
clinical practice

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;18 www.nejm.org may 4, 2006 1927

Thrombotic Thrombocytopenic Purpura
James N. George, M.D.

From the Hematology–Oncology Section, 
Department of Medicine, University of 
Oklahoma Health Sciences Center, Okla-
homa City. Address reprint requests to 
Dr. George at the University of Oklahoma 
Health Sciences Center, Hematology–
Oncology Section, Rm. CHB 358, P.O. Box 
26901, Oklahoma City, OK 73190, or at 
james-george@ouhsc.edu.

N Engl J Med 2006;354:1927-35.
Copyright © 2006 Massachusetts Medical Society.

A 40-year-old obese black woman has had weakness and epigastric pain for several 
weeks and diarrhea and vomiting for four days. She does not appear acutely ill; physi-
cal examination is normal except for abdominal tenderness. Her hematocrit is 25 per-
cent. Her white-cell count and differential count are normal. The platelet count is 
10,000 per cubic millimeter. The peripheral-blood smear shows occasional fragment-
ed and polychromatophilic red cells. The serum creatinine level is 1.1 mg per deciliter 
(97.2 μmol per liter), bilirubin 2.5 mg per deciliter (42.8 μmol per liter), and lactate 
dehydrogenase 722 U per liter (normal, <250). How should this case be managed?

The Cl inic a l Probl em

Prompt recognition of thrombotic thrombocytopenic purpura is important because 
the disease responds well to plasma-exchange treatment1 but is associated with a 
high mortality rate when untreated. In the era before effective treatment with 
plasma exchange, 90 percent of patients with thrombotic thrombocytopenic pur-
pura died from systemic microvascular thrombosis that caused cerebral and myo-
cardial infarctions and renal failure.2 However, recognition of thrombotic thrombo-
cytopenic purpura can be difficult because of the variety of presentations and lack 
of specific diagnostic criteria. The only consistent abnormalities are microangio-
pathic hemolytic anemia, characterized by red-cell fragmentation,3 and thrombo-
cytopenia, features that can also occur in other conditions.

Before the availability of effective therapy, the diagnosis of thrombotic thrombo-
cytopenic purpura was based on the progressive appearance of the following pentad 
of clinical features: microangiopathic hemolytic anemia, thrombocytopenia, neuro-
logic and renal abnormalities, and fever.2 However, recognition of the efficacy of 
plasma-exchange therapy meant that less stringent diagnostic criteria were required 
to allow a more rapid initiation of treatment. In a randomized trial demonstrating 
the efficacy of plasma-exchange therapy,1 only microangiopathic hemolytic anemia 
and thrombocytopenia, without an apparent alternative cause, were required for 
the diagnosis of thrombotic thrombocytopenic purpura; the frequency of neuro-
logic and renal abnormalities and fever was less than in previous reports.2 This 
change in diagnostic criteria has resulted in an increase by a factor of seven in the 
number of patients treated for thrombotic thrombocytopenic purpura.4 Nonetheless, 
the disease remains uncommon, with the annual incidence in the United States 
estimated at 4 to 11 cases per million people.5

Thrombotic thrombocytopenic purpura occurs primarily in adults. Children with 
microangiopathic hemolytic anemia, thrombocytopenia, and acute renal failure were 
originally said to have the hemolytic–uremic syndrome.6 Childhood hemolytic–
uremic syndrome, typically preceded by abdominal pain and diarrhea, was recog-

This Journal feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines, 

when they exist. The article ends with the author’s clinical recommendations. 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JAMES N. GEORGE MD on February 13, 2007 . 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 354;18 www.nejm.org may 4, 20061928

nized in 1983 as a complication of infection 
caused by bacteria that produce Shiga toxins, such 
as Escherichia coli O157:H7.7 Currently, 91 percent of 
children with typical hemolytic–uremic syndrome 
survive with supportive care, without plasma-
exchange treatment.8,9

These observations suggested that thrombotic 
thrombocytopenic purpura and the hemolytic–
uremic syndrome were two discrete syndromes,10 
an interpretation supported by reports describ-
ing severe deficiency (<5 percent activity) of a 
von Willebrand factor–cleaving protease, termed 
“ADAMTS 13” (an acronym for a disintegrin and 
metalloprotease with thrombospondin-1–like do-
mains), in patients with a diagnosis of throm-
botic thrombocytopenic purpura but not in pa-
tients with a diagnosis of the hemolytic–uremic 
syndrome.11,12 ADAMTS 13 cleaves the large von 
Willebrand factor multimers that are synthesized 
and secreted by endothelial cells. When ADAMTS 
13 is not present, the resulting abnormally large 
von Willebrand factor multimers in plasma have 
a greater ability to react with platelets and cause 
the disseminated platelet thrombi characteristic 
of thrombotic thrombocytopenic purpura.10

