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Summary. Background: Accurate estimates of the incidence of

thrombotic thrombocytopenic purpura (TTP) are important to

assess the resources required for current treatments as well as to

anticipate the need to develop new treatments. Previous

estimates have been indirect and have not reported data on

patients with ADAMTS-13 deficiency. Objective: To deter-

mine the incidence of patients with TTP-hemolytic uremic

syndrome (HUS) in three categories: all patients with clinically

suspected TTP-HUS, patients with idiopathic TTP-HUS, and

patients with severe ADAMTS-13 deficiency. Methods: Inci-

dence rates were estimated from the Oklahoma TTP-HUS

Registry, analyzing all 206 consecutive patients from January 1,

1996 to June 30, 2004 who were treated with plasma exchange

for their initial episode of clinically suspected TTP-HUS.

ADAMTS-13 activity was measured in 186 (90%) of the 206

patients. Results: The age–sex–race standardized annual inci-

dence rates were 11.29 · 106 (95% CI: 9.70–12.88) for all

patients with clinically suspected TTP-HUS; 4.46 · 106 (95%

CI: 3.43–5.50) for patients with idiopathic TTP-HUS; and

1.74 · 106 (95% CI: 1.06–2.41) for patients with severe

ADAMTS-13 deficiency (<5%activity). In all three categories,

the incidence rates were greater for women and for blacks. For

patients with severe ADAMTS-13 deficiency, the age–sex

standardized incidence rate ratio of blacks to non-blacks was

9.29 (95% CI: 4.33–19.93). Conclusions: Accurate incidence

rate estimates for all patients with clinically suspected TTP-

HUS, idiopathic TTP-HUS, and TTP associated with severe

ADAMTS-13 deficiency have been determined. The greater

incidence among women and blacks is comparable with their

increased risk for other autoimmune disorders.

Keywords: hemolytic uremic syndrome, incidence, racial dis-

parity, thrombotic thrombocytopenic purpura.

Introduction

Accurate estimates of the incidence of thrombotic thrombocy-

topenic purpura-hemolytic uremic syndrome (TTP-HUS) are

important in order to assess the resources required for current

standard treatments and also to anticipate the number of

patients who may benefit from potential new treatments, such

as replacement therapy with recombinant ADAMTS-13 [1].

Previous estimates of the incidence of TTP have been

indirect. Török et al. estimated the annual incidence of TTP

to be 3.7 · 106, based on analysis of the USA death

certificates from 1968 to 1991 [2]. However, death certificate

data may be inaccurate. A recent autopsy study documented

that the sensitivity and the positive predictive value of death

certificates for predicting the cause of death were only 47%

and 54%, respectively [3]. Furthermore, the method of Török

et al. [2] required an estimate of the TTP mortality rate in

order to calculate the total number of patients from the

number of recorded deaths. For this calculation, they

estimated the mortality rate to be 30% [2], but during the

years of this analysis plasma exchange treatment was intro-

duced and the mortality rate dramatically decreased, from

90% [4] to approximately 20% [5]. Therefore, the use of a

single mortality rate estimate may have caused additional

inaccuracy.

Miller et al. estimated the USA incidence of TTP from

claims submitted to a health insurer covering 18 states [6]. Their

annual incidence rate estimate of 3.8 · 106 [6] was nearly

identical to the estimate of Török et al. [2]. However, their data
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may have been biased by the selection of patients with health

insurance and the inconsistency of insurance claims reports.

Neither study [2,6] reported data on patients with ADAMTS-

13 deficiency.

In contrast to these indirect estimates [2,6], we have directly

determined the incidence rates for TTP-HUS from the data of

The Oklahoma TTP-HUS Registry. We have estimated the

incidence rate for all patients with clinically suspected TTP-

HUS, patients with idiopathic TTP-HUS, and patients with

severe ADAMTS-13 deficiency. We have standardized our

incidence rates to the USA census data to make our data

generalizable to the USA population.

