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The Oklahoma Thrombotic Thrombocytopenic 
Purpura–Hemolytic Uremic Syndrome Registry: a program 

for patient care, education and research

 

James N. George

 

The Oklahoma Thrombotic Thrombocytopenic Purpura–
Hemolytic Uremic Syndrome (TTP-HUS) Registry was 
created by collaboration of the Oklahoma Blood Institute 
and the Colleges of Medicine and Public Health of the 
University of Oklahoma Health Sciences Center, 
combining their respective strengths of community 
service, patient care, education, and clinical research 
methodology. The organization of the Registry is based 
on the fundamental principles of patient-oriented 
research: 1) all consecutive patients are identified at a 
uniform time early in the course of their disease; 2) 
analysis of clinical data requires quantitative and 
reproducible definitions; 3) patient follow-up is complete; 
and 4) therefore the data are generalizable to community 
practice. A summary of 15 years experience with 301 
consecutive patients is presented. Some of these results 
and interpretations are different from other case series. 
These differences emphasize the distinct perspective of 
the Registry that includes all patients in the community 
who have had a clinical diagnosis of TTP or HUS and for 
whom plasma-exchange treatment was requested. The 
Oklahoma TTP-HUS Registry provides educational and 
research opportunities, in addition to improved patient 
care, and serves as a model for productive collaboration 
of community blood centers and universities.

 

y topic for the Tibor Greenwalt Award Lec-
ture is The Oklahoma Thrombotic Throm-
bocytopenic Purpura–Hemolytic Uremic
Syndrome (TTP-HUS) Registry. My objec-

tives are to describe the Registry as a model program for
collaboration of community blood centers with university
faculty and students and for integrating our professional
goals of patient care, education, and research. I will also
describe new insights into the diverse clinical features of
the TTP-HUS syndromes that have resulted from Registry
data. This is a description of our observations; it is not a
comprehensive or even a balanced review of TTP-HUS.
There are many exciting advances in understanding the
molecular biology of these syndromes that are beyond the
scope of our research. What I describe are the clinical
aspects of these syndromes from the perspective of com-
munity practice.

 

Development of the Oklahoma TTP-HUS Registry

 

Of course, in the beginning there was neither a program
nor a registry—there was only an idea for a research

M
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project. In 1993, as I listened to the
reports of patients with TTP at the Okla-
homa Blood Institute (OBI) staff meet-
ings, I had the idea that evaluating their
treatment and outcomes would provide
useful information for our practice.
First, we reviewed records of previous
patients and then we began to prospec-
tively record observations on current
patients as they were being treated for
TTP. But during this time, I did not rec-
ognize the unique perspective of our
data.

Mentoring is the critical compo-
nent of professional training. Faculty of
my age are judged as mentors, but as our
own careers evolve, we also continually
need mentors. As my career changed
from laboratory-based research to
patient-oriented clinical research, my
mentor for this transition has been Gary
Raskob, currently Dean of our College of
Public Health. In discussions with Gary
about my review of TTP patients at the
OBI, he recognized unique opportuni-
ties that I had not appreciated. He
understood the importance of identify-
ing every patient with TTP in our region
at the time of her or his initial diagnosis;
this  was  possible  because  the  OBI is
the  sole  provider  of  apheresis  services
in  this  region.  These  criteria  define
an inception cohort of consecutive
patients (Table 1), in contrast to the
commonly published case series of
selected patients. Then, in 1995, a grad-
uate student in biostatistics, Sara Vesely
(Fig. 1), began to work on this project;
she has been my continuing colleague
and mentor. She incorporated the prin-
ciples of clinical research (Table 1) into
our project and this transformed our
project into The Oklahoma TTP-HUS
Registry.

We could document every plasma-
exchange procedure performed by the
OBI and review the hospital records of
every patient treated for a clinical diag-
nosis of TTP or HUS after January 1,
1989. Therefore, that date was established as the begin-
ning of Registry data. Although data from the first patients
(Fig. 2) were collected retrospectively, all data since 1994
have been collected prospectively.

The Registry records the complete experience of
central, western, and south-eastern Oklahoma, the region

served by the OBI. Therefore, our data are generalizable to
community practice. Because patients are identified at the
time of the initial request for plasma-exchange treatment,
our data are relevant to the critical moment when a
physician must make his initial management decision:
either commit to the diagnosis of TTP and order plasma

 

TABLE 1. Organization of the Oklahoma TTP-HUS Registry according to 
principles of clinical research

 

Principles of clinical research Organization of the Registry
1. All consecutive patients within a 

defined geographic area are 
identified at a uniform time 
early in the course of their 
illness (an inception cohort).

