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Summary
The kidney is commonly affected in thrombotic thrombocytopenic purpura (TTP), a multi-system
disorder with microvascular thrombosis of the capillaries and arterioles. Nevertheless, due to
difference in its diagnostic criteria, the frequency and severity of renal dysfunction in TTP remains
controversial. With the recent studies indicating that severe deficiency of a VWF cleaving protease,
ADAMTS13, is the main cause of platelet thrombosis in TTP, it is now possible to define TTP at the
molecular level. Among patients with acquired TTP due to inhibitory antibodies of ADAMTS13,
renal dysfunction is usually mild; oliguria, fluid overload, hypertension, and need of dialysis support
are infrequent. When any of these complications occur, one must re-examine the diagnosis of TTP
and consider the possibility that the patient has another cause for these complications. In a patient
with hereditary TTP, acute renal failure may ensue. However, the renal dysfunction is mostly
reversible if the patients are promptly treated with plasma to replenish ADAMTS13. Patients with
TTP, particularly of the hereditary type, may develop chronic renal failure. This complication may
be a consequence of repeated insults by overt or subclinical microvascular thrombosis to the kidney,
or it may have a separate cause. Therapy of hereditary TTP should aim not only to prevent acute
exacerbations but also to minimize the risk of irreversible renal injury.
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Thrombotic thrombocytopenic purpura is a life-threatening, multisystem disease characterized
in most cases by thrombocytopenia, microangiopathic hemolytic anemia and neurologic
dysfunction such as mental changes or focal deficits1. These manifestations are believed to
result from widespread thrombosis in the capillaries and arterioles of the brain and other organs.
Thrombosis and consumption of platelets lead to ischemic injury of the affected organs and
thrombocytopenia. Mechanical injury due to high shear stress created by microvascular
thrombosis is believed to cause fragmentation of red blood cells and hemolysis.

It is widely recognized that TTP is commonly associated with renal abnormalities. However,
the type and severity of renal abnormalities has been a subject of controversy. The first case
of TTP described in 1924 by Moschcowitz had proteinuria with hyaline and granular cases in
the urine, but had normal creatinine (1.1 mg/dL) and mildly elevated BUN (31.25 mg/dL)2.
In subsequent years, as other disorders with thrombocytopenia, microangiopathic hemolysis
and acute or chronic renal failure were increasingly recognized, TTP and renal failure became
inextricably intertwined. Different schemes of classification have been developed to address
this relation. In one scheme, patients with prominent neurologic abnormalities but no or mild
renal function impairment are distinct from those presenting with profound renal failure. Thus,
profound renal failure is considered to be uncharacteristic of TTP, and patients with anuria or
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oliguria are excluded from the diagnosis1. Furthermore, the renal criteria are inapplicable for
the diagnosis of TTP if BUN is greater than 40 mg/dL or creatinine is greater than 3.0 mg/dL.
In other schemes, TTP and HUS are distinguished based on the presence or absence of
neurologic abnormalities, or they are not distinguished at all. One scheme includes renal
dysfunction in scoring the severity of TTP3. In others , the patients are not distinguished
according to the severity of renal dysfunction4;5. Because the etiology and pathophysiolgy of
microvascular thrombosis were mostly unknown, it was impossible to decide which of these
classifications was valid.

Advances in recent years have shown that microvascular thrombosis may occur via several
distinct molecular mechanisms6–12. Consequently, it is now possible to propose a scheme of
classifying thrombotic microangiopathy based on the underlying molecular defects and
etiologies (Table 1). In this scheme, TTP is defined as a prothrombotic disorder due to severe
deficiency of ADAMTS13. This deficiency may result from homozygous or compound
heterozygous mutations of the ADAMTS13 gene, or, more commonly, due to inhibitory
autoantibodies of the ADAMTS13 protein.

Idiopathic (atypical) HUS refers to the group of disorders that have evidence of renal failure
without obvious causes or severe ADAMTS13 deficiency. These patients would have been
classified under the diagnosis of TTP or TTP/HUS in some reports. Many of the cases in this
group have heterozygous, homozygous, or compound heterozygous mutations of the proteins
involved in regulating the activation of the complement system, such as complement factor H,
complement factor I, membrane cofactor protein (CD46), and complement factor B. A defect
in one of these proteins, transmitted as an autosomal dominant trait with variable penetrance
and expression, may lead to uncontrolled complement activation, injuring the endothelial cells
of the kidney and other organs. Complement dysregulation may also result from autoantibodies
of complement factor H13. No defects are identified as yet in approximately 50%–70% of the
cases of idiopathic HUS.