Methods

The Oklahoma TTP-HUS registry

The Registry includes all consecutive patients for whom the

Oklahoma Blood Institute (OBI) is requested to provide

plasma exchange treatment for clinically suspected TTP or

HUS [7,8], based on the presence of microangiopathic hemo-

lytic anemia and thrombocytopenia without an apparent

etiology [5,9]. Because the OBI is the sole provider of plasma

exchange services for all hospitals in central, western, and

southeastern Oklahoma, the Registry is an inception cohort of

all consecutive patients in a defined geographic region. The

standard practice in our region is to treat all adult patients who

have clinically suspected TTP or HUS, as well as children with

TTP and atypical HUS, with plasma exchange. Therefore, we

use the comprehensive term, TTP-HUS, to describe all

patients. The only patients systematically excluded from the

Registry are those not treated with plasma exchange, such as

children with typical (diarrhea-associated) HUS who are

managed with supportive care. Adults who present with a

prodrome of bloody diarrhea are treated with plasma exchange

and are therefore included in the Registry. The Registry region

includes 58 of the 77 Oklahoma counties with a population in

2000, the midpoint for the 8.5 years of this analysis, of

2.31 · 106 [10]. The Oklahoma City Metropolitan Statistical

Area, a region including six counties with a population of

1.08 · 106, was considered to be urban; the other 52 counties

were considered to be rural [10]. The Oklahoma TTP-HUS

Registry is approved by the institutional review boards of the

University of Oklahoma Health Sciences Center and each

participating hospital.

Incidence rates

Our incidence rate estimates were determined from patients

who had their initial episode of TTP or HUS between January

1, 1996 and June 30, 2004. Patients enrolled prior to 1996 were

excluded for two reasons: (i) the number of patients enrolled in

The Oklahoma TTP-HUS Registry increased each year from

1989, the year the Registry began, to 1995, similar to other

experience [11]. Since 1995, there have been no consistent

trends in the number of patients enrolled each year. (ii) Serum

samples for measurement of ADAMTS-13 activity have only

been routinely collected since November 13, 1995 [7].

From January 1, 1996 to June 30, 2004, 206 consecutive

patients were enrolled who were permanently or temporarily

living within the Registry region at the time of their initial

episode; three additional patients were excluded from this

analysis because they were referred from outside the Registry

region. No patients for whom the OBI was requested to

provide plasma exchange treatment for clinically suspected

TTP or HUS declined to be enrolled. Follow-up is complete on

all 206 patients to the present time.

Each patient was classified by age, sex, race, and urban or

rural residence. Patients� race was defined by the investigators.

Census data for race were defined as black (black alone or in

combination with one or more other races, including both

Hispanic and non-Hispanic blacks) or non-black (all other

racial designations). Patients were assigned to counties accord-

ing to their residence at the time of their initial episode.

Standard methodologies were used to calculate standardized

incidence rates (number of new cases divided by person-years

of observation) and incidence rate ratios [12]. Age-, sex-, and

race-specific incidence rates were calculated using the popula-

tion data of the Registry region. To make these incidence rates

generalizable to the USA population, they were standardized

for age, sex, and race using the age, sex, and race distribution of

theUSApopulation. BothOklahoma and theUSApopulation

data were obtained from the USA Census 2000, the midpoint

for the 8.5 years of this analysis [10].

We calculated incidence rates using three different criteria to

define TTP-HUS: (i) all patients who had an initial episode of

clinically suspected TTP-HUS in whom the decision to initiate

plasma exchange treatment was made; (ii) patients with

idiopathic TTP-HUS, excluding TTP-HUS associated with

hematopoietic stem cell transplantation, pregnancy, drugs,

bloody diarrhea, or patients with an additional or alternative

diagnosis; [7] and (iii) patients with severe ADAMTS-13

deficiency (<5% activity; Table 1). No patients had a family

history of TTP or HUS or had a history of recurrent episodes

since childhood; therefore these data reflect the incidence of

acquired TTP-HUS.

ADAMTS-13 measurements

ADAMTS-13 activity was measured as previously described

[13,14] on serum samples collected immediately prior to the first

plasma exchange treatment in 186 (90%) of the 206 patients.

The clinical categories of these 186 patients are presented in

Table 1. This assay method is reproducible, effectively discrim-

inating among different ADAMTS-13 levels when compared

with other current assays [15], and is used as the standard to

validate new assay methods for ADAMTS-13 [16]. Patients

were defined as having severe ADAMTS-13 deficiency if they

had <5% activity [14], either at the time of their initial

presentation or at the time of a subsequent relapse. Among the

20 patients for whom we had no samples for ADAMTS-13

measurements, six died immediately after plasma exchange was
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requested, before treatment could be begun and a sample

collected; in the 14 other patients, the samples were either not

obtained or misplaced by error.

