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— — There have been two fatal USS cases, one is the above-
n mentioned USS-(3 and the other is patient USS-14 (male,
born in 1972), whose natural history was previously de-
scribed in detail [51]. Briefly, patient USS-14 was diagnosed
with late-onset USS when he was 50 years old. The next year
he received a cholecystectomy and then experienced a bout
of TTP, which led to renal insufficiency. He received extensive
treatment, including PE and hemodialysis but did not im-
prove, and he died of renal insufficiency at the age of
51 years.

{56]
[56]
{56

[56]

Dead (stroke

at the age

of 79)
Hemodialysis  [56]

by

63y
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25y

{ IR { N ADAMISIE gene analysis

The parents of USS patients are usually asymptomatic carriers,
and a major population of patients from unrelated parents is a
compound heterozygote, while a minor population of patients
from related parents is a homozygote [42,43,51-56].

We performed ADAMTS13 gene analyses in 38 out of 41 USS
patients and disease-causing mutations were identified in 37
patients: nine with homozygous and 28 with compound het-
erozygous ADAMTST3 gene mutations. Furthermore, five of
these 37 patients were siblings. Therefore, within 64
{2 = (37 — 5)] allelic numbers (n) for ADAMTST3 gene muta-
tions, the three most frequently found mutations were in the
following order: p.R193W {n = 8), p.0449X (n = 5), and p.C908Y
{n = 4). All these mutations were unique to Japanese indivi-
duals, perhaps to East-Asians, and were totally different from
= RREL Europeans and white and black Americans. In addition, fo date,
we have not found an apparent association between specific
ADAMTST3 mutations and clinical phenotypes. However,
Camnilleri et al. [57] reported that some single nucleotide
polymorphisms in the ADAMTS13 gene could modulate ADAMT-
$13:AC and its secretion, indicating that further investigations
are required.

Patient USS-GG2 {male, born in 1931) suddenly developed a
bout of TTP when he was 63 years old. After this inddent, he
had repeated TTP bouts and required prophylactic FFP infusions
under a dinical diagnosis of (R-TTP. Even under these crcum-
stances, he developed a cerebellar infarction at 76 years of age.
During the infusion intervals, ADAMTS13:AC was often mea-
sured and determined to be 2.4-3.4% of the normal levels but
ADAMTS13:INH was not detected. Most recently, the patient
was diagnosed with USS with the homozygous missense muta-
tion (1024R based on an ADAMTS13 gene analysis {unpub-
lished).
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Treatment

Except for exchange blood transfusions to treat jaundice in
newborns, USS patients usually respond well to small FFp
infusions. Therefore, the gquestion arises; what is the best
marker for deciding this indication? As suggested above, mild
thrombocytopenia seems to occasionally occur in USS patients
during childhood, but this condition might be overlooked
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C-Hetero: compound heterozygotes; Homo: homozygotes.
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because of the paucity of dlinical signs. Thus, mild thrombo-
cytopenia alone may not be a good marker. However, in
clinical practice, some USS patients receive prophylactic FFP
infusions (5-10mL/kg BW) every 2-3 weeks because the
half-life of ADAMTS13:AC in the plasma is thought to be
2-3 days, while other patients receive FFP infusions only when
acute TTP bouts develop. In our registry, 26 of 41 (63%) USS
patients received prophylactic FFP infusions. Currently, USS
patients receive FFP infusions based on the physidan's ob-
servations and the frequency of TTP bouts. However, the
efficacy of prophylactic FFP infusions needs to be more pre-
cisely evaluated over a long observation period because our
two patients who developed renal insufficiency had been
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receiving FFP infusions since they were clinically diagnosed
with (R-TTP.

One serious adverse effect of repeated plasma infusions is that
nine out of 41 (22%) USS patients were infected with hepatitis
C virus. In this regard, virus-free rADAMTS13 preparations
would be a promising product for USS patients.

