portal vein thrombosis. An ABO mismatched
cadaveric OLT (group A to O) was performed, with
peri-operative plasmapheresis to reduce anti-A
hemagglutinin titers. On day 30, she developed
fever, hemolysis, thrombocytopenia and neurologic
dulling. Prominent microangiopathic features in
peripheral blood film, and characteristic brain
lesions on magnetic resonance imaging confirmed
TTP. She responded initially to intensive plasma-
pheresis with cryosupernatant replacement, and
withdrawal of FK506. An attempted reintroduction
of FK506 for threatened rejection led to TTP exac-
erbation. This was controlled with prolonged
plasmapheresis and a ten-day infusion of prostacy-
clin. Immunosuppression was changed to mycophe-
nolate mofetil. By day 53, the peripheral film and
lactate dehydrogenase level had returned to base-
line and plasmapheresis was stopped.
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treatment. TTP has rarely been reported in the setting
of orthotopic liver transplantation (OLT).7,8 The
prognosis of TTP is often poor, partly due to delayed
diagnosis and definitive therapy, and partly due to
the serious nature of the underlying conditions.9 We
report a case of tacrolimus (FK506) induced TTP
after ABO mismatched second OLT. The disease ran
a protracted clinical course, but the patients was
successfully salvaged with intensive plasmapheresis,
and prostacyclin infusion after FK506 withdrawal.

Report of a case
A 44-year old Chinese woman (blood group O)

underwent OLT from an ABO matched living sibling
donor because of a fulminant flare-up of chronic
hepatitis B virus (HBV) infection, under lamivudine
coverage.10,11 Graft failure occurred due to portal
vein thrombosis. She underwent a second emergency
OLT 17 days later from a cadaveric donor (blood
group A). Peri-operative plasmapheresis (one plasma
volume exchange: four liters), with fresh frozen plas-
ma replacement was performed, immediately before
her operation, and four and seven days after it. Ser-
ial monitoring of the anti-A hemagglutinin titers was
performed, and levels were kept below 1 in 8.6 For
both OLTs, the immunosuppression used was pred-
nisolone (20mg daily) and FK506 (target trough lev-
el 10-15 ng/mL),12 with the addition of OKT3 induc-
tion (5 mg × 5 days) for the second OLT. One month
after the second OLT, she was admitted to the inten-
sive care unit with swinging fever, pancytopenia and
a grossly elevated lactate dehydrogenase (LDH) lev-
el (506U/L normal: 200-360) (Figure 1). Her com-
plete blood picture showed hemoglobin (Hb):
4.9g/L, white cell count (WCC): 5.9×109/L and
platelet count (Plt): 15×109/L (uncorrected for red
blood cell (RBC) fragments). A peripheral blood film
showed severe red cell fragmentation, polychroma-
sia, nucleated RBC and very severe thrombocytope-
nia. The coagulation profile was normal. Rapid clin-
ical deterioration followed, with renal failure, sepsis
and seizures. A magnetic resonance imaging (MRI)
scan showed hyperintense white matter infiltrates in
bilateral cerebellar hemispheres and occipital lobes,
characteristic of TTP13(Figure 2). Extensive screening
for auto-immune antibodies, direct antiglobulin test
(DAT), lupus anticoagulant and viral studies were
negative, and her anti-A hemagglutinin titer was not

Acquired thrombotic thrombocytopenic purpu-
ra (TTP) is a rare microvascular hemolytic dis-
ease. The central feature in the pathogenesis of

TTP is abnormal platelet aggregation in the micro-
circulation, secondary to abnormal platelet endothe-
lial interaction.1 Recent evidence has shown that
many primary cases are of immune-mediated etiol-
ogy.2,3 However, in secondary cases, an immune eti-
ology may or may not be implied.4,5 A large number
of drugs have been implicated as causative agents.6

Some, such as cyclosporin and alkylating agents,
have both been implicated as cause and also used for
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raised. A diagnosis of FK506 induced TTP was made,
and the drug was stopped. Intensive daily plasma-
pheresis (four liters per day) with cryosupernatant
replacement was started. Four days later, improve-
ment in RBC morphology was seen, with reduced
transfusion requirements and LDH level (Figure 1).
There was a transient rise in the bilirubin and liver
transaminase levels, and FK506 was resumed due to
suspected graft rejection. This caused rapid clinical
and biochemical deterioration. The immunosup-
pressive agent was changed to mycophenolate
mofetil (MMF, 1 g twice daily). Low dose daily
prostacyclin (Iloprost, PGI2) infusion (50 ug/day over
8 hours) was added for ten days.14 There was marked
improvement, and plasmaspheresis was stopped
after 24 days. The peripheral film showed normal
RBC morphology, and the complete blood picture
and LDH returned to baseline levels.