Results

Using any of the three criteria to define TTP-HUS, most

patients were women (Table 2); the relative frequency of

women increased as the defining criteria became more specific:

all patients with suspected TTP-HUS, 67%; idiopathic TTP-

HUS, 73%; severe ADAMTS-13 deficiency, 74%. The relative

frequency of black patients also increased as the defining

criteria became more specific: all patients with suspected TTP-

HUS, 19%; idiopathic TTP-HUS, 27%; severe ADAMTS-13

deficiency, 44% (Table 2). TTP-HUS was less common in

people £19 years old (Fig. 1), even though the percentage of

the USA population is similar in the three younger age groups

in Table 2 (£19 years, 29%; 20–39 years, 29%; 40–59 years,

26%) [10]. The age range among all patients with suspected

TTP-HUS reflects the heterogeneity of these syndromes

(Fig. 1). For example, the 13 women with pregnancy or

postpartum-associated TTP-HUS were all young (17–37 years

old) and the 11 patients with quinine-associated TTP-HUS

were all older (42–79 years old). Most patients (24 of 27, 89%)

with severe ADAMTS-13 deficiency were between 20 and

59 years old. Most patients (24 of 27, 89%) with severe

ADAMTS-13 deficiency had idiopathic TTP-HUS [7]; two

were postpartum and one had HIV infection (Table 1).

The standardized incidence rate of all patients with clinically

suspected TTP-HUS in the Oklahoma Registry was

11.29 · 106 (Table 3). The standardized incidence rate of

patients with idiopathic TTP-HUS was 4.46 · 106 and the

standardized incidence rate of patients with severe ADAMTS-

13 deficiency was 1.74 · 106. The standardized incidence rate

ratio comparing blacks with non-blacks was significantly >1

using any of the three criteria to define TTP-HUS (Table 3).

Among patients who had TTP associated with severe ADAM-

TS-13 deficiency, the incidence rate ratio indicates that the

incidence rate of TTP associated with severe ADAMTS-13

deficiency is more than ninefold higher in blacks than non-

blacks. The standardized incidence rate ratio of TTP-HUS

comparing women with men was also significantly >1 for any

of the three criteria. There may have been an increased

incidence of TTP-HUS among patients who live in urban

counties compared with rural counties (Table 3).

Discussion

Estimates of the incidence rates for TTP-HUS from The

Oklahoma TTP-HUS Registry should be more accurate than

previous estimates, because all patients within a defined

geographic area for whom plasma exchange treatment was

requested for clinically suspected TTP-HUS were identified

and enrolled. Previous estimates of the incidence of TTP were

indirect, requiring extrapolation of data from death certificates

[2] or from insurance claims records [6].

Table 1 Number of patients enrolled in the Oklahoma thrombotic thrombocytopenic purpura-hemolytic uremic syndrome (TTP-HUS) Registry, January

1, 1996–June 30, 2004 according to clinical categories and ADAMTS-13 measurement

Diagnostic categories

All patients with suspected

TTP-HUS (n ¼ 206)

Patients with ADAMTS-13

measurements (n ¼ 186)

Patients with ADAMTS-13

activity <5% (n ¼ 27)

Hematopoietic stem cell transplantation 9 8 0

Pregnancy/postpartum 14 13 2

Drug-associated 26 21 0

Bloody diarrhea prodrome 12 12 0

Additional/alternative diagnosis 68 62 1

Autoimmune disease 26 23 0

Sepsis 18 16 0

Systemic malignancy 8 7 0

HIV infection 4 4 1

Malignant hypertension 3 3 0

Multiorgan failure 9 9 0

Idiopathic 77 70 24

Criteria for defining the diagnostic categories have been previously described [7].

Table 2 Number of patients enrolled in the Oklahoma thrombotic

thrombocytopenic purpura-hemolytic uremic syndrome (TTP-HUS)

Registry, January 1, 1996–June 30, 2004 according to age, sex, race, and

criteria for disease definition

Sex

Suspected TTP-

HUS (n ¼ 206)

Idiopathic TTP-

HUS (n ¼ 77)

ADAMTS-13

deficient (n ¼ 27)

Non-black Black Non-black Black Non-black Black

Men, age (years)

£19 2 1 2 1 1 0

20–39 9 7 2 2 0 2

40–59 22 7 4 3 2 2

60–79 15 0 4 0 0 0

‡80 5 0 3 0 0 0

Women, age (years)

£19 7 0 3 0 1 0

20–39 29 10 10 5 7 4

40–59 37 11 16 7 3 4

60–79 34 2 8 2 1 0

‡80 6 2 4 1 0 0

Criteria for defining the three categories for TTP-HUS and the racial

categories are described in Methods.
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Our estimate of the incidence of all patients with clinically

suspected TTP-HUS who were treated with plasma exchange,

11.29 · 106, is threefold greater than the two previous reports

on the incidence of TTP [2,6]. This may be due to the

heterogeneity of these patients (Table 1). Some patients subse-

quently had an alternative diagnosis made after plasma

exchange was begun, such as unsuspected sepsis or dissemin-

ated malignancy [7]. Although these 206 patients were hetero-

geneous, with multiple different etiologies and associated

clinical conditions and some may not have had TTP-HUS,

this estimate is important to anticipate the resources required

for plasma exchange services, as the request for plasma

exchange treatmentwas the defining criterion for these patients.