The OBI is the sole provider of PE* in central, 
western, and southeastern Oklahoma. 
The standard of care is to treat all adults 
with TTP or HUS and children with TTP or 
atypical HUS with PE. Patients are 
identified when a physician requests PE 
for an initial episode of clinically diagnosed 
TTP or HUS.

2. Data are generalizable to 
community practice.

Patients are identified at the time their 
physician must make his initial decision 
regarding PE treatment.

3. Data collection is prospective 
and uniform.

Data are collected prospectively on specific 
forms to ensure that all essential 
information is recorded.

4. Definitions for presenting 
features and clinical 
outcomes are quantitative 
and reproducible.

The day of diagnosis is the day of the first 
PE; presenting laboratory data are the 
most abnormal values at diagnosis 

 

±

 

7 days; TTP and HUS are defined by 
quantitative variables of renal function; 
patients are assigned to one of six clinical 
categories; outcomes of response, 
exacerbation, remission, and relapse are 
explicitly defined.

5. Patient follow-up is complete, to 
ensure identification of rare 
events.

Patients and their primary care physicians 
are contacted by phone every 6 months. 
All patients are contacted by letter three 
times each year to invite them to the 
support group meetings.

* PE 

 

=

 

 plasma exchange.

 

Fig. 1.

 

 

 

Number of patients treated with plasma exchange by the OBI for the clinical 

diagnosis of TTP-HUS from 1989 through 2003.
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exchange or doubt the diagnosis of TTP and defer plasma
exchange.

As our methods of data collection became estab-
lished, quantitative, reproducible definitions of the
patients’ presenting features and clinical outcomes were
essential for data analysis (Table 1). For example, to
compare our data to previous reports that described
TTP and HUS as separate syndromes, but had not
provided explicit definitions for this distinction, we
developed definitions for HUS and TTP based on quan-
titative parameters of renal function.

 

1

 

 Patients with
acute renal failure were defined as having HUS; patients
with normal renal function throughout their course
were defined as having TTP; the remaining patients
were categorized as intermediate. With this analysis, we
learned that the common assumptions about these syn-
dromes did not accurately describe our patients (Table
2). Except for the defined differences of renal function,
patients with TTP could not be distinguished from

patients with HUS. Although the platelet (PLT) count
was significantly higher in patients with acute renal fail-
ure (HUS), most patients had severe thrombocytopenia.
Therefore, we began to describe our patients by the
comprehensive term, TTP-HUS, which includes the
spectrum of adult syndromes for which plasma
exchange is currently indicated.

We then created reproducible clinical criteria for
patient categories, based on clinical features present at
the time when patients first present with their initial epi-
sode of TTP-HUS

 

1

 

 (Table 3). These categories describe the
associated conditions and potential etiologies that physi-
cians encounter, and they provide a clinically relevant
basis for our analyses.

 

1

 

 We also developed reproducible
definitions for presenting features and clinical outcomes:
response to plasma exchange, exacerbation (of continuing
active disease after a response), remission (resolution of
an episode of TTP-HUS), and relapse (representing a new
episode of TTP-HUS after a remission).

 

1

 

Fig. 2.

 

 

 

Contributors to the Oklahoma TTP-HUS Registry and their current positions. Front row: Jed Perdue, John Doan, Stephen Confer 

(medical students). Middle row: Kiarash Kojouri (medicine resident, former epidemiology graduate student), Mark Howard (medical 

student), Xiaoning Li (biostatistics graduate student), Deanna Duvall (OBI staff ), Jay McMinn (community practice, former hematol-

ogy-oncology fellow). Back row: Lauren Williams and Dee Terrell (epidemiology graduate students), Sara Vesely (College of Public 

Health faculty), Marcie Byers (Hematology Division secretary), Qurana Lewis (epidemiology graduate student), Jim George (College 

of Medicine faculty).
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The Registry as a resource for patient care

 

To familiarize community physicians with the Registry, I
attended the medical staff meetings at each hospital in
our region to describe TTP-HUS. Then, to more effectively
collect our data, I began to see all of the patients whom
the OBI treated with plasma exchange for TTP or HUS. An
apparent result of these activities was a sevenfold increase
in the number of patients treated with plasma exchange
in our community for TTP-HUS (Fig. 2). Part of this
increase clearly represented improved recognition and
diagnosis of patients with TTP-HUS. However the
increased index of suspicion created in our community
may also have caused an over-diagnosis of TTP-HUS in
patients with complex multisystem disorders of unknown
etiology.