Discussion
Thrombotic thrombocytopenic purpura is diag-

nosed by a clinical pentad of fever, neurologic abnor-
mality, microangiopathic hemolytic anemia, throm-
bocytopenia and renal impairment.15 The coagula-
tion profile is usually normal, which helps to distin-
guishTTP from disseminated intravascular coagula-
tion (DIC). Although our case had a classical fulmi-
nant presentation, there is a wide spectrum of TTP
severity, and patients often present with unusual
symptoms. The underling pathology in TTP is abnor-
mal platelet aggregations in the microcirculation, due
to abnormal platelet-endothelial interactions.1 How-
ever, distinction from other related clinical and patho-
logical syndromes such as hemolytic-uremia syn-
drome (HUS) and DIC may be difficult. TTP itself is
also a heterogeneous disorder.1 Idiopathic or prima-
ry TTP may run a recurrent or familial course. An anti-
body against von Willebrand’s factor (vWF)-cleaving
metalloprotease is the major cause of primary TTP.2,3

Secondary TTP occurs due to infection,16 drugs,6,17

organ transplantation18 or auto-immune disease,
notably, systemic lupus erythematosus19, 20 and anti-
phospholipid syndrome.21 In secondary TTP, other
auto-antibody mediated and non-immune mediated
mechanisms of vascular damage and platelet activa-
tion may be involved.1,4,6,20,22 The association between
TTP and cyclosporin is well described in the setting of
bone marrow and solid organ transplantation.6,7

There are fewer reports of TTP related to FK506 in
marrow and kidney recipients.7,8,23 In a recent review
of 21 cases of FK506 related TTP, 80% occurred in
renal allograft patients.8 This probably reflects the
larger number of renal transplantation performed,
and the more extensive use of FK506 in this setting.
Only three cases of FK506-related TTP after OLT have
been reported.8,24,25 Notably, in a review of 1,400
patients receiving FK506 for OLT, auto-immune
hemolysis was reported in eight cases, but TTP was
not observed.26 It is possible that in mild cases, the
diagnosis of TTP is delayed, if not missed. Evidence
for FK506 involvement is also circumstantial, since
episodic TTP is unrelated to trough FK506 levels, and
often occurs in the setting of infection and other sys-
temic disturbances.8 In our case, the improvement of

TTP with FK506 withdrawal, and its deterioration
after FK506 re-challenge make FK506 the most likely
culprit. This is most likely related to its immunomod-
ulating effect, although an auto-antibody was not for-
mally demonstrated. This is the also first report of
TTP in ABO mismatched OLT patients, who are sus-
ceptible to DAT positive, immune-mediated hemoly-
sis.27 Crossing the ABO blood group barrier has not
been implicated in any case of FK506-related TTP so
far reported. An ABO mismatched OLT, sepsis and
extensive major vessel thrombosis may all have been
contributory in our case by causing significant endo-
thelial injury. Since the median time to development
of TTP after FK506 exposure is four months (range <1
to 23),8 it is not surprising that TTP was not observed
at initial FK506 exposure after the first ABO matched
OLT. 

Like its diagnosis, the therapy of TTP is challenging.
The most effective therapy is plasmapheresis, and up
to a hundred sessions may be needed.28 For refractory
cases, splenectomy, intravenous γ-globulin, vin-
cristine, alkylators, aspirin, or even paradoxically,

Figure 1: Clinical course of thrombotic thrombocytopenic
purpura complicating tacrolimus immunosuppression after
second orthotopic liver transplantation.

Figure 2: A T1-weighted magnetic resonance imaging (MRI)
scan showing bilateral multiple subcortical cerebellar hyper-
intense lesions (arrows)



cyclosporin29 have all been reported to be effective.6

The use of prostacyclin analogs, which inhibit
endothelial reactivity and platelet aggregation, has
been reported in fewer than 50 cases.30,31 Iloprost, a
long-acting PGI2 analog, was used because of local
availability and its reported efficacy was rapid, espe-
cially in combination with plasmapheresis.31 Its use
coincided with a rapid remission in our case. This
suggests that early combination therapy may help to
break the vicious cycle of endothelial damage and
hasten recovery. Our case also illustrates the advan-
tage of the availability of a wider choice of effective
immunosuppressive drugs in solid organ transplan-
tation in the face of severe side effects.32
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