However, thrombotic thrombocytopenic pur-
pura and the hemolytic–uremic syndrome are not 
distinct syndromes; their essential diagnostic 
criteria — microangiopathic hemolytic anemia 
and thrombocytopenia — are the same. Although 
neurologic abnormalities are commonly consid-
ered characteristic of thrombotic thrombocyto-
penic purpura and renal failure characteristic of 
the hemolytic–uremic syndrome,13 patients with 
these syndromes may have neither abnormality or 
both.14 Yet the name of the syndrome — throm-
botic thrombocytopenic purpura or the hemo-
lytic–uremic syndrome — has assumed clinical 
importance because of suggestions that plasma-
exchange treatment may be appropriate for throm-
botic thrombocytopenic purpura but not for the 
hemolytic–uremic syndrome.13

In this article, the term “thrombotic thrombo-
cytopenic purpura” is used to describe micro-
angiopathic hemolytic anemia and thrombocy-
topenia occurring in adults without an apparent 
alternative cause, with or without neurologic or 
renal abnormalities, and regardless of the cause 
or associated condition. This terminology is con-
sistent with that used in recent reviews.15,16 Since 
these diagnostic criteria were the same as those 
used in the trial documenting the efficacy of 

plasma-exchange therapy, the diagnosis of throm-
botic thrombocytopenic purpura should prompt 
consideration of such treatment.1,17

Children in whom microangiopathic hemo-
lytic anemia, thrombocytopenia, and renal failure 
develop, typically after diarrhea, are described as 
having the hemolytic–uremic syndrome; plasma 
exchange is not standard treatment for these 
children.8,9,16 Thrombotic microangiopathy is a 
term describing the pathological morphology of 
thrombotic thrombocytopenic purpura and the 
hemolytic–uremic syndrome, but this abnormal-
ity can also be present in other conditions such 
as malignant hypertension and autoimmune dis-
orders.18

This article focuses on acquired thrombotic 
thrombocytopenic purpura. Congenital disorders, 
thrombotic thrombocytopenic purpura caused 
by mutations in the ADAMTS 13 gene,19 and the 
hemolytic–uremic syndrome caused by comple-
ment dysregulation due to mutations in the genes 
for factor H and membrane cofactor protein20 
are rare.

S tr ategies a nd E v idence

Evaluation

The most common symptoms at presentation are 
nonspecific and include abdominal pain, nausea, 
vomiting, and weakness. The diversity of the 
clinical features is related to the presence of mi-
crovascular thrombi in many organs (Fig. 1). 
Approximately half of patients with thrombotic 
thrombocytopenic purpura have severe neurologic 
abnormalities at presentation or during the course 
of the disease, such as seizures and fluctuating 
focal deficits.14 However, many patients may have 
no or only minor neurologic abnormalities, such 
as transient confusion.14,21,22 Fever is uncommon. 
A temperature above 102°F (38.9°C) and chills 
suggest infection rather than thrombotic throm-
bocytopenic purpura. Although thrombotic throm-
bocytopenic purpura is often described as acute, 
one fourth of patients have symptoms for several 
weeks before diagnosis.14 The importance of con-
sidering the possibility of thrombotic thrombo-
cytopenic purpura is emphasized by the frequent 
misdiagnosis of the symptoms as gastroenteritis, 
sepsis, or transient cerebral ischemia, for example.

The key diagnostic clues are from the labora-
tory evaluation. The presence of both anemia and 
thrombocytopenia (in the absence of leukopenia) 
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suggests the diagnosis. The following evidence 
of microangiopathic hemolytic anemia provides 
support (but is not specific) for the diagnosis: 
fragmented red cells (schistocytes) and polychro-
matophilic red cells (reticulocytes) on the periph-
eral-blood smear (Fig. 2), increased serum levels 
of lactate dehydrogenase and indirect-reacting 
bilirubin, and a negative direct Coombs’ test. Ex-
amination of the blood smear is critical. Observa-
tion of two or more schistocytes in a microscopic 
field with a magnification of 100 suggests micro-
angiopathic hemolysis,23 although in some cases, 
schistocytes are less frequent. Many patients have 
normal serum creatinine levels; transient high 
levels may occur in one third of patients, and 
acute renal failure occurs infrequently.14

It is critical to rule out other potential causes 
of the presenting signs and symptoms, including 
sepsis, disseminated cancer, and malignant hyper-
tension.3,14,24 Laboratory evidence of disseminat-
ed intravascular coagulation suggests the presence 
of sepsis or disseminated cancer. Rarely, dissemi-
nated intravascular coagulation may be present 
in patients with thrombotic thrombocytopenic 
purpura, presumably the result of tissue ische-
mia (Fig. 1). Evaluation of women during preg-
nancy is especially difficult. Although pregnancy 
is associated with thrombotic thrombocytopenic 
purpura, especially near term or post partum,25,26 
signs characteristic of thrombotic thrombocyto-
penic purpura may also occur in patients with 
severe preeclampsia, eclampsia, and the HELLP 

A B

DC

Figure 1. Tissue Specimens Obtained at Autopsy from a Patient with Abnormalities Characteristic of Thrombotic 
Thrombocytopenic Purpura.