 

2

 

 A similar increased frequency of diagnosis of
TTP-HUS occurred in Canada related to publicity about
the large clinical trial comparing plasma exchange with
plasma infusion.

 

3,4

 

Continuous follow-up of all patients is one of our
most  important  goals  because  the  long-term  outcomes
of patients after recovery from TTP-HUS remain incom-

pletely understood. We have failed to maintain contact
with only one woman over the past 15 years. An important
lesson that we have learned from this effort is that patient
follow-up is a two-way street. Although we are not the
primary source of medical care for our former patients, we
are their advisors and advocates for many questions and
needs. We also maintain regular contact with our patients’
primary care physicians. This contact makes us accessible
for the physicians’ continuing questions and facilitates
our support of community practice.

 

The Registry as a resource for education

 

Our data have provided material for many projects for
graduate and undergraduate students, medical students,
hematology trainees, and OBI staff. Patient education is
also a major part of our program. In 1996, in response to
patient requests, we had our first meeting for former
patients and their families. From these meetings we
learned how difficult it is to have a critical but rare illness.
None of the patients had ever heard of TTP-HUS before
their diagnosis. In many cases, even their primary care
physicians had also not known about TTP-HUS. This unfa-
miliarity creates a sense of isolation for patients and their
families that the group meetings have helped to over-
come. The meetings also serve as a focus group, suggest-
ing areas for further studies. For example, because of
difficulties with concentration and memory described by
many of our patients over many years after recovery, we
incorporated an annual assessment of health-related
quality of life into our regular patient follow-up in 1998.

 

5

 

The success of our meetings continues; we are now in our
8th year of three meetings each year; an average of 16
former patients and 14 additional family members and
friends have attended each meeting.

 

6

 

To address the need for making detailed information
about TTP-HUS accessible for more patients and their

 

TABLE 2. Presenting features and response to plasma exchange of 119 consecutive patients with idiopathic TTP-HUS 
who were then defined as either TTP or HUS

 

Clinical
variable

Common
assumptions Oklahoma TTP-HUS Registry data*

TTP HUS TTP Intermediate HUS p value
Number 37 48 34
Presenting features†

Severe neurologic abnormalities (%) more less 57 48 41 0.41
Hematocrit (Hct) (%) lower higher 21 22 22 0.48
PLT count (/

 

m

 

L) lower higher 11,000 13,000 26,500

 

<

 

0.01
Response to plasma exchange (%) yes no  85 83 79 0.78

* Oklahoma TTP-HUS Registry data are from 119 patients with an initial diagnosis of TTP-HUS, who were initially categorized as idiopathic

 

1,2

 

 
(see Table 3) and then categorized as either TTP (all creatinine values 

 

<

 

1.5 mg/dL), HUS (acute renal failure

 

1

 

), or Intermediate (abnormal 
serum creatinine values but not meeting criteria for acute renal failure). This analysis was restricted to patients with idiopathic TTP-HUS to 
avoid the other five clinical categories that may have distinct presenting features.

† Severe neurologic abnormalities included coma, seizure, stroke, or focal signs; Hct and PLT count are median values at presentation;

 

1

 

 
response to plasma exchange has been defined.

 

1

 

 Comparisons among groups were made by chi-square, Fisher’s exact, or Kruskal–Wallis 
tests.

 

TABLE 3. Clinical categories at initial presentation 
of 301 consecutive patients with TTP-HUS 

(1989-2003) based on associated conditions and 
potential etiologies

 

Clinical category* Number
HPCT 23
Pregnancy/postpartum 25
Drug-associated 36

 

Immune-mediated

 

(

 

19

 

)

 

Dose-dependent toxicity

 

(

 

17

 

)
Bloody diarrhea prodrome 19
Additional or alternative disorder 79
Idiopathic 119

* The method of assignment of patients to these categories has 
been previously described.

 

1,2
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families, we established a website (http://moon.ouhsc.
edu/jgeorge). The website includes basic information
about TTP-HUS as well as narrative summaries of pa-
tients’ experiences. These stories provide vivid descrip-
tions of TTP-HUS from the patients’ perspective that have
been helpful to make the disease and its treatment more
understandable.