Acquired thrombotic thrombocytopenic
purpura/ADAMTS13:A( deficiency

Figure 4 shows age and gender distribution of acquired TTP.
0f 195 patients with acquired TTP and a severe ADAMTS13:AC
deficiency due to ADAMIS13:INH, 17 (6%) were childhood
patients, including 14 with acquired idiopathic TIP {(ai-TTP)
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Age and gender distribution of patients with acquired idiopathic (ai)-thrombotic thrombocytepenic purpura {T7P) and connective
tissue disease {CTD)-assodiated 117

and three with connective tissue disease ((TD)-associated
T1P. Of note, the former group included five patients who
were less than 2 years of age and were initially misdiag-
nosed with other thrombocytopenic disorders, such as ITP,
HUS, and hemophagocytic syndrome (HPS). It is important to
examine and compare the detailed dlinical features of these
TTP patients to adulthood patients in order for physicians to
ascertain that TTP is not a rare childhood disease. Therefore,
we herein describe the clinico-laboratory features of these
five young infants with ai-TTP and three childhood patients
with (TD-associated TTP.

ihiopathic {38y thrombotk thromboytopenic
pUIpULE

Table Il summarizes the features of the 14 childhood patients
with ai-TTP, induding five infantile patients. Case 1 was
previously reported [58] and case 5 was more recently de-
scribed [59]. Interestingly, in contrast to the adulthood ai-TTP

wime Hxalded

patients with a severe ADAMTS13:AC deficiency, the childhood
patients had a slightly male predominance (female:-
male = 5:9). Five patients (5/14, 33%) had apparent prodro-
mal illnesses, such as an upper respiratory tract infection
(n=3), Rotavirus infection (n =1}, or urinary tract infection
{n=1). Ten patients (10/14, 67%} had neurological findings,
including headache (n=5), altered mental status (7 =4),
hemiparesis {n=1), seizures {n =1}, and vision disturbance
{n=1). These patients exclusively presented with renal invol-
vement {(11/14, 73%) and fever (13/14, 93%). All the patients
had hemolytic anemia (Hb, 4.5-11.3 g/dL) and thrombocyto-
pen‘a {platelet, 7-38 » 10‘“’/&) but their serum creatinine

raﬂge. Most m‘ the childhood patients had five dinical signs
that are characteristic of classic TTP (‘pentad’), but six patients,
including five young infants aged below 2 years, were initially
misdiagnosed with other thrombocytopenic disorders, such
as (TP (n=2), HUS {n=2), HPS (n=1), and paroxysmal
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Clinical features in childhood patients with acquired TTP with severe ADAMIS13 defidency

Hewrelogical fenal & Fex #h Platelet
syt ivalvesent () {a/dil {08 /Ly
9m f Rotavifus HUS Altered mental yes 0.3 Yes 4.5 2

status

2 19m F URI i No Yes .19 Yes 113 38

3 9m. M URI HUS Altered mental Yes 1 Yes 5.4 9
status

12m M No HPS Herniparesis Yes 0.31 Yes 8.5 38

8§m M Ny e No No 0.19 Yes 8.7 25

5 7y ) Mo e Altered mental No 0.32 Yes 5.4 7
status

7 10y il um wp Mo Yes 0.4 No 105 15

3 11y M No TP Headache Yes a7 Yes 2.8 3

G i1y F LEt] TP ho es 8.6 Yes 5.5 5

19 13y F No TP Headache No 0.58 Yes 5.7 12

i 14y F No e Altered mental No 0.4 Yes 7.8 &
status, convulsion

12 15y M No PNH Headache Yes 1 Yes 105 17

13 15y M No e Headache Yes .91 Yes 8.1 11

14 14y M No TP Headache, visual Yes 1.05 Yes 7 23
disturbance

5% 8y F SLE DiC Altered mental Yes 0.44 Yes 8.8 38
status, headache

i ity F ML e Headache Yes 0.6 Yes 112 43

7 12y F SLE TP No Mo 0.61 Yes 5.6 1
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#E FFp rossive
{mes)y  inlusions agenBs anstusion
< 0.5 > 100 19 No 5P Yes No Alive Cerebral  {58]
infarction
2z < 0.5 43 3 Yes SP, PSL Yes Yes Dead
3 < 0.5 23 3 Yes PSL Yos No Alive
4 < 0.5 17 2 Np PSL Yes No Alive Cerebral
infarction
IS < 0.5 4.8 3 No 5P, PSL Yes No Alive {59]
& <« 0.5 21 3 No Rituximab No No Alive
7 < 0.5 0.5 Mo No SP, PSL, MIR Yes No Alive
g < 0.5 13 No Yes Sp No No Alive
i < 0.5 56 5 No PSL Yes No Alive
W w05 2 g No SP, PSL No No Alive
is Pusse
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£ nianse