The initial presentation of the patient was similar to that of the woman described in the vignette. A specimen from 
the heart (Panel A) shows multiple intramyocardial microthrombi (arrow), hemorrhage, and early ischemic changes, 
with scattered foci of contraction-band necrosis (arrowhead). A specimen from the kidney (Panel B) shows charac-
teristic microthrombi in an afferent arteriole, the glomerular hilum, and glomerular capillaries (arrows), with vascu-
lar congestion and parenchymal hemorrhage in the surrounding interstitium. A tissue specimen from the adrenal 
gland (Panel C) shows characteristic subcapsular microthrombi (arrows), with congestion of cortical arterioles and 
medullary parenchymal hemorrhage (arrowhead). A specimen from the cecum (Panel D) shows submucosal micro-
thrombi (arrows) and hemorrhagic mucosal ulceration and necrosis. Microthrombi were also present in the pancreas, 
thyroid gland, and other organs. (Photographs and interpretation by Patrick Stangeby.)
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syndrome (hemolysis, elevated liver-enzyme levels, 
and a low platelet count).27

The circumstances of the presentation are im-
portant. Patients in critical care units commonly 
have anemia and thrombocytopenia, and throm-
botic thrombocytopenic purpura is unlikely in 
these patients even if fragmented red cells are 
present. Thrombotic thrombocytopenic purpura 
is rare in children; among adults it occurs pre-
dominantly in women.5 Black race5 and obesity14 
are associated with an increased risk of throm-
botic thrombocytopenic purpura. Assessment is 
also warranted for conditions known to be asso-
ciated with thrombotic thrombocytopenic pur-
pura. These conditions are relevant in classifying 
thrombotic thrombocytopenic purpura and guid-
ing therapy (Table 1),14-16,28 although patients may 
have features of more than one of these clinical 
categories.

The value of measurements of ADAMTS 13 
activity and inhibitors remains uncertain.14,22 
There are discrepancies among assay techniques, 
and in vitro measurements may not always corre-
late with in vivo activity.29 In nine cohort studies, 
the frequency of severe ADAMTS 13 deficiency 
among patients with idiopathic thrombotic throm-
bocytopenic purpura was 33 to 100 percent.29 
Clinical manifestations of severe ADAMTS 13 de-
ficiency, either congenital26 or acquired,21,30 are 
heterogeneous. They range from no or minimal 
symptoms and signs to progressive multiorgan 
failure (Fig. 1),14,22 suggesting that many factors 

contribute to acute episodes.31 Severe ADAMTS 
13 deficiency may also occur in disorders other 
than thrombotic thrombocytopenic purpura,14,32 
whereas patients with normal levels of ADAMTS 
13 activity may have the characteristic features 
and clinical course of thrombotic thrombocyto-
penic purpura.14,33

Even after a diagnosis of thrombotic thrombo-
cytopenic purpura is made, continuing evaluation 
is important. In the Oklahoma Thrombotic Throm-
bocytopenic Purpura–Hemolytic Uremic Syndrome 
(TTP–HUS) Registry, 10 percent of patients with 
an initial diagnosis of idiopathic thrombotic 
thrombocytopenic purpura were subsequently 
found to have sepsis or systemic cancer.24

Management

Plasma-Exchange Treatment
For adults, plasma exchange is the only treatment 
for which there are firm data on its effective-
ness.1 The clinical trial that documented the effi-
cacy of plasma exchange included 102 patients 
randomly assigned at the time of diagnosis to 
receive either daily plasma exchange (exchanging 
1.0 to 1.5 times the predicted plasma volume of 
the patient) or plasma infusion (30 ml per kilo-
gram of body weight for one day, then 15 ml per 
kilogram per day).1 This trial demonstrated sig-
nificantly improved survival at six months among 
patients receiving plasma exchange as compared 
with patients receiving plasma infusion (40 of 51 
[78 percent] vs. 32 of 51 [63 percent], P = 0.04).1 
Twelve of the 51 patients assigned to plasma infu-
sion were subsequently treated with plasma ex-
change because of clinical deterioration. Initial 
response rates were also higher with plasma ex-
change; within seven days after randomization, 
24 patients treated with plasma exchange (47 per-
cent) had a normal platelet count (i.e., >150,000 
per cubic millimeter) and no new neurologic events, 
as compared with 13 patients in the plasma-infu-
sion group (25 percent, P = 0.02). Twenty-four pa-
tients with renal failure who were not eligible for 
the trial (because they would have been unable to 
tolerate plasma infusion) were treated with plasma 
exchange; 20 (83 percent) survived.17 Plasma infu-
sion remains appropriate for patients with throm-
botic thrombocytopenic purpura when there 
may be a delay until plasma exchange is available 
(Fig. 3).