Our estimate of the incidence of patients defined as having

idiopathic TTP-HUS, excluding TTP-HUS associated with

hematopoietic stem cell transplantation, pregnancy, drugs,

bloody diarrhea, or patients with an additional or alternative

diagnosis [7,17], was similar to the previous estimates of the

incidence of TTP [2,6]. Thismay indicate that patients currently

described as idiopathic TTP-HUS, a subset of all patients with

clinically suspected TTP-HUS, resemble patients whose death

certificates [2] or insurance claims [6] were coded as TTP.

However, patients with non-idiopathic TTP-HUS also have the

characteristic clinical features of TTP andmay also have severe

ADAMTS-13 deficiency [7].

Our estimate of the incidence of patients who had severe

ADAMTS-13 deficiency is important to anticipate the need to

develop new therapies. The standardized incidence rate for

patients with severe ADAMTS-13 deficiency is lower than for

all patients with clinically suspected TTP-HUS or patients with

idiopathic TTP-HUS. TTP associated with severe ADAMTS-

13 deficiency was rare in children and older adults, consistent

with previous observations [18]. Also the incidence of women

and blacks among patients with severe ADAMTS-13 defici-

ency was greater than among all patients with clinically

suspected TTP-HUS (Table 3).

The greater incidence rate of TTP-HUS among women is

consistent with many previous observations [19]. The

increased relative frequency of blacks among patients with

TTP has been suggested in previous case series [2,7,17,20,21].

There may also be an increased incidence of TTP-HUS

among patients who live in urban counties compared with

rural counties, perhaps due to a higher index of suspicion in

the urban hospitals related to awareness of The Oklahoma

TTP-HUS Registry. Increased recognition of TTP associated

with publicity about a clinical trial was previously documen-

ted in Canada [11].

As acquired severe ADAMTS-13 deficiency may be an

autoimmune disorder [1,13], the increased incidence among

women and blacks may be comparable with their increased risk
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Fig. 1. Age distribution of patients with thrombotic thrombocytopenic purpura-hemolytic uremic syndrome (TTP-HUS). The open bars represent all 186

patients for whomADAMTS-13 activity wasmeasured. The subset of 27 patients with severe ADAMTS-13 deficiency (<5%activity) is represented by the

lower black sections of these bars.

Table 3 Annual incidence per 106 population of thrombotic thrombocytopenic purpura-hemolytic uremic syndrome (TTP-HUS) in the Oklahoma TTP-

HUS Registry

Criteria for definition Incidence rates (all patients)

Incidence rate ratios

Women/men Black/non-black Urban/rural

Suspected TTP-HUS 11.29 (9.70–12.88) 1.85 (1.37–2.49) 3.07 (2.16–4.37) 1.41 (1.05–1.88)

Idiopathic TTP-HUS 4.46 (3.43–5.50) 2.44 (1.45–4.09) 4.92 (2.95–8.19) 1.38 (0.84–2.27)

ADAMTS-13-deficient 1.74 (1.06–2.41) 2.68 (1.11–6.51) 9.29 (4.33–19.93) 2.14 (0.84–5.24)

For calculation of the incidence rates for all patients and of the urban/rural incidence rate ratios, incidence data were standardized for age, sex, and

race. For calculations of incidence by race, data were standardized for age and sex. For calculations of incidence by sex, data were standardized for

age and race.

Data in parentheses are 95% confidence intervals.
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for developing other autoimmune disorders, such as systemic

lupus erythematosus [22]. The increased incidence among

blacks could also be related to their higher plasma levels of von

Willebrand factor (VWF) [23], whichmay increase their risk for

VWF-mediated platelet thrombus formation in the absence of

ADAMTS-13.

Limitations of this analysis are that some patients may have

died before the diagnosis of TTP-HUS was considered and

some patients residing within the Registry region may have

received treatment elsewhere. Also the incidence rate for

patients with severe ADAMTS-13 deficiency may be underes-

timated because ADAMTS-13 activity was not measured in

20 patients. The strength of these data is the direct analysis of

consecutive patients within a defined geographic region over

8.5 years.
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