Secondary HUS includes the typical, diarrhea (+) HUS occurring after infection of E. coli
O157:H7 or other shiga toxin producing microorganisms; and the HUS in association with
Thomsen-Friedenreich (TF) antigen activation, following infection of Streptococcu
pneumoniae or other neuraminidase-producing microorganisms. The category of secondary
HUS also includes thrombotic microangiopathy in association with autoimmune connective
tissue diseases, various drugs, bone marrow or stem cell transplantations, etc. The underlying
molecular mechanisms remain mostly not understood in secondary group.

A third category of thrombotic microangiopathy, represented by the syndromes of diffuse
microvascular thrombosis of paroxysmal nocturnal hemoglobinuria and tumor cell embolism
that are neither due to severe ADAMTS13 deficiency nor associated with renal abnormalities.
Not infrequently, there are cases of thrombotic microangiopathy whose molecular mechanisms
or etiologies are unknown. In this scheme, there is no “TTP without severe ADAMTS13
deficiency”, because it is impossible to define such an entity.

With increasing use of ADAMTS13 assays in practice, it is now recognized that TTP is
associated with a broader spectrum of severity than previously recognized and mentioned at
the beginning of this article. A patient may be completely asymptomatic or present with isolated
thrombocytopenia, focal neurologic deficit, or a constellation of thrombocytopenia,
microangiopathic hemolysis, neurologic deficits (triad), renal abnormalities, and fever
(pentad). Thus, the classic combination of microangiopathic hemolysis and thrombocytopenia
is not essential for making the diagnosis of TTP.

In this article the author reviews the features of TTP in light of this new classification, with
special emphasis on renal dysfunction in TTP.
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ADAMTS13: structure and function
ADAMTS13 is a circulating metalloprotease of the “a disintegrin and metalloprotease with
thrombospond type 1 motif” enzyme family14 that cleaves von Willebrand factor (VWF) at
its Y1605-M1606 peptidyl bond in the central A2 domain15. As will be further elaborated
later, the cleavage sites of VWF multimers are not accessible to ADAMTS13 unless shear
stress or chaotropic reagents unfold its conformation16;17.

The ADAMTS13 gene contains 29 exons spanning approximately 37 kb on chromosome
9q347;18;19. It encodes a 4.7-kb transcript that is detectable in the liver, and a 2.4-kb transcript
detectable in placenta, skeletal muscle, and certain tumor cell lines. In the liver, ADAMTS13
is expressed primarily in the vitamin A-enriched stellate cells20;21. Other studies suggest that
ADAMTS13 may also be expressed in platelets, endothelial cells and renal podocytes22–25.

The full-length ADAMTS13 transcript encodes a precursor protein of 1427 amino acid
residues. The sequence of ADAMTS13 exhibits a multi-domain structure that is common
among proteases of the ADAMTS family and but also contains two unique CUB domains. The
protein undergoes extensive glycosylation and other post-translation modifications before
secretion. One modification, O-fucosylation of residues in the thrombospondin type 1 is
believed to be essential for efficient secretion of the protease26.

ADAMTS13 is inactivated by disulfide bond-reducing agents, tetracyclines, or cation chelators
such as phenanthroline and EGTA27. Although ADAMTS13 is stable in normal plasma, its
activity may deteriorate rapidly in plasma samples of patients with liver diseases, disseminated
intravascular coagulopathy or other pathological conditions28. This deterioration in vitro may
contribute to inaccuracy of ADAMTS13 assays. In vitro, thrombin and plasmin may inactivate
ADAMTS1329. It is speculated that process may be critical at sites of vessel injury for
protecting VWF from cleavage. Thrombospondin may also protect VWF from cleavage by
ADAMTS1330. Based on observations following infusion of normal plasma in patients with
genetic deficiency of ADAMTS13, the elimination half-life of ADAMTS13 is approximately
2 days31.

Phylogenetically, ADAMTS13 diverts early from other members of the ADAMTS family of
proteases14;32. In particular, ADAMTS13 contains an unusually short (41 amino acid
residues) propeptide whose cleavage does not appear to be necessary for expression of
proteolytic activity33. Enzymatic analysis of recombinant proteins expressed in mammalian
cells in culture reveals that the VWF cleaving activity is markedly decreased34 but not
abolished as previously reported35;36 when ADAMTS13 is truncated upstream of its spacer
domain. The spacer domain is required for binding to a short fragment in the VWF A2 domain
downstream of the cleavage site37 and also for recognition by TTP IgG34;38. One study also
detected frequent interaction of TTP IgG with other domain fragments39; however, this
observation remains controversial. The TSR 2–8 region is required for effective cleavage of
VWF multimers but not of the VWF A2 fragment40.