Before effective therapy was available, most 
survivors of thrombotic thrombocytopenic pur-

Figure 2. Peripheral-Blood Smear Showing Abnormalities 
Characteristic of Thrombotic Thrombocytopenic Purpura.

This smear from the patient described in Figure 1 shows 
fragmented red cells (schistocytes), polychromatophilic 
red cells (reticulocytes), and a lack of platelets, consis-
tent with the presence of microangiopathic hemolysis.
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pura were children,2 which may reflect their in-
herent resistance to thrombosis, as suggested by 
observations that venous and arterial thromboses 
are rare in children,34 rather than different etio-
logic factors. For example, among patients whose 
illness follows E. coli O157:H7 infection, the mor-
tality rate among adults (45 percent)35 is five times 
as high as that among children.9

The effectiveness of plasma exchange has been 
attributed to the removal of ADAMTS 13 autoanti-
bodies and replacement of ADAMTS 13 activity.10,22 
However, plasma exchange also seems to be effec-
tive for patients who do not have a severe defi-
ciency of ADAMTS 13 activity.14 In a cohort of 
patients with idiopathic thrombotic thrombocy-
topenic purpura, plasma-exchange treatment re-
sulted in a normal platelet count in 24 of 32 
patients who did not have a severe deficiency of 
ADAMTS 13 activity (75 percent), as compared 
with 14 of 16 patients who had a severe deficiency 
(88 percent).14

Although a case series suggested that cryo-
supernatant plasma, which is deficient in von 
Willebrand factor, may be superior to fresh-frozen 
plasma as a replacement product in plasma ex-
change,36 a small, randomized trial failed to con-
firm this. Among 27 patients treated at the time 
of initial diagnosis with either cryosupernatant 
plasma or fresh-frozen plasma, there was no sig-
nificant difference in the time to response (5.5 and 
6.0 days, respectively) or in survival (79 percent 
and 77 percent).37 Therefore, fresh-frozen plasma 
is an appropriate replacement product.38

On the basis of observational data, daily plas-
ma exchange should be continued until the plate-
let count is normal (Fig. 3).13,39 Lactate dehydro-
genase levels, which reflect tissue ischemia as 
well as hemolysis,40 are also a marker of response 
to treatment.

Risks of plasma exchange should be recog-
nized.41 In a nine-year cohort study of 206 
consecutive patients treated for thrombotic throm-
bocytopenic purpura, 5 (2 percent) died of com-
plications attributed to the plasma-exchange treat-
ment (3 from hemorrhage related to the insertion 
of a central venous catheter and 2 from catheter-
related sepsis).41 Fifty-three other patients (26 
percent) had major complications attributed to 
plasma-exchange treatment, including systemic 
infection, venous thrombosis, and hypotension 
requiring dopamine.41 However, given the poor 
prognosis of untreated thrombotic thrombocyto-

penic purpura, the benefits of therapy outweigh 
the risks.

Immunosuppressive Agents
In patients who have idiopathic thrombotic throm-
bocytopenic purpura, exacerbations when plasma 
exchange is stopped, or a relapse after a remission 
is achieved (conditions suggestive of acquired de-
ficiency of ADAMTS 13 activity10,14,22,29), gluco-
corticoid therapy is often prescribed in addition 
to plasma exchange (e.g., 1 to 2 mg of prednisone 
per kilogram daily until remission is achieved; or 
1 g of methylprednisolone per day for three days13 
administered intravenously) (Fig. 3). The rationale 
is that plasma exchange will have only a temporary 
effect on the presumed autoimmune basis of the 
disease and additional immunosuppressive treat-
ment may cause a more durable response.13 The 
use of glucocorticoids in such patients is based 
on clinical experience and case series,42 although 
other case series have reported similar outcomes 
without the use of glucocorticoids.1 For patients 
who require additional treatment to have a remis-
sion, small case series have suggested a benefit 
with more intensive immunosuppressive therapy 
with rituximab, cyclophosphamide, vincristine, 
or cyclosporine.13,21,28,30,43,44 Clinical trials are 
lacking to guide the use of immunosuppressive 
agents.

