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Summary

Introduction: Thrombotic thrombocytopenic purpura (TTP) is a rare, life-threatening syndrome
characterized by microangiopathic anemia, thrombocytopenia, diffuse microvascular thrombo-
sis, and ischemia. It is associated with very low levels of ADAMTS-13. Measurement of ADAMTS-13
levels is used for diagnostic and prognostic purposes, but in every-day clinical practice, this type
of analysis is not always readily available. In this retrospective study, we evaluated prognostic
value of clinical and laboratory findings in patients with TTP.
Materials and methods: We retrospectively investigated patients with clinically diagnosed TTP
treated in a unit of Internal and Emergency Medicine (1996-2007). Clinical and laboratory findings
were collected and analyzed in order to assess their ability to predict in-hospital death.
Results: Twelve patients were identified (mean age 59 � 22 years; 58% were women). Five (42%)
died during the hospitalization, and the variables significantly associated with this outcome
were: a delay between diagnosis and symptom onset (HR 1.36; 95% CI 1.04-1.78; p < 0.05); a
higher severity score (HR 1.48; 95%CI 1,23-3.86; p < 0.05); hemodynamic instability with
hypotension and/or shock (HR 3.35; 95%CI 3.02-9.26; p < 0.01); a higher schistocyte count on
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blood smear (HR 1.84; 95%CI 1.04-3.27; p < 0.05); and higher lactate values (HR 1.85; 95%CI 1.08-
3.16; p < 0.05).
Conclusions: TTP is a rare and potentially fatal disease with protean manifestations. Delayed
diagnosis after symptom onset is a major determinant of poor outcome. Hypotension and shock
are also prognostically unfavourable. Laboratory evidence of cardiocirculatory compromise (i.e.,
elevated lactate levels) and extension of the disease process (i.e., schistocyte count > 3) are
predictive of in-hospital death, independently of the hemodynamic profile on admission.
� 2011 Elsevier Srl. All rights reserved.
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Introduction

Thrombotic thrombocytopenic purpura (TTP) is a rare, life-
threatening familial or acquired syndrome characterized by
microangiopathic anemia and thrombocytopenia with dif-
fuse microvascular thrombosis and organ ischemia. It was
first described by Moschcowitz in 1925 [1]. Mortality may
exceed 90% if the disease is untreated; however, with the
introduction of plasma exchange as a standard of therapy,
mortality has been significantly reduced [2,3]. The clinical
picture is often unrevealing, with subtle presenting symp-
toms and non-specific laboratory findings that frequently
leads to a delay in diagnosis [4]. The pathophysiology of TTP
has recently been elucidated. A genetic mutation or the
presence of inhibitory antibodies lead to reduced production
of ADAMTS13 (A Disintegrin and Metalloprotease with
Thrombospondin-1—like domains), an enzyme that cleaves
von-Willebrand factor [5], and ultra-large plasmatic multi-
mers of von-Willebrand factor (ULVWF) accumulate. These
ULVWF multimers bind efficiently to glycoprotein (GP) Ib of
platelet GPIb-IX-V receptors, promoting diffuse platelet
aggregation with organ ischemia, thrombocytopenia and
microangiopathic anemia. Measured levels of ADAMTS13
activity are severely reduced (<5%) in TTPrelative to several
conditions mimicking Moschcowitz disease (sepsis, cancer,
heparin-induced thrombocytopenia and hemolytic-uremic
syndrome). Measurement of ADAMTS13 activity has been
[()TD$FIG]

Figure 1 Clinical algorythm to diagnose thrombotic thrombocytop
demonstrated to be a useful tool for diagnostic and progno-
stic purposes, but its clinical application is currently limited
by the unavailability of assays in most hospitals [6,7]. In this
retrospective study, we sought to describe the clinical cha-
racteristics of patients with TTP and to determine the
significance of simple and readily available clinical and
laboratory tests performed on admission in predicting in-
hospital mortality.

Materials and methods

We retrospectively evaluated cases with a first episode of
clinically diagnosed TTP, defined by the presence of severe
hemolytic microangiopathic anemia and thrombocytopenia
without an apparent alternative etiology. All patients were
admitted directly from the Emergency Room in the Internal
and Emergency Medicine unit of a large, regional, university-
affiliated referral hospital between March 1996 and December
2007. TTP patients were identified according to a clinical
algorithm applied to all cases of combined anemia and
thrombocytopenia (Fig. 1). All patients with a clinical dia-
gnosis of TTPwere admitted to a High Dependency Unit, with
continuous monitoring of cardiac frequency, respiratory
frequency and spO2; blood pressure was usually monitored
non-invasively and intermittently, except in those cases for
which an arterial line was inserted. Venous blood samples
were drawn to measure common laboratory parameters,
enic purpura (TTP).