How does severe ADAMTS13 deficiency lead to microvascular thrombosis?
VWF, the only known substrate of ADAMTS13, is secreted from vascular endothelial cells as
disulfide bonded polymer of an enormous size (>20×106 Daltons) (Figure 1A). Endothelial
VWF or the plasma large multimers derived from endothelial VWF after cleavage by
ADAmts13 support platelet adhesion and aggregation at sites of vessel injury. High levels of
shear stress promote platelet adhesion to VWF and its subsequent aggregation41. This shear
responsiveness is critical for the unique capability of VWF to support platelet aggregation
under high shear in the microvasculature. Studies using atomic force microscopy and
fluorescent microscopy have demonstrated that shear stress causes conformational unfolding
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of VWF42;43. This conformational change provides a structural basis for understanding why
shear stress enhances the adhesive activity of VWF44.

The conformational change induced by shear stress also makes VWF susceptible to cleavage
by ADAMTS1316;45. In the circulation, ADAMTS13 cleaves VWF as soon as it is partially
unfolded by shear stress, before the adhesive protein is fully activated to support platelet
aggregation. This process maintains VWF in globular, inactive forms as its size become
progressively smaller. In the absence of ADAMTS13, large VWF multimers becomes fully
activated by shear stress, leading to VWF-platelet aggregation and microvascular thrombosis
of TTP. The VWF-platelet binding explains why large multimers are decreased in TTP during
periods of severe thrombocytopenia. It also explains why fragments of VWF produced by
ADAMTS13 are present in normal plasma, and yet the activity of ADAMTS13 is undetectable
in the plasma unless the VWF substrate is exposed to shear stress or chaotropic agents.

It is often stated that ultra large VWF multimers are uniquely hyperactive, and are responsible
for inducing platelet aggregation in TTP. Empiric observations in patients with TTP do not
support this view. In fact, ultra large multimers are present in many patients during remission
(Figure 1B, Rem), when there is no evidence of active platelet aggregation and thrombosis,
whereas during acute exacerbations, both the ultra large and large multimers are depleted from
the circulation (Figure 1B, Acute). According to the scheme proposed here, the multimer
pattern in plasma represents a snapshot of a dynamic equilibrium involving secretion of ultra
large VWF from endothelial cells, shear-dependent cleavage of VWF by ADAMTS13, and
consumption of the VWF multimers in microvascular thrombosis. In TTP, with progressively
lower ADAMTS13 levels in the circulation, proteolysis of VWF becomes defective, resulting
in the appearance of ultra large multimers in plasma. When ADAMTS13 becomes more
severely deficient, the large and ultra large VWF are not immediately cleaved when they are
unfolded by high shear stress in the circulation. These unfolded forms of VWF are depleted
from the circulating plasma as they bind platelets and cause thrombosis in the microcirculation.
Thus, depletion of large and ultra large multimers is observed in TTP where there is profound
thrombocytopenia, whereas ultra large multimers are present during remission.

In vitro and ex vivo studies have shown that, under certain experimental conditions, VWF
molecules may remain anchored to endothelial cells after secretion46–48. It is speculated that
this anchoring phenomenon may contribute to or are essential for the development of
microvascular thrombosis in TTP. Nevertheless, immnohistochemical studies shows that
although the endothelial storage pool of VWF is decreased in TTP, the cell surface is not
decorated by VWF fibers. Thus, further studies are needed to clarify whether VWF anchored
to endothelial surface is mostly an extreme phenomenon occurring under highly perturbed
conditions or indeed plays a role in the development of thrombosis in TTP.

Animal models of ADAMTS13 deficiency created by gene targeting techniques have
uncovered additional complexity in the ADAMTS13 deficiency - microvascular thrombosis
scheme48;49. In the original ADAMTS13 null mice, perturbation of endothelial cells with
calcium ionophore A23187 results in more strings of platelets attached to VWF on endothelial
surface48. Separately, infusion of epinephrine and collagen also causes more profound
thrombocytopenia in the ADAMTS13 deficient mice 49. Nevertheless, the mice do not appear
to suffer from the lack of ADAMTS13; their hemogram, fertility, and life span are not different
from those of the wild type mice. When the ADAMTS13 null allele is transferred to mice of
a different genetic background, the affected mice spontaneously develop systemic
microvascular thrombosis similar to that observed in human TTP and die prematurely48. These
observations suggest that in mice the propensity to develop thrombosis in the absence of
ADAMTS13 is strongly affected by as yet unknown genetic traits. These traits may be relevant
to the heterogeneous severity of TTP observed in patients.
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Intriguingly, infusion of shiga toxins to susceptible ADAMTS13-deficient mice precipitates
the manifestations of TTP, resulting in microvascular thrombosis, thrombocytopenia and
death48. How shiga toxins aggravate microvascular thrombosis in the ADAMTS13 deficient
mice and whether this process is relevant to human TTP or HUS remains unclear.