Remission and the Risk of Relapse
Relapses are rare in patients with thrombotic 
thrombocytopenic purpura, except in those with 
a severe deficiency of ADAMTS 13 activity; half of 
such patients may have a relapse, most within a 
year.22 Long-term follow-up data suggest a dimin-
ished frequency of relapses over time, though a 
relapse can occur years after the initial episode.22 
Small case series have suggested lower rates of 
relapse after splenectomy45 or the use of ritux-
imab,32 but it is unclear whether these observa-
tions reflect the efficacy of these therapies or the 
natural history of disease. The current recom-
mended approach to patients in remission is only 
to ensure prompt medical attention, including a 
complete blood count, in the event of any systemic 
symptoms that may suggest relapse, such as ab-
dominal pain, nausea, vomiting, or diarrhea.

Because many patients with thrombotic throm-
bocytopenic purpura are young women and be-
cause of the association of thrombotic thrombo-
cytopenic purpura with pregnancy,25 the risk of 
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relapse with a future pregnancy is an important 
concern. Although many case reports and small 
case series have described recurrences of throm-
botic thrombocytopenic purpura in pregnant 
women who had a previous episode of throm-
botic thrombocytopenic purpura,46 a follow-up 
study involving 30 pregnancies among 19 women 
who had recovered from thrombotic thrombocy-

topenic purpura (including women whose ini-
tial episode was idiopathic, pregnancy associ-
ated, or preceded by bloody diarrhea) revealed that 
most subsequent pregnancies were unaffect ed.46 
Thrombotic thrombocytopenic purpura was di-
agnosed during one pregnancy in each of five 
women; all five women and two of the infants 
survived.

The patient has thrombocytopenia and microangiopathic hemolytic anemia with no apparent cause. TTP is diagnosed.

Is the patient a young child
with renal failure and a
prodrome of diarrhea?

Resume daily plasma
exchange and intensify immuno-

suppressive treatment.

Manage with supportive care
and no plasma exchange.

No

Yes

Begin plasma exchange.  Add
glucocorticoids if TTP appears

to be idiopathic. Continue
to search for an alternative

cause, such as cancer or sepsis.
Is an alternative cause discovered?

Stop plasma exchange. Begin
appropriate management.

No

Yes

Continue treatment and follow
the platelet count to measure

response. Does the platelet count
 steadily increase to normal?

Stop plasma exchange when
the platelet count exceeds

150,000/mm3 for 2 consecutive
days, then begin to taper gluco-

corticoids. Does the platelet
 count remain normal after

plasma exchange  is stopped?
No

No

Add glucocorticoids, or if the
patient is already receiving
glucocorticoids, add more

intensive immunosuppressive
agents. Consider increasing the
volume of plasma exchanged.

When the platelet count exceeds
150,000/mm3 for 2 consecutive
days, consider stopping plasma
exchange gradually rather than

abruptly. Does the platelet count
remain normal?

No

Yes

Yes

Maintain the central venous
catheter until the risk

of exacerbation decreases
(1–3 wk) to avoid the risks
associated with placement

of a new catheter. Remission
is achieved when the platelet
count remains normal for 30
days after the discontinuation

of plasma exchange.

Yes

Figure 3. A Plan for the Management of an Initial Episode of Clinically Diagnosed Thrombotic Thrombocytopenic 
Purpura (TTP).

Recurrent thrombocytopenia within 30 days after the discontinuation of plasma-exchange treatment indicates an 
 exacerbation of a continuing episode of TTP. Data defining remission have been previously described.24 A plasma-
exchange procedure typically requires several hours and costs $1,500 to $3,000.
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A r e a s of Uncerta in t y

It may be difficult to distinguish thrombotic throm-
bocytopenic purpura from other conditions with 
similar manifestations. Plasma exchange is rec-
ommended for patients who meet the diagnostic 
criteria for thrombotic thrombocytopenic pur-
pura and have no alternative explanation for the 
findings, but its efficacy for some categories of 
patients (e.g., those who have undergone alloge-
neic hematopoietic stem-cell transplantation47,48) 
is uncertain or unlikely (Table 1). In adults who 
have thrombotic thrombocytopenic purpura after 
a prodrome of bloody diarrhea or acute, immune-
mediated drug toxicity, evidence of any benefit 
of plasma-exchange treatment is limited to case 
series.35,49

Although plasma exchange is usually contin-
ued until the platelet count returns to normal, the 
optimal duration of therapy is unknown. Once a 
patient is in remission, the efficacy of any treat-
ment to prevent relapses is uncertain.