 

The Registry as a resource for research

 

Our system of clinical categories (Table 3) has provided a
framework for our research. Each category represents spe-
cific clinical issues that can be addressed by systematic
analysis. Each research project is an educational opportu-
nity for our students and trainees. Each research project
also provides new information that improves the care of
our patients.

 

Hematopoietic progenitor cell transplantation
(HPCT). 

 

Although it is commonly assumed that alloge-
neic HPCT is a specific risk factor for the development of
TTP-HUS, our experience does not support that assump-
tion. Our patients who were diagnosed with TTP-HUS
after allogeneic HPCT had greater risks for transplant-
related complications and a greater occurrence of these
complications than patients who had had allogeneic
HPCT but who were not diagnosed with TTP-HUS.

 

7

 

 All 23
of our patients who were diagnosed with TTP-HUS after
allogeneic HPCT have died; the median time to death was
21 days after diagnosis. Autopsies were performed on six
patients, and infection was the cause of death in each
patient (aspergillus, three patients; candida, two patients;

 

Staphylococcus epidermidis

 

, one patient). This experience
is consistent with our systematic review of all published
reports of patients diagnosed with TTP-HUS after alloge-
neic HPCT.

 

8

 

 Autopsies have been reported in 35 patients
diagnosed with TTP-HUS after allogeneic HPCT; no
patients had systemic thrombotic microangiopathy, the
diagnostic abnormality of TTP-HUS; the most common
cause of death was infection.

 

8

 

 From this experience we
have concluded that TTP-HUS rarely occurs after
allogeneic  HPCT  and  that  signs  and  symptoms  suggest-
ing TTP-HUS are probably caused by opportunistic
infections.

 

Pregnancy/postpartum.

 

Pregnancy may be a risk
factor for development of TTP-HUS.

 

9

 

 In the Registry, as
in all case series of TTP-HUS,

 

9

 

 most patients are women
and many women of child-bearing age presented when
they were pregnant or postpartum (Table 4). Eighteen
(72%) of these 25 women were diagnosed during their
third trimester or postpartum; only one woman pre-
sented during the first trimester. Although it is com-
monly assumed that patients with TTP present early
during pregnancy, whereas patients with HUS present
near term or postpartum, this is not true for our
patients. The two women in this category who had

severe ADAMTS13 deficiency were diagnosed on post-
partum days 1 and 8.

 

1

 

Because of the apparent association of TTP-HUS with
pregnancy, recurrence of TTP-HUS during a subsequent
pregnancy is an important concern. However, evaluation
of women during pregnancy and postpartum is a complex
clinical issue because preeclampsia, eclampsia, and the
HELLP (hemolysis, elevated liver function tests, and low
platelet count) syndrome can mimic all clinical features of
TTP-HUS.

 

10

 

 The frequency of recurrence of TTP-HUS with
a subsequent pregnancy in published reports is more than
twice the frequency among our patients (Table 4).

 

11

 

 This
difference is probably due to the bias of case reports for
describing exceptional patients with poor outcomes, as
well as our documentation of all subsequent pregnancies
among Registry patients, most of which were uncompli-
cated.

 

11

 

 Among our patients, 19 women have had 30 sub-
sequent pregnancies. Five women who had 12 subsequent
pregnancies were each diagnosed with recurrent TTP-
HUS during one subsequent pregnancy. However in three
of these women, another condition (severe preeclampsia,
severe hypertension related to chronic renal failure, and
mid-trimester intrauterine fetal death) was the more likely
explanation for the signs that suggested the diagnosis of
TTP-HUS. Therefore, we assume that only 2 of 19 women
(11%) had recurrent TTP-HUS with a subsequent preg-
nancy; one of these two women also had an uncompli-
cated pregnancy after her recovery from TTP-HUS. Three
women with severe ADAMTS13 deficiency (

 

<

 

5%) have had
four subsequent pregnancies; three were uncomplicated,
and one terminated with intrauterine fetal death at 15
weeks; none was associated with signs of recurrent TTP-
HUS. From this experience, we have concluded that for
women who have recovered from TTP-HUS, a future preg-
nancy may be a safe and appropriate decision.