Incidence, etiologies and risk factors
At least 4 published studies have attempted to estimate the incidence of TTP50–53. In the
Oklahoma registry, the only study in which the diagnosis of TTP is confirmed by ADAMTS13
deficiency, the incidence rate is 1.74 cases per million person-years. Female to male ratio is
2–3 to 1. The peak age is between 30 and 50 years. It is likely that the incidence rate will vary
depending on the target population investigated.

An association between TTP and HIV infection remains controversial. Among the 27 cases in
the Oklahoma registry, only one had HIV infection52. In contrast, at the author’s institution,
more than 30% of the non-referral cases had HIV infection. Thus, in regions with low
prevalence rates, the contribution HIV infection to the incidence of TTP may not be apparent.
Patients with HIV infection not infrequently are complicated with Coombs-positive hemolytic
anemia or other autoimmune disorders. It is conceivable that anti-ADAMTS13 antibodies may
also result from the same process of humoral hyperactivity. Alternatively, HIV infected
subjects may have higher risk of being exposed to unknown environmental or infectious factors
that are involved in inducing the development of autoimmunity to ADAMTS13.

Ticlopidine may increase the risk of TTP by 200–500 folds54;55. In contrast, clopidogrel does
not appear to increase the risk of TTP56. Similarly, other drugs commonly implicated in
causing thrombotic microangiopathy, such as quinine, calcineurin inhibitors, and
chemotherapeutic agents have not been associated with severe ADAMTS13 deficiency.
Obesity may be a risk factor of TTP according to one study57. However, this associated has
not been upheld in other studies.

A subset of patients has evidence of other autoimmune disease before or after their acute
episodes of TTP. On the other hand, autoimmune connective tissue disorders and metastasizing
neoplasm may cause thrombotic microangiopathy due to vasculitis, tumor cell embolism, or
other as yet unknown mechanisms. Most of these conditions are not associated with severe
ADAMTS13 deficiency.

The relation between TTP and pregnancy is complex. Overall, there is no definitive evidence
that pregnancy increases the risk of de novo TTP. Among women in their productive age, TTP
may occur coincidentally during pregnancy or the postpartum period. On the other hand,
pregnancy decreases the level of ADAMTS13 by approximately 30%58. The protease activity
decreases to lower levels if pregnancy is complicated with the HELLP syndrome. Thus, in
women with pre-existing ADAMTS13 deficiency, pregnancy may induce exacerbation of TTP
by suppressing the ADAMTS13 deficiency. In the postpartum period, recovery from
immunotolerance of pregnancy may precipitate TTP by aggravating the pre-existing
autoimmune response to ADAMTS13. Separately, the HELLP syndrome or atypical HUS
occurring during pregnancy may be clinically difficult to distinguish from TTP.

Pathology
The hyaline thrombi of TTP are most frequently found in the arterioles and capillaries of heart,
pancreas, spleen, kidney, adrenal glad, and brain. The thrombi are characteristically enriched
in VWF and platelets and contain no or very little fibrin59;60. In sub-acute or chronic lesions,
endothelial cells may proliferate to overlay the endoluminal thrombi, converting these lesions
to subendothelial locations. Other secondary changes such as pre-stenotic aneurysmal
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dilatation and ischemic tissue necrosis may be noted. However, there is no or minimal
infiltration of inflammatory cells at or near the affected vessels. Special staining for VWF and
for CD61 (platelet glycoprotein IIIa)61 may help distinguish the VWF- and platelet-rich
thrombi of TTP from the fibrin-rich thrombi of DIC, shiga toxin associated and other types of
HUS62–66.

In the kidney, microthrombi typically affect one or a few segments of the glomeruli. Although
the extent of glomerular thrombi varies widely among the patients, widespread glomerular or
cortical necrosis and fibrosis are uncommon in TTP67.

Clinical manifestation
Acquired TTP The patients often present with weakness, pallor, petechiae, and headache, with
or without somnolence or focal neurologic deficits. The course may be quickly complicated
by seizures or coma if therapeutic intervention is delayed. Other manifestations of TTP include
abdominal pain, nausea, vomiting, and even sudden death.

Laboratory tests often reveal severe thrombocytopenia (<20×109/L), at initial presentation.
Because of increased awareness, relapsing TTP tends to be detected at an earlier stage with
less profound thrombocytopenia. On the other hand, the platelet count may occasionally
decrease precipitously to very low levels within 1–2 days of relapse, underscoring the
unpredictability of the disease and importance of prompt therapeutic intervention.

Hemolytic anemia with elevated LDH and schistocytes on blood smears are present in most
cases at their first presentation. Hemolytic anemia may occur days or months after the onset
of thrombocytopenia. Before the onset of hemolysis, the patients may be mistaken to have ITP.
Coagulation tests and fibrinogen levels are usually unremarkable. In severe cases, the fibrin
degradation products may be elevated.

EKG often reveals non-specific ST-T changes or conduction distances. Liver function and
electrolytes are not affected in most cases.