Table 1 Presenting clinical features and laboratory test
results at the time of diagnosis of 12 patients with TTP. Data
in parentheses are expressed as percentage or range of
values.

Clinical characteristics
Age (years) 59�22 (37—85)
Female 7 (58%)

Presenting symptoms
Fluctuating neurological
disorders

9 (83%)

Fever 9 (83%)
Weakness 10 (91%)
Abdominal pain 1 (9%)
Hematuria 2 (18%)
Purpura 2 (18%)
Renal failure 4 (36%)
Delay from symptoms onset
to diagnosis (days)

6 (3—36)

Laboratory test results
Platelet count (cells/mL) 24300 (9000—63,000)
Hemoglobin (g/dL) 7.2 (4.5—11.7)
White Blood Cells count
(cells/mL)

11000 (11000—19000)

Average schistocytes per field 3 (2—6)
Creatinine (mg/dL) 1.5 (0.8—2.1)
LDH (UI/L) * 1005 (726—1429)
Lactate (mmol/L) 3.6 (0.9—8.1)

* LDH: Lactate dehydrogenase.
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while lactate was measured from an arterial sample (ABL70,
RadiometerMedical A/S, Copenhagen, DK). A severity score,
based on a work of Rose and Eldor [8], was calculated on
presentation based on the following four clinical and labo-
ratory parameters: neurologic findings, impairment of renal
function, platelet count, and hemoglobin value. Each para-
meterwas graded from0 to 2 (0 = no abnormality; 1 = mild to
moderate impairment; 2 = severe impairment). The
patient’s severity score was the sum of the four variables
and ranged from 0 to 8 (most severe). Measurement of
ADAMTS-13 activity by ELISA test was introduced at our
Hospital in 2006 (TECHNOZYM1 ADAMTS-13 Activity ELISA
Chromogenic test, Technoclone, Vienna, Austria), so
ADAMTS-13 activity detection was available in only three
patients. All patients received steroid treatment: either
prednisone at 1 mg/kg/die, or methyl-prednisolone as a
1 g single bolus per day for three consecutive days, followed
by prednisone 1 mg/kg/die; the choice of steroid regimen
was made by the single attending physician. Fresh-frozen
plasma was administered to all patients. Plasma exchange
was started as soon as possible; the exchanged plasma
volume was determined by the transfusion medicine physi-
cian depending on clinical and hemodynamic profile.
A patient was considered to be in remission when the pla-
telet count reached at least 100.000/mm3.

Statistical analysis

All variables are expressed as means and percentages. For
normally distributed continuous variables, the student T-test
was used; a p < 0.05 was considered statistically significant.
For non-continuous variables, the Fisher’s exact test was
used, and a p < 0.05 was considered statistically significant.
The hazard ratio was calculated with the Cox regression
analysis model. The SPSS statistical software package,
10th edition, was used for statistical analysis (SPSS, Chicago,
Ill., USA).