 

TABLE 4. Association of TTP-HUS with 
pregnancy and the risk for recurrent TTP-HUS 

with subsequent pregnancies

 

Oklahoma TTP-HUS Registry data,* 1989-2003
301 total patients
213 (71%) women
96 (45%) women 

 

<

 

45 years old
25 (26%) women 

 

<

 

45 years old presented during pregnancy or 
postpartum

Nineteen women have had 30 subsequent pregnancies. Five 
women (26%) who had 12 subsequent pregnancies were each 
diagnosed with one episode of recurrent TTP-HUS during a 
pregnancy. In three of these women, an alternative explanation 
for the signs of TTP-HUS was present (severe preeclampsia, 
severe hypertension, and intrauterine fetal death).

Literature review

49 women have had 70 subsequent pregnancies; 36 women 
(73%) who had 55 subsequent pregnancies were diagnosed with 
41 episodes of recurrent TTP-HUS during a pregnancy.

* Data are adapted from reference.

 

11

http://moon.ouhsc
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Drug-associated TTP-HUS.

 

Recognition of drug-
associated TTP-HUS is critical because withdrawal of the
drug is essential to allow for recovery, and future avoid-
ance of the drug is essential to prevent recurrences. We
have distinguished patients with acute, presumably
immune-mediated drug-associated TTP-HUS from pa-
tients with TTP-HUS that appears to be caused by dose-
dependent drug toxicity (Tables 3 and 5). In patients with
dose-dependent toxicity of chemotherapeutic or immu-
nosuppressive drugs, the onset is often insidious and may
only occur weeks after the last dose of drug has been
given. The value of plasma exchange in these patients is
uncertain. However, in one patient with severe TTP-HUS
that followed a toxic dose of deoxycoformycin, plasma-
exchange treatment appeared to be beneficial.

 

12

 

Quinine has been the most common cause of drug-
associated TTP-HUS among our patients (Table 5).

 

13

 

Remarkably, all 17 patients with quinine-associated TTP-
HUS have been women. Quinine-associated TTP-HUS
appears to be caused by quinine-dependent antibodies.
Quinine-dependent PLT antibodies were documented in
five of our patients.

 

13

 

 In contrast to quinine-dependent
PLT antibodies that cause the more common pure throm-
bocytopenia, antibodies in patients manifesting the
systemic signs of TTP-HUS may react with antigens on
multiple tissues in addition to PLTs, including vascular
endothelium. Therefore, these patients can have multi-
organ failure creating the clinical syndrome of TTP-HUS,
as well as other systemic disorders such as liver failure and
disseminated intravascular coagulation.

 

13,14

 

 Except for a
higher frequency of renal failure, the presenting features
and clinical outcomes of our patients with quinine-
associated TTP-HUS are similar to our other patients with
TTP-HUS.

 

13

 

 Although it may seem reasonable to manage
these patients merely by withdrawal of quinine, we have
treated them with plasma exchange because they are
critically ill, mortality is high, and the history of quinine
ingestion is often initially unclear.

 

Bloody diarrhea prodrome. 

 

A prodrome of bloody
diarrhea is the characteristic feature of children with “typ-
ical” HUS. However, bloody diarrhea caused by Shiga
toxin-producing 

 

Escherichia coli

 

 can also precede severe

TTP or HUS in adults. Although our patients with TTP-
HUS after a bloody diarrhea prodrome more frequently
have acute renal failure than our patients with idiopathic
TTP-HUS,

 

15

 

 some patients have normal renal function.
Plasma-exchange treatment is not the standard practice
for children with HUS after a prodrome of bloody diar-
rhea, however, it seems appropriate for our patients
because the mortality is high and the response rates are
the same as for our patients with idiopathic TTP-HUS.

 

15

 

TTP-HUS after a prodrome of bloody diarrhea has most
often been reported with widely publicized outbreaks of
infections by 

 

E. coli

 

 0157:H7. Our experience has docu-
mented a sporadic and continuous occurrence of TTP-
HUS with a prodrome of bloody diarrhea among adults
over 15 years, without any identifiable outbreaks.

 

Additional and alternative disorders. 

 

TTP-HUS may
be diagnosed in patients who have an established diagno-
sis of an autoimmune disorder. In these patients, the dis-
tinction between a severe exacerbation of the preceding
autoimmune disorder and a new diagnosis of TTP-HUS
may be impossible. The recognition that TTP itself may
have an autoimmune etiology

 

16

 

 makes the distinction
even less clear. We have assigned these patients to a cate-
gory different from patients with idiopathic TTP-HUS
because the diagnosis of TTP-HUS in the presence of an
autoimmune disorder is often uncertain.