Guidel ines

The American Association of Blood Banks, the 
American Society for Apheresis, and the British 
Committee for Standards in Haematology rec-
ommend daily plasma exchange with replace-
ment of 1.0 to 1.5 times the predicted plasma 
volume of the patient as standard therapy for 
thrombotic thrombocytopenic purpura.13,50 The 
British guidelines recommend that plasma-
 exchange therapy be continued for a minimum 
of two days after the platelet count returns to 
normal (>150,000 per cubic millimeter), and they 
also recommend the use of glucocorticoids for 

all patients with thrombotic thrombocytopenic 
purpura.13

Conclusions 

a nd R ecommendations

Because thrombotic thrombocytopenic purpura is 
uncommon, a high index of suspicion is required 
for rapid diagnosis and prompt initiation of plas-
ma-exchange treatment. The unexplained occur-
rence of thrombocytopenia and anemia should 
prompt immediate consideration of the diagno-
sis and evaluation of a peripheral-blood smear for 
evidence of microangiopathic hemolytic anemia.

Other conditions (e.g., malignant hypertension, 
severe preeclampsia, sepsis, and disseminated 
cancer) that are likely to cause the same clinical 
findings as thrombotic thrombocytopenic purpu-
ra should be ruled out. In a patient with these 
findings, such as the woman described in the vi-
gnette, plasma-exchange treatment is warranted.

I would also prescribe glucocorticoids for pa-
tients who have idiopathic thrombotic thrombo-
cytopenic purpura, whose condition worsens when 
plasma exchange is stopped, or who have a re-
lapse after remission, although the use of this 
therapy is not supported by data from random-
ized trials. Measurement of ADAMTS 13 activity 
is not necessary for decisions about diagnosis and 
initial management, although a severe deficiency 
indicates an increased risk of relapse.

No potential conflict of interest relevant to this article was 
reported.

I am indebted to Sara K. Vesely and Deirdra R. Terrell for de-
velopment and maintenance of the Oklahoma TTP–HUS Regis-
try, to Bernard Lämmle and Johanna Kremer Hovinga for their 
continuing collaboration and performance of ADAMTS 13 analy-
ses, and to Patrick Stangeby for the photographs and their inter-
pretation.

References

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.

Amorosi EL, Ultmann JE. Thrombotic 
thrombocytopenic purpura: report of 16 
cases and review of the literature. Medi-
cine (Baltimore) 1966;45:139-59.

Brain MC, Dacie JV, Hourihane DO. 
Microangiopathic haemolytic anaemia: the 
possible role of vascular lesions in patho-
genesis. Br J Haematol 1962;8:358-74.

Clark WF, Garg AX, Blake PG, Rock 
GA, Heidenheim AP, Sackett DL. Effect of 
awareness of a randomized controlled trial 
on use of experimental therapy. JAMA 2003;
290:1351-5.

1.

2.

3.

4.

Terrell DR, Williams LA, Vesely SK, 
Lammle B, Hovinga JA, George JN. The 
incidence of thrombotic thrombocytope-
nic purpura-hemolytic uremic syndrome: 
all patients, idiopathic patients, and pa-
tients with severe ADAMTS-13 deficiency. 
J Thromb Haemost 2005;3:1432-6.

Gasser C, Gautier E, Steck A, Sieben-
mann RE, Oechslin R. Hämolytisch-urä-
mische Syndrome: Bilaterale Nierenrin-
dennekrosen bei akuten erworbenen 
hämolytischen Anämien. Schweiz Med 
Wochenschr 1955;85:905-9.

Karmali MA, Steele BT, Petric M, Lim C. 
Sporadic cases of haemolytic-uraemic syn-
drome associated with faecal cytotoxin 
and cytotoxin-producing Escherichia coli 
in stools. Lancet 1983;1:619-20.

5.

6.

7.

Tarr PI, Gordon CA, Chandler WL. 
Shiga-toxin-producing Escherichia coli and 
haemolytic uraemic syndrome. Lancet 
2005;365:1073-86.

Garg AX, Suri RS, Barrowman N, et al. 
Long-term renal prognosis of diarrhea-
associated hemolytic uremic syndrome: 
a systematic review, meta-analysis, and 
meta-regression. JAMA 2003;290:1360-70.

Moake JL. Thrombotic microangiopa-
thies. N Engl J Med 2002;347:589-600.

Furlan M, Robles R, Galbusera M, et 
al. Von Willebrand factor–cleaving prote-
ase in thrombotic thrombocytopenic pur-
pura and the hemolytic–uremic syndrome. 
N Engl J Med 1998;339:1578-84.

Tsai H-M, Lian ECY. Antibodies to von 
Willebrand factor–cleaving protease in 

8.

9.

10.

11.

12.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JAMES N. GEORGE MD on February 13, 2007 . 



clinical pr actice

n engl j med 354;18 www.nejm.org may 4, 2006 1935

acute thrombotic thrombocytopenic pur-
pura. N Engl J Med 1998;339:1585-94.

Allford SL, Hunt BJ, Rose P, Machin S. 
Guidelines on the diagnosis and manage-
ment of the thrombotic microangiopathic 
haemolytic anaemias. Br J Haematol 2003;
120:556-73.