Results

During the study period, twelve patients with TTP were
identified. The main clinical characteristics and laboratory
findings are presented in Table 1. Females represented 58%
of the study population and were younger than males (50.5
vs. 67 years; p < 0.005). Fluctuating neurological disorders
and fever were the most prevalent signs; renal failure (i.e.,
creatinine � 1.4 mg/dL) was present in four patients, and
purpura was present two patients. The elapsed time from
symptom onset to diagnosis was varied (3-36 days). All
patients received high-dose steroid therapy: six patients
were initially treated with pulse bolus of methyl-predniso-
lone; five patients were treated with prednisone 1 mg/kg.
All patients received urgent treatment with fresh-frozen
plasma; the mean daily infused plasma volume was
1460 � 175 mL, with a mean duration of treatment of
8.2 � 1.3 days. The mean daily infusion of fresh-frozen
plasma did not account for any difference in survival
(1380 � 95 vs. 1490 � 100, p = n.s.). The total duration of
treatment was shorter in the group of patients who died
(4.6 + 2 vs. 9.6 + 1.2; p < 0.05). Plasma exchange was per-
formed in nine patients (75%). Five patients (42% of
patients; three females) died during the in-hospital stay;
of these five, two patients did not receive plasma exchange
therapy due to severe hemodynamic compromise. Plasma
exchange procedures did not account for any difference in
survival. Post-mortem histological examination, performed
in four patients, confirmed the diagnosis of TTP. ADAMTS-13
activity was tested in only three patients (see methods); of
these<5% confirmed the clinical diagnosis of TTP. Moreover,
the results were available many days after the admission
and therefore could not be used in clinical decisions. In
Table 2, the clinical features and laboratory findings are
described according to in-hospital outcome. In the hospital,
the death rate was 42%, and the following variables were
significantly associated with a poor outcome: a delay in
diagnosis of TTP from recorded symptom onset (HR 1.36;
95%CI 1.04-1.78; p < 0.05), a higher severity score (HR 1.48;
95%CI 1,23-3.86; p < 0.05), hemodynamic instability (defi-
ned by the presence of hypotension and/or shock) (HR 3.35;
95%CI 3.02-9.26; p < 0.01), a higher schistocyte count on
the blood smear (HR 1.84; 95%CI 1.04-3.27; p < 0.05), and
higher plasma lactate concentration values (HR 1.85; 95%CI
1.08-3.16; p < 0.05).

Long-term follow-up (range 11-63 months) after hospital
discharge was available for four surviving patients (57%). Two
of the four patients had relapses and required repeated
plasma exchange and long-term immunosuppressive therapy
(cyclophosphamide and azatioprine, and splenectomy in
one); they are currently patients in the Hematology Unit
of this Hospital.



Table 2 Clinical features and laboratory findings on hospital admission in 12 patients with TTP according to in-hospital outcome.
Data in parentheses are expressed as percentage or range of values.

In-hospital follow-up

Death (5 patients; 42%) Discharged (7 patients; 58%) p value

Clinical characteristics
Age (years) 59 � 18 57 � 12 n.s.
Male 2 3 n.s.
Female 3 4 n.s.
Length of stay (days) 8.3 � 3.5 14 � 2.8 n.s.

Presenting symptoms
Neurological disorders 5 5 n.s.
Fever 4 5 n.s.
Abdominal pain 0 2 n.s.
Purpura 2 0 n.s.
Renal failure 2 2 n.s.
Severity score 5.6+0.9 3.3+1.0 <0.05
Delay from symptoms onset to diagnosis (days) 18 � 13 8 � 5 <0.05

Hemodynamic features
Heart rate (bpm) 121 � 22 86 � 20 <0.01
SBP (mmHg) 92 � 13 113 � 30 <0.05
Respiratory rate (min-1) 21 � 6 17 � 5 n.s.

Laboratory test results
Platelet count (cells/mL) 16.600 � 11.800 38.000 � 15.300 n.s.
Hemoglobin (g/dL) 7.8 � 2.0 7.7 � 1.8 n.s.
Average number of schistocytes per field 5.4 � 1.8 2.5 � 0.6 <0.05
Creatinine (mg/dL) 1.64 � 0.4 1.16 � 0.2 n.s.
LDH (UI/L) * 1101 � 210 787 � 214 n.s.
Lactate (mmol/L) 6.3 � 1.5 1.3 � 0.4 <0.01

* LDH: Lactate dehydrogenase. The number of major presenting symptoms exceeds 12 because some patients experienced multiple
symptoms.
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Discussion