The conventional description of TTP presenting with marked thrombocytopenia, hemolytic
anemia, and neurologic changes represents the more advanced stage of the disease. With the
use of ADAMTS13 assays, a patient may be diagnosed at pre- or sub-clinical stages, before
the onset of thrombocytopenia, microangiopathic hemolysis, neurological deficits, and/or
fever.

Conventionally it is believed that TTP will deteriorate precipitously if the patient is not treated.
While this is true for most cases, it is now also recognized that the course of the disease is more
smoldering in a few cases.

In contrary to previous beliefs, neurological abnormalities are not pathognomonic of TTP;
similar complications may affect 10%–30% of patients with typical or atypical HUS68–70.

Hereditary TTP Patients with hereditary TTP often have a history of hyperbilirubinemia
requiring whole blood or exchange transfusion immediately after birth. Thrombocytopenia and
hemolytic anemia may be noted. Strokes may occur at birth or during the neonatal period. After
the neonatal period, the patient may present with thrombocytopenia and microangiopathic
hemolysis weeks to years later. Exacerbations may be precipitated by fever, infections,
diarrhea, trauma, surgery, or pregnancy. The frequency of exacerbation varies, ranging from
days to years. Occasionally an asymptomatic patient may be diagnosed only during familial
investigation of hereditary TTP. Despite an uneventful history, such patients are at risk of
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developing complications of TTP during periods of stresses from fever, infection, surgery,
trauma, or pregnancy.

Laboratory diagnosis of TTP
Laboratory tests are essential for correct diagnosis of TTP. The tests can also provide invaluable
information to assess the status of the disease during the course of treatment and remission.
Ideally, laboratory analysis should include ADAMTS13 activity, inhibitors of ADAMTS13 or
its binding IgG, SDS agarose for analysis of VWF multimers, and SDS PAGE for analysis of
VWF proteolytic fragments. In most clinical settings, only ADAMTS13 activity and antibody
assays are available with a reasonable turnaround time.

Several assays have been developed to determine ADAMTS13 activity in plasma28. In patients
presenting with thrombocytopenia or declining platelet counts, the ADAMTS13 activity level
is invariably very low (<5% or 10% depending on the assays used). On the other hand, a very
low level of ADAMTS13 is not always associated with thrombocytopenia, because the process
of VWF-platelet binding is likely to be affected by multiple factors such as the secretion of
VWF from endothelial cells, the profile of shear stress in the microcirculation, the reactivity
and availability of platelet receptors, and other as yet unknown mechanisms.

A multitude of factors may affect the reliability of ADAMTS13 assays, depending on their
specific designs. The activity of the enzyme may decay in plasma samples of patients with
liver disease, sepsis or disseminated intravascular coagulopathy28. Hemoglobin in plasma may
interfere with certain assays71. Hyperbilirubinemia may affect the assays based on the
measurement of fluorescent resonance energy transfer (FRET)72. Additionally, laboratory
assays may occasionally produce incorrect results resulting from unknown causes73. Thus,
interpretation of the ADAMTS13 results requires precaution and correlation with clinical
findings. When there is any doubt, the assay should be repeated using a different methodology.

Management
Patients presenting with acute TTP require urgent therapy with plasma exchange74;75. Delay
in instituting the therapy may increase the risk of serious complications or death. If plasma
exchange is not immediately available, the patients should be treated with fresh frozen
plasma76 until plasma exchange is instituted.

The treatment often includes anti-platelet agents and corticosteroids, although there is no clear
evidence that usage of these modalities improve the outcome of patients treated with plasma
exchange77. In refractory cases, vincristine, splenectomy, high dose immunoglobulin,
cyclophophamide, and azathioprin have been used.

Plasma exchange is tapered once the platelet count is normalized for 2–3 days. Tapering may
prevent relapses simply by extending the duration of plasma therapy until the ADAMTS13
inhibitor level recedes to lower levels. Tapering does not appear to affect the natural course of
the disease.

The discovery of ADAMTS13 has generated new perspectives in the management of TTP.
One is the use of rituximab, a chimeric monoclonal anti-CD20, to treat TTP78–82. By
decreasing the levels of autoantibodies, rituximab may be an effective treatment for TTP. Its
benefit may be quite impressive in some patients with persistent TTP due to low but persistent
ADAMTS13 inhibitors. However, because of potential reporting bias, the exact response rate
remains uncertain. The efficacy of rituximab will require further investigation in carefully
designed studies before this treatment can be recommended for patients with acute TTP.
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The other new perspective is that TTP may present with isolated thrombocytopenia or focal
neurologic defects83;84. The diagnosis may be mistaken as idiopathic thrombocytopenic
purpura, transient ischemic attacks, or strokes. Although such cases are probably infrequent,
it is important to recognize them as the patients will respond to plasma exchange but not
anticoagulation.