We have also placed patients with human immuno-
deficiency virus (HIV) infection in this category because
HIV infection is commonly assumed to be specific risk
factor for TTP-HUS. However among our patients, the
occurrence of HIV infection appears to be merely coinci-
dental.

 

17

 

 Of our 301 patients, 289 (96%) have been tested
for HIV infection at the time of their diagnosis with TTP-
HUS, and only four (1.4%) were positive. Two of these four
patients were subsequently diagnosed with other disor-
ders that explained their presenting features; one patient
had extensive Kaposi sarcoma at autopsy and the other
patient had bacteremia and also HIV nephropathy dem-
onstrated by renal biopsy. The frequency of HIV positivity
among our patients is not different from the frequency of
HIV infection in the region served by the OBI.

 

17

 

 Previous
assumptions about the association of TTP-HUS with HIV
infection may be related to reports from regions with a
higher prevalence of HIV infection and to the difficult dis-
tinction of TTP-HUS from opportunistic infections and
other complications of HIV infection.

In some patients, an alternative diagnosis responsible
for the clinical features that had suggested TTP-HUS was
not recognized until after plasma exchange was started.
Systemic infections have been the most common alterna-
tive diagnosis; occult systemic malignancies have also
mimicked TTP-HUS.

 

2

 

 In three patients, an unexpected
alternative diagnosis was only demonstrated at autopsy;
two patients had aspergillosis and one patient, who had
had no clinical or imaging evidence for recurrent breast

 

TABLE 5. Drug-associated TTP-HUS: Oklahoma 
TTP-HUS Registry data (1989-2003)

 

Women Men
Immune-mediated drug toxicity

Quinine 17 0
Ticlopidine 1 1

Dose-dependent drug toxicity
Mitomycin C 6 4
Cyclosporine 1 2
Pentostatin 1 0
Gemcitabine 2 1
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cancer, had arteriolar occlusion by metastatic breast can-
cer in all organs. In three patients, malignant hyperten-
sion was not initially recognized as the etiology for severe
microangiopathic hemolytic anemia, thrombocytopenia,
neurologic abnormalities, and renal failure. This experi-
ence emphasizes the importance of continued vigilance
for alternative diagnoses.

 

Idiopathic TTP-HUS. 

 

Patients who do not meet crite-
ria for any of the first five clinical categories are then des-
ignated as idiopathic. Even this group of patients is very
heterogeneous. Some patients were apparently healthy
before the acute onset of TTP-HUS. Other patients had a
pre-existing disorder that is not yet recognized as a con-
dition associated with TTP-HUS or as a potential etiology,
such as acute pancreatitis and cardiac surgery.

 

Clinical importance of ADAMTS13 activity. 

 

Our data
have provided the first community perspective of
ADAMTS13 deficiency in unselected patients with clini-
cally diagnosed TTP-HUS.

 

1

 

 It has been documented that
a severe deficiency of ADAMTS13 can cause TTP, and
therefore it is often assumed that most patients with TTP
have severe ADAMTS13 deficiency.

 

16

 

 However, in our anal-
ysis of 175 patients, only 21 (12%) have had severe
ADAMTS13 deficiency.

 

1

 

 Our data demonstrated that
ADAMTS13  deficiency  did  not  detect  all  patients  who
had diagnostic criteria for TTP-HUS and who responded
to plasma-exchange treatment.

 

1

 

 Patients with severe
ADAMTS13 deficiency have heterogeneous presenting
features (Table 6) and cannot be distinguished from
patients with idiopathic TTP-HUS who do not have severe
ADAMTS13 deficiency.

 

1

 

 From this experience, we have
concluded that measurement of ADAMTS13 activity can-
not yet be used to guide initial management decisions.

 

TTP-HUS as syndromes with multiple etiologies and
risk factors. 

 

In addition to severe ADAMTS13 deficiency,
there are multiple other etiologies for the syndromes of
TTP-HUS. Shiga toxin and quinine-dependent antibodies
can cause acute and fatal diseases that are indistinguish-
able from TTP-HUS that is associated with severe
ADAMTS13 deficiency. Among our patients, obesity and
African-American race are risk factors for the develop-
ment of TTP-HUS. The frequencies of obesity (body mass
index [BMI] 

 

≥

 

 30 kg/m

 

2

 

) and African-American race
among all patients in the Registry were significantly
greater than the frequency among the Oklahoma popula-
tion; the frequencies were even greater among the
patients with severe ADAMTS13 deficiency (Table 7). TTP-
HUS also appears to be associated with pregnancy.