Vesely SK, George JN, Lammle B, et al. 
ADAMTS13 activity in thrombotic throm-
bocytopenic purpura-hemolytic uremic syn-
drome: relation to presenting features and 
clinical outcomes in a prospective cohort 
of 142 patients. Blood 2003;102:60-8.

Veyradier A, Meyer D. Thrombotic 
thrombocytopenic purpura and its diag-
nosis. J Thromb Haemost 2005;3:2420-7.

Zheng XL, Sadler JE. Thrombotic 
thrombocytopenic purpura and hemolytic-
uremic syndrome. In: Young NS, Gerson 
SL, High KA, eds. Clinical hematology. 
Philadelphia: Mosby-Elsevier, 2006:802-13.

Rock G, Shumak K, Kelton J, et al. 
Thrombotic thrombocytopenic purpura: 
outcome in 24 patients with renal impair-
ment treated with plasma exchange. Trans-
fusion 1992;32:710-4.

Laszik Z, Silva F. Hemolytic-uremic 
syndrome, thrombotic thrombocytopenia 
purpura, and systemic sclerosis (systemic 
scleroderma). In: Jennett JC, Olson JL, 
Schwartz MM, Silva FG, eds. Heptinstall’s 
pathology of the kidney. Philadelphia: 
Lippincott-Raven, 1998:1003-57.

Levy GG, Nichols WC, Lian EC, et al. 
Mutations in a member of the ADAMTS 
gene family cause thrombotic thrombocy-
topenic purpura. Nature 2001;413:488-94.

Bonnardeaux A, Pichette V. Comple-
ment dysregulation in haemolytic uraemic 
syndrome. Lancet 2003;362:1514-5.

Bohm M, Betz C, Miesbach W, et al. 
The course of ADAMTS13 activity and in-
hibitor titre in the treatment of throm-
botic thrombocytopenic purpura with 
plasma exchange and vincristine. Br J 
Haematol 2005;129:644-52.

Sadler JE, Moake JL, Miyata T, George 
JN. Recent advances in thrombotic 
thrombocytopenic purpura. In: Broudy 
VC, Berliner N, Larson RA, Leung LLK, 
eds.  Hematology 2004. Washington, D.C.: 
American Society of Hematology, 2004:
407-23.

Burns ER, Lou Y, Pathak A. Morpho-
logic diagnosis of thrombotic thrombo-
cytopenic purpura. Am J Hematol 2004;
75:18-21.

George JN, Vesely SK, Terrell DR. The 
Oklahoma Thrombotic Thrombocytope-
nic Purpura-Hemolytic Uremic Syndrome 
(TTP-HUS) Registry: a community per-
spective of patients with clinically diag-
nosed TTP-HUS. Semin Hematol 2004;41:
60-7.

George JN. The association of preg-
nancy with thrombotic thrombocytopenic 
purpura-hemolytic uremic syndrome. Curr 
Opin Hematol 2003;10:339-44.

Furlan M, Lammle B. Aetiology and 
pathogenesis of thrombotic thrombocy-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

topenic purpura and haemolytic uraemic 
syndrome: the role of von Willebrand fac-
tor-cleaving protease. Best Pract Res Clin 
Haematol 2001;14:437-54.

McMinn JR, George JN. Evaluation of 
women with clinically suspected throm-
botic thrombocytopenic purpura-hemo-
lytic uremic syndrome during pregnancy. 
J Clin Apher 2001;16:202-9.

Zheng XL, Kaufman RM, Goodnough 
LT, Sadler JE. Effect of plasma exchange 
on plasma ADAMTS13 metalloprotease ac-
tivity, inhibitor level, and clinical outcome 
in patients with idiopathic and nonidio-
pathic thrombotic thrombocytopenic pur-
pura. Blood 2004;103:4043-9.

Lammle B, Kremer Hovinga JA, Albe-
rio L. Thrombotic thrombocytopenic pur-
pura. J Thromb Haemost 2005;3:1663-75.

Fakhouri F, Vernant JP, Veyradier A, et 
al. Efficiency of curative and prophylactic 
treatment with rituximab in ADAMTS13-
deficient thrombotic thrombocytopenic 
purpura: a study of 11 cases. Blood 2005;
106:1932-7.

Motto DG, Chauhan AK, Zhu G, et al. 
Shigatoxin triggers thrombotic thrombo-
cytopenic purpura in genetically suscep-
tible ADAMTS13-deficient mice. J Clin 
Invest 2005;115:2752-61.

Ono T, Mimuro J, Madoiwa S, et al. 
Severe secondary deficiency of von Wille-
brand factor-cleaving protease (ADAMTS13) 
in patients with sepsis-induced dissemi-
nated intravascular coagulation: its corre-
lation with development of renal failure. 
Blood 2006;107:528-34.