Because patients with hereditary TTP do not have inhibitors of ADAMTS13, they usually
respond predictably to regular infusion of fresh frozen plasma at 10–15 mL/kg body weights.
Typically, the treatment is given every 2–3 weeks. Chronic organ failure may become
problematic if the patients are not adequately treated.

Course and outcome
The patients of acquired TTP often improve immediately after plasma exchange is initiated,
with the platelet counts beginning to increase within a few days. The average number of plasma
exchanges is approximately 15 sessions before remission is achieved75. Approximately half
of the cases experience exacerbation after initial response85. Analysis of ADAMTS13
inhibitors shows that rising antibody levels are responsible for the exacerbation in most cases.

Relapse occurs in 30%–60% of the patients achieving remission. Relapse is quite common
within the few weeks of remission86. However, it may also occur months or years after the
initial episodes. In some cases, TTP may evolve to a persistent state requiring long-term plasma
therapy78;79. Analysis of ADAMTS13 levels during remission shows that the ADAMTS13
activity remains decreased in most patients, suggesting that relapses result from exacerbation
of the persistent autoimmunity in most cases.

The mortality rate of TTP is greater than 90% for untreated patients. For patients promptly
treated with plasma exchange, this rate is decreased to 10%–20%85;87–89.

The current concepts in the pathophysiology and management of TTP are summarized in Table
2.

Renal abnormalities in acquired TTP
Proteinuria and hematuria are common in TTP. In contrast, acute renal failure with marked
azotemia, fluid overload, hypertension, and need of dialysis, is much less frequent, affecting
1 of 18, 3 of 31, 0 of 50, and 0 of 16 cases in 4 series of acquired TTP with severe ADAMTS13
deficiency85;87–89. The complications of severe renal failure are also not observed in our
series of more than 35 non-referral cases of acquired TTP. Thus, in practice, a patient is unlikely
to have TTP if the course is associated with one or more of features of profound renal failure.
However, there are occasional exceptions.

The renal manifestations of hematuria, proteinuria, and mild impairment of the clearance
function in TTP are consistent with the focal and segmental distribution of microthrombi most
commonly observed at pathological examination described earlier. Why does severe renal
failure develop in some cases? To explore this question, the author has reviewed his series of
more than 150 cases of acquired autoimmune TTP, and find two patients, both in the referral
group, that had complications of acute renal failure requiring dialysis (Table 3). One case was
a 31-year-old male presenting with TTP and acute renal failure 4 years after undergoing total
colectomy for ulcerative colitis90. The patient was later found to have anti-glomerular
basement membrane nephropathy when he had recurrence of acute renal failure without
thrombocytopenia or microangiopathic hemolysis. Interestingly, a previous study has noted
that anti-glomerular basement membrane nephropathy is frequently complicated with
histopathological evidence of thrombotic microangiopathy91. A recent report has described a
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case with presumed TTP and the renal limited variant of Goodpasture’s syndrome.
Nevertheless, the diagnosis of TTP was not confirmed with ADAMTS13 analysis in that
case92.

The other case of TTP requiring dialysis in our series was a 57-year-old male that developed
the complication of renal failure immediately after receiving a cadaveric renal allograft for
polycystic kidney disease93. Post-operatively the patient remained anuric, accompanied by
thrombocytopenia and microangiopathic hemolysis. He achieved remission after cyclosporine
was discontinued and daily plasma exchange was instituted. Laboratory analysis revealed that
his ADAMTS13 activity was below the level of detection, and his IgG inhibited the
ADAMTS13 activity in normal plasma. Three months later, the patient had normal renal
function and ADAMTS13 activity level and had no detectable inhibitors of the protease.

In the literature, transient ADAMTS13 inhibitors have also been described in two cases of
thrombotic microangiopathy in association with E coli O157 infection94;95. One of these two
cases required dialysis for severe renal failure with anuria and hyponatremia. Both cases
recovered their renal functions and had normal ADAMTS13 activity levels at follow-up
investigation, suggesting that both had self-limited autoimmune reaction to ADAMTS13.

Overall, current evidence indicates that renal function impairment is mild and transient in most
cases of acquired TTP. Renal failure may become more apparent when the course of TTP is
protracted. Severe renal dysfunction occurs mostly in association with other causes of renal
failure. The occurrence of ADAMTS13 inhibitors in a patient with renal allograft, a patient
with anti-glomerular basement membrane nephropathy and two patients with E. coli O157
infection is intriguing. The implications of these cases remain unclear.

Renal abnormalities in hereditary TTP
Of the more than 75 cases of severe hereditary ADAMTS13 deficiency reported in the
literature7;73;96–116, nine (11%) had episodes of acute renal failure7;96;101;114–116. The
episodes of acute renal failure often but not invariably recurred in the same patients during
exacerbation of TTP. Improvement following plasma infusion or exchange was observed in
all but one case, who died after cholecystectomy due to exacerbation of TTP complicated by
renal failure and gastrointestinal bleeding111. There is insufficient data to determine how
frequent residual renal abnormalities persist after the acute episodes.