TTP is a rare familial or sporadic microangiopathic disease
with an estimated annual incidence of 3.7 to 11 cases per
million people in the U.S. [9,10]. Despite recent advances in
understanding the pathophysiology of the disease and the
increased availability of tests for ADAMTS-13, the diagnosis of
TTP in practical settings is still usually made on clinical
grounds through the exclusion of other possible disorders
inducing anemia and thrombocytopenia (Fig. 1). In this
retrospective study, we describe the clinical characteristics
of patients with TTP and the significance of simple and
readily available clinical and laboratory findings in predicting
in-hospital mortality of patients with clinically diagnosed
TTP. A combination of symptoms and signs (fever, neurolo-
gical abnormalities, renal failure, thrombocytopenia and
microangiopathic hemolytic anemia) termed ‘‘the pentad’’
has long been recognized as characteristic of TTP, but is
rarely observed [11,12]. In this study, ambiguous and non-
specific disturbances such as fever and weakness were pre-
valent. There was a high occurrence of neurological disorders
(83%), ranging from fluctuating focal deficits mimicking
ischemic attacks to coma and generalized seizures. It is
noteworthy that neurological symptoms were the clinical
manifestations that prompted hospital admission. In general,
these results correspond with data recorded in large regi-
stries [9]. Purpura, despite being the name of the disease,
rarely manifested in our patients, and clinically significant
hemorrhages were not recorded. Renal failure, which, accor-
ding to the recent literature, is reported in only a minority of
patients, was moderately prevalent in our patient sample
[9,11,12]. In our study, the etiology of TTP remained un-
known in most of the patients; a strong relationship between
ticlopidine treatment and TTP was suspected in two patients;
estroprogestinic therapy and post-partum disease were
suspected in one case. These data are in accordance with
the literature: a causative agent of TTP remains unknown in
more than 80% [13]. The time range from symptom onset to
diagnosis was wide (3-36 days). Since TTP is an aggressive
disease, it is not surprising that those patients who had a
delayed diagnosis had a worse outcome than those patients
with an earlier diagnosis. Frequent misleading diagnoses
made before hospital admission included depression,
anxiety, and suspected thyroid disorders, especially in young
patients. The mortality rate was high (42%) despite intensive
treatment, fresh-frozen plasma transfusion and every effort
to provide plasma exchange therapy. The difference in the
duration of plasma infusion between patients who died and
those who survived was due to patient death rather than to
discontinuation of treatment. The mortality rate in this study
was higher than that reported in randomized controlled trials
of plasma exchange in TTP, but a wide variability is reported
in those papers [3]. This is not surprising because of the
limited number of patients included in this retrospective
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study and the acute clinical setting where the investigation
was carried out.

The hemodynamic profile on admission was predictive of a
poor prognosis; hypotension and shock were present in three
patients and resulted in a three-fold increase in relative risk
of death. It is important to note that two of these patients did
not receive plasma exchange therapy due to severe hemo-
dynamic compromise and refractory hypotension after resu-
scitation efforts. A severity score according to Rose and Eldor
[8] was calculated for each patient, and higher values were
predictive of in-hospital death, with a 48% increase in rela-
tive risk for each incremental point in the score. The score
can easily be calculated; however, to our knowledge this
scoring has not been validated, and the subjective interpre-
tation of qualitative data (i.e., mild, moderate or severe
abnormalities) is a limitation on its usefulness. The number of
schistocytes in the blood smear was predictive of death, with
an 84% increase in relative risk for each schistocyte counted.
Plasma lactate levels were predictive of a worse outcome
independent of hemodynamic status, with a relative risk of
death of 85%. The relationships among schistocyte count,
lactate levels, and death may reflect diffuse involvement of
microvascular circulation. It is noteworthy that lactate level,
which is readily measurable using modern blood gas analy-
zers, is a useful tool for triage of those patients who present
with with occult hemodynamic compromise despite having
normal or near-normal blood pressure values. This pair of
symptoms should warrant a timely and aggressive treatment
approach despite a normal hemodynamic profile.

The main limitations of this study are the retrospective
nature of the investigation and the limited number of
patients observed. Nevertheless, it is necessary to point
out that these limits are frequently encountered when rare
diseases, such as TTP, are considered. Another possible
limitation of the study is that of ADAMTS-13 levels were
measured in only three patients however, in the real clinical
context, the availability of ADAMTS-13 is limited to selected
centers [14]. Moreover, there are discrepancies among assay
techniques [14,15] which limit the routine clinical applica-
tion of such methods. For these reasons, ADAMTS-13 measu-
rement is not a routinely available aid in acute care and
therefore cannot influence real-time clinical decision making
or treatment strategy [16,17].

TTP is a rare disease with a high lethality rate when
untreated. It is difficult to diagnose with a high degree of
certainty, particularly in the acute care setting. The clinical
manifestations of TTP are protean and can be confounded
with more benign syndromes until the late stage of the
disease. Delay from symptom onset to diagnosis is a major
determinant of poor outcome. Laboratory signs of occult
circulatory compromise (e.g., elevated plasma lactate
levels) and of progression of the disease (e.g., schistocyte
count) are determinants of prognosis independent of the
hemodynamic profile on presentation, offering a potential
tool for early risk stratification.
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