 

9

 

Others have reported that factor V Leiden is a risk factor
for TTP-HUS.

 

18

 

 Together, these observations suggest that
TTP-HUS describes syndromes that result from multiple
etiologies and risk factors, similar to other thrombotic and
vascular disorders.

 

Complications of treatment.

 

A continuing project
that began in 1996 has been the documentation of com-

plications of plasma-exchange treatment. Although
plasma exchange is often considered to be a safe proce-
dure, our data have emphasized the high frequency of
major complications.

 

19,20

 

 During the 6 years reported in
these publications,

 

19,20

 

 three patients died from compli-
cations of plasma-exchange treatment and two addi-
tional patients had nearly fatal cardiac arrests (Table 8).
These data have been important for our assessments of
the relative risks and benefits of plasma-exchange treat-
ment for patients with suspected TTP-HUS. Appreciation

 

TABLE 6. Presenting clinical features of 21 patients 
with severe ADAMTS13 deficiency

 

Clinical feature Number (%)
Age (years) 19-71 (median, 39)
Female sex 17 (81)
African-American race 10 (48)
Obesity (BMI 

 

≥

 

 30 kg/m

 

2

 

) 11 (52)
Duration of symptoms before

diagnosis
3 hr-3 weeks

Neurologic abnormalities*
Severe 10 (48)
Mild 3 (14)
None 8 (38)

Renal function acute
Renal failure 1 (5)
Mild renal insufficiency 8 (38)
Normal 12 (57)

PLT count (/

 

m

 

L) 4000-27,000 (median, 11,000)
Hct (%) 13-30 (median, 20)
Lactate dehydrogenase† (U/L) 436-3909 (median, 1434)

* The 21 patients who were severe (

 

<

 

5%) ADAMTS13 deficient 
represent 12 percent of 175 patients in whom ADAMTS13 
activity was measured (November 13, 1995-June 30, 2003). 
Eighteen of these patients were included in our previous 
report;

 

1

 

 three additional patients with severe ADAMTS13 
deficiency were seen from January 1 to June 30, 2003.  Severe 
neurologic abnormalities are defined as coma, seizure, stroke, 
or focal signs; mild abnormalities were principally confusion.

† Lactate dehydrogenase values adjusted for a normal value of 

 

<

 

200 U/L.

 

TABLE 7. Frequency of African-American race and 
obesity among patients with TTP-HUS

 

TTP-HUS
patients

(%)

Oklahoma
population

(%) p value* 
African-American

All patients† 18 8

 

<

 

0.0001
ADAMTS13 

 

<

 

5%‡ 48
Obesity§

All patients 31 22

 

<

 

0.0001
ADAMTS13 

 

<

 

5%‡ 52

* Comparisons were made by the chi-square test for specified 
proportions.

† The data for all patients are for all 301 patients enrolled (1989-
2003).

‡ The data for the 21 patients with ADAMTS13 activity 

 

<

 

5 percent 
are from the 175 patients in whom ADAMTS13 activity was 
measured (November 13, 1995-June 30, 2003).

§ Obesity is defined as BMI 

 

≥

 

 30 kg/m
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of the risks of plasma-exchange treatment provides
important rationale for deferring treatment for patients
in whom the diagnosis of TTP-HUS is unlikely and pre-
vents more frequent over-diagnosis of TTP-HUS in criti-
cally ill patients with multi-system disorders of unknown
etiology.

In an additional study, we documented that per-
sistent thrombocytopenia in patients being treated for
TTP-HUS may be caused by unintentional PLT removal by
apheresis and may cause the mistaken impression of con-
tinued disease activity.
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 This surprising observation has
been important to avoid unnecessary additional treat-
ment for patients who appeared to be incompletely
responsive to plasma-exchange treatment but actually
had already achieved an unrecognized remission.

 

CONCLUSION

 

Our success is not related to any unique feature of Okla-
homa. The ability to assemble a productive team for
patient care, education, and research in transfusion med-
icine exists wherever there are patients cared for by a com-
munity blood center, committed staff and physicians, and
enthusiastic students.
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