Nine of the reported cases of hereditary TTP developed chronic renal failure between age 5 –
44 years (Table 4)7;98;103;107;110;112;114;115. Five of these patients required dialysis.
Three cases had episodes of acute renal function impairment before the onset of chronic renal
failure. One patient received a renal graft at 15 years of age for chronic renal failure112.
However the graft soon failed due to disease recurrence.

The risk of chronic renal failure does not appear to be associated with any particular
ADAMTS13 genotypes. In two siblings, one developed chronic renal failure due to a
concurrent mutation in complement factor H, demonstrating that other genetic traits may
contribute to the risk of renal failure complicating the course of TTP114. In two cases, the renal
function continued to deteriorate while the patients were treated with small amount (80–160
mL) of fresh frozen plasma every 2–4 weeks. One case ended up requiring dialysis. In the other
case, the renal function stabilized after the treatment was increased to 400 mL fresh frozen
plasma every two weeks. Intriguingly, one case continued to have frequent exacerbations of
TTP and developed end stage renal disease despite maintenance plasma therapy. Unexpectedly,
the course of TTP stabilized after the patient underwent splenectomy and was started on
hemodialysis. It is doubtful that the experience in this case is applicable to other cases of
hereditary TTP.
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There are various reasons why patients with hereditary TTP were not treated with maintenance
plasma infusion. In some cases, the diagnosis was not recognized until it was too late. In other
cases, the patients or their parents were unwilling to follow physicians’ recommendations. In
a few cases, maintenance plasma therapy was not deemed medically indicated. Because of
concerns of adverse reactions and life quality, clinicians are understandably reluctant to commit
a child to long-term plasma therapy unless are clear indications of benefit.

Nevertheless, this review reveals that renal failure is not an uncommon complication of
hereditary TTP. Thus, until more definitive data become available, it is prudent to recommend
preventive plasma therapy for a patient in whom the hereditary TTP causes chronic proteinuria,
hematuria, or progressive decline of the renal clearance function. The amount and frequency
of plasma infusion should be sufficient to prevent acute exacerbations, stabilize renal function,
and minimize the severity of hematuria and proteinuria. Investigations for other causes may
also be indicated if the course of renal failure is unexpectedly swift or severe.

Why is hereditary TTP more prone to be complicated with acute and chronic renal failure than
acquired TTP? In a recent investigation, glomerular podocytes are found to express
ADAMTS1325. Conceivably, this locally derived ADAMTS13 may contribute to the cleavage
of VWF in the glomeruli of normal subjects or of patients with acquired TTP. Patients with
hereditary TTP may be more likely to have extensive glomerular thrombosis and renal failure
because they lack this protective effect of local ADAMTS13. The characteristic features of
renal failure in TTP are summarized in Table 5.

Conclusion
Recent advances have delineated the molecular and genetic defects underlying many cases of
thrombotic microangiopathy. The new knowledge has provided a molecular framework for
classifying this hitherto confounding syndrome. Specifically, the discovery of ADAMTS13
has provided a scientific basis for distinguishing TTP from other types of thrombotic
microangiopathy, leading to improvement in the diagnosis and management of the disease.
Further studies are needed to identify genes that may affect the phenotypic severity of TTP
and to improve the accuracy and reliability of laboratory assays of ADAMTS13. Renal failure
is an infrequent but serious complication of TTP that occurs more frequently in patients with
the hereditary type. The long-term management of TTP, particularly of the hereditary type,
should be tailored to prevent acute exacerbations and reduce the risk of chronic renal damage.
Future development of protein, gene or cell-based ADAMTS13 replacement therapy may
reduce the risk of adverse reactions commonly associated with long-term plasma therapy.
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Figure 1.
SDS agarose gel electrophoresis comparing the multimeric compositions of endothelial and
plasma VWF. VWF is visualized by probing with rabbit anti-VWF and 125I-labeled goat anti-
rabbit IgG. A: endothelial secreted VWF consists of a single band that is much larger than the
largest forms in plasma VWF multimers. B: The VWF compositions in the plasma samples
from a patient of TTP during remission (Rem) and the same patient during acute relapse (Acute)
are compared with those in three normal plasma samples (NP). Both plasma samples have ultra
large multimers because their ADAMTS13 activity levels are decreased (15% and <10%
respectively). In acute TTP, the ultra and large multimers are decreased because they are
consumed in the process of VWF-platelet binding.
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Table 1
A pathophysiolgy- and etiology-based classification of thrombotic microangiopathy