Peyvandi F, Ferrari S, Lavoretano S, 
Canciani MT, Mannucci PM. von Wille-
brand factor cleaving protease (ADAMTS-
13) and ADAMTS-13 neutralizing auto-
antibodies in 100 patients with thrombotic 
thrombocytopenic purpura. Br J Haema-
tol 2004;127:433-9.

Richardson MW, Allen GA, Monahan 
PE. Thrombosis in children: current per-
spective and distinct challenges. Thromb 
Haemost 2002;88:900-11.

Dundas S, Murphy J, Soutar RL, Jones 
GA, Hutchinson SJ, Todd WT. Effective-
ness of therapeutic plasma exchange in the 
1996 Lanarkshire Escherichia coli O157:
H7 outbreak. Lancet 1999;354:1327-30.

Rock G, Shumak KH, Sutton DMC, 
Buskard NA, Nair RC. Cryosupernatant as 
replacement fluid for plasma exchange in 
thrombotic thrombocytopenic purpura. 
Br J Haematol 1996;94:383-6.

Zeigler ZR, Shadduck RK, Gryn JF, et 
al. Cryoprecipitate poor plasma does not 
improve early response in primary adult 
thrombotic thrombocytopenic purpura 
(TTP). J Clin Apher 2001;16:19-22.

Raife TJ, Friedman KD, Dwyre DM. 
The pathogenicity of von Willebrand fac-
tor in thrombotic thrombocytopenic pur-
pura: reconsideration of treatment with 
cryopoor plasma. Transfusion 2006;46:74-
9.

George JN. How I treat patients with 

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

thrombotic thrombocytopenic purpura-
hemolytic uremic syndrome. Blood 2000;
96:1223-9.

Cohen JA, Brecher ME, Bandarenko N. 
Cellular source of serum lactate dehydro-
genase elevation in patients with throm-
botic thrombocytopenic purpura. J Clin 
Apher 1998;13:16-9.

Howard MA, Williams LA, Terrell DR, 
Duvall D, Vesely SK, George JN. Compli-
cations of plasma exchange in patients 
treated for clinically suspected throm-
botic thrombocytopenic purpura-hemolyt-
ic uremic syndrome. Transfusion 2006;46:
154-6.

Bell WR, Braine HG, Ness PM, Kickler 
TS. Improved survival in thrombotic throm-
bocytopenic purpura–hemolytic uremic syn-
drome. N Engl J Med 1991;325:398-403.

George JN, Woodson RD, Kiss JE, Ko-
jouri K, Vesely SK. Rituximab therapy for 
thrombotic thrombocytopenic purpura: 
a proposed study of the Transfusion Med-
icine/Hemostasis Clinical Trials Network 
with a systematic review of rituximab ther-
apy for immune-mediated disorders. J Clin 
Apher 2006;21:49-56.

Ziman A, Mitri M, Klapper E, Pep-
kowitz SH, Goldfinger D. Combination 
vincristine and plasma exchange as initial 
therapy in patients with thrombotic throm-
bocytopenic purpura: one institution’s ex-
perience and review of the literature. Trans-
fusion 2005;45:41-9.

Crowther MA, Heddle N, Hayward 
CPM, Warkentin T, Kelton JG. Splenectomy 
done during hematologic remission to pre-
vent relapse in patients with thrombotic 
thrombocytopenic purpura. Ann Intern 
Med 1996;125:294-6.

Vesely SK, Li X, McMinn JR, Terrell 
DR, George JN. Pregnancy outcomes after 
recovery from thrombotic thrombocyto-
penic purpura-hemolytic uremic syndrome. 
Transfusion 2004;44:1149-58.

George JN, Li X, McMinn JR, Terrell 
DR, Vesely SK, Selby GB. Thrombotic 
thrombocytopenic purpura-hemolytic ure-
mic syndrome following allogeneic HPC 
transplantation: a diagnostic dilemma. 
Transfusion 2004;44:294-304.

Ho VT, Cutler C, Carter S, et al. Blood 
and Marrow Transplant Clinical Trials 
Network toxicity committee consensus 
summary: thrombotic microangiopathy 
after hematopoietic stem cell transplanta-
tion. Biol Blood Marrow Transplant 2005;
11:571-5.

Kojouri K, Vesely SK, George JN. Qui-
nine-associated thrombotic thrombocyto-
penic purpura-hemolytic uremic syndrome: 
frequency, clinical features, and long-term 
outcomes. Ann Intern Med 2001;135:1047-
51.

Smith JW, Weinstein R. Therapeutic 
apheresis: a summary of current indica-
tion categories endorsed by the AABB and 
American Society for Apheresis. Transfu-
sion 2003;43:820-2.
Copyright © 2006 Massachusetts Medical Society.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JAMES N. GEORGE MD on February 13, 2007 . 