Clinical entity Affected molecule Cause Etiology

TTP ADAMTS13 ADAMTS13 inhibitory antibody Ticlopidine, HIV, or idiopathic (most cases)
ADAMTS13 mutations Hereditary (autosomal recessive)

Atypical HUS CFH CFH mutation Hereditary (autosomal dominant, variable penetrance)
CFH antibody Acquired

MCP MCP mutation Hereditary (autosomal dominant, variable penetrance)
IF IF mutation Hereditary (autosomal dominant, variable penetrance)
BF BF mutation (gain of function) Hereditary (autosomal dominant)
Unknown Unknown Unknown (50%–70% of atypical HUS)

Secondary HUS
   Stx-HUS Shiga toxins Bacterial infection Stx+ E. coli or Sh. dysenteriae
   TF-HUS TF antigen Bacterial infection Bacterial neuraminidase (S. pneumoniae and other organisms)
   Others Unknown Unknown Lupus and related disorders, bone marrow/stem cell transplantation, neoplastic diseases, drugs, surgery, pregnancy (HELLP), pancreatitis, etc.
Other TMA*
   PNH CSRF PIG-A Somatic mutation
   Tumor cell embolism Unknown Embolism of tumor cells Metastasizing malignancies
   Others Unknown Unknown Unknown

*
Not association with severe ADAMTS13 deficiency or renal abnormalities

Abbreviations. BF: complement B factor; CFH: complement factor H; CRSF: complement regulating surface proteins (e.g. CD55, CD59); IF: complement
factor I; MCP: membrane cofactor protein; PNH: paroxysmal nocturnal hemoglobinuria; Stx: shiga toxins; TF: Thomsen–Friedenreich antigen; TMA:
thrombotic microangiopathy
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Table 2
Current Concepts in the pathophysiology and management of TTP

• ADAMTS13 is a zinc metalloprotease critical for maintaining the balance between hemostasis and thrombosis in the microcirculation. Excessive cleavage of VWF by ADAMTS13 results in the bleeding diathesis of type 2A von Willebrand disease, whereas decreased cleavage of VWF in association with ADAMTS13 deficiency may cause microvascular thrombosis of TTP.
• Acquired TTP is an autoimmune disorder with IgG inhibitors causing ADAMTS13 deficiency. Some cases have HIV infection or recent use of ticlopidine. Most cases are idiopathic.
• In hereditary TTP, compound heterozygous or homozygous mutations of the ADAMTS13 gene causes severe ADAMTS13 deficiency. Hereditary TTP is uncommon but may cause serious complications if it is not recognized and managed appropriately.
• The manifestations of TTP are more variable than previously recognized. TTP does not always present with thrombocytopenia and microangiopathic hemolysis.
• With ADAMTS13 assays, it is now possible to diagnose TTP in patients with atypical features and distinguish the disease from other types of thrombotic microangiopathy.
• Serial monitoring of the ADAMTS13 status may help assess the status of TTP during the course of its treatment and remission.
• Plasma exchange remains the standard therapy of acquired TTP. However, it does not address the underlying autoimmune nature of the disease.
• Discovery of ADAMTS13 autoantibodies contributes to the use of rituximab in patients with protracted TTP.
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Table 5
Characteristic features of renal failure in TTP

• Hematuria and proteinuria are common in patients with acquired TTP during acute exacerbation.
• Renal function impairment is mild and reversible in most cases of acquired TTP. Chronic renal failure may occur if the course of TTP is protracted.
• Acute renal failure occurs in very few patients with acquired ADAMTS13 deficiency. Concurrent disorders may cause or contribute to the severity of renal failure
• Acute and chronic renal failures are not infrequent in patients with hereditary TTP, affecting approximately 10% of the reported cases.
• A concurrent factor H mutation has been detected in a patient whose hereditary TTP was complicated with acute and chronic renal failures.
• Expression of ADAMTS13 in glomerular endothelial cells and podocytes may contribute to the cleavage of VWF locally in the glomeruli of patients with acquired TTP, minimizing the severity of their renal thrombosis and functional impairment. On the other hand, deficient ADAMTS13 expression in podocytes may account for the higher risk of renal failure in patients with hereditary TTP.
• Urinalysis and renal function should be monitored in patients with TTP during remission. To minimize the risk of chronic injury to the kidney and other vital organs, maintenance plasma therapy should be considered for most patients with hereditary TTP, particularly if the patient has developed acute renal failure during exacerbations, evidence of progressive decline of the glomerular filtration rate, or has chronic hematuria and/or proteinuria.
• The dose and frequency of maintenance plasma therapy should be sufficient to prevent acute exacerbations, stabilize the renal function, and minimize the severity of hematuria and proteinuria.
• Investigation for other causes should be pursued if the course of renal deterioration is unexpectedly swift or unresponsive to plasma therapy.
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