Frognosts

ifusions agenis s tusion
< 0.5 3.2 17 No 5P, PSE, VR No Mo Alive
12 < 0.5 34 39 No PSL, VOR, (SA No Yes Alive
i3 < 0.5 23 3 Mo SP, PSL, ALY No No alive
< 0.5 6.8 30 Yes PSL Mo No Alive
< 0.5 1.2 5 Yes SP, PSL, Y No No Alive
i = 4.5 18 3 No SP, PSL No No Alive
0.5 0.7 9 Yes SP, PSL Mo Mo Alive

e creatining: Hb: herroglobin, ADAMISTERAC ADAMISTS activity: ADAMIS13:NH: ADAMIS 13 inhibitor; PE: plasma exchange; FFR: fresh frozen plasma; URL upper respiratory
infection: UTk utinary tract infection; SLE: systemic Jupus erythematosus; MCTE: mixed connective tissue diseasy; TTP: thombotic thrombocytepenic purpura; TP idispathic
grmbecytupenic purpuga; HUS: hemulytic uremic syndrome: HPS: hemophagoecytic syndrome; BNH: paroxysmal noctural hemeglobinuria; SP: steroid pulse; PSL: predonosolong;
WIR mizonbing, VOR: vinaisting: A cyclospoting Ay AZE azathioprine: €1 cydophospharnide.

nocturnal  hemoglobinuria (PNH, n=1). After analyzing
ADAMTS13, they were all correctly diagnosed with ai-TTP.

0of these 14 childhood patients with ai-TTP, 13 received plasma
exchange (PE, 2-39 times, median 5 times), including four
patients who subsequently received a FFP infusion. They also
received immunosupressive therapy, including steroid pulse
{(n =73, predonisclone (n = 12}, vinaistine {n = 2}, cyclosposin
(n = 1), azathioprine {n = 1), mizoribine (n = 1), and rituximab
{n=1). As an adjunctive therapy, the patients were given
intravenous immune globulin (n = 3} or an antiplatelet agent
{n =2). Of note, seven patients received platelet transfusions
before or after they were diagnosed with acquired TTP. In five
of the seven patients who received platelet transfusions, there
were o apparent serious complications. However, case 1
developed general convulsions soon after the platelet transfu-
sion, and case 2 died from bleeding without appreciable
hemostatic effects from the platelet transfusion. As conse-
quence, 13 out of 14 childhood patients with ai-TTP achieved
one clinical remission, but two patients relapsed, induding one
who died. We think that dinicians should be aware of the
existence of ai-TTP during very early childhood, and herein we
present a short summary for each of these five infants with ai-
TP,

{ase 1

in March 2000, a 9-month-old girl presented with a fever. She
subsequently showed loss of appetite, a drop in physical
activity, a pale complexion, and vomiting followed by diarrhea
related to a Rotavirus infection. On the following day, these
symptoms continued and generalized petechiae appeared. She
was taken to a family doctor who determined that she had

severe anemia and thrombocytopenia. As a resulf, she was
admitted to a nearby hospital for treatment. Upon admission,
she was drowsy and her laboratory findings showed severe
anemia (Hb, 4.5 g/dL), thrombocytopenia (platelet, 2.0 x 10°/
1), hyperbilirubinemia (total bilirubin, 2.6 mg/dL), and an
elevated LDH level (2,9251U/1). Both direct and indirect
Coombs’ tests were negative, and fragmented RB(s were
detected in the blood film. The hemostatic tests showed the
following: prothrombin time (PT, 14.0 sec), activated PTT
(35.9 sec), fibrinogen (268 mg/dL), thrombin-antithrombin
complex (TAT, 31.7 ug/L), D-dimer (7.14 pg/mi}, and fibrin
degradation product (FDP, 82.3 ug/mi). The levels of blood
urea nitrogen (BUN) and creatinine were within the normal
ranges (25 mg/dL and 0.3 mg/dL, respectively). Neither Shiga-
like toxin nor F cofi 0157:H7 was detected in her stool
However, she had proteinuria, hematuria, and marked pete-
chiae on her body due to thrombocytopenia. She was tenta-
tively diagnosed with HUS, and she received five units of
platelet transfusion. Soon after completing the platelet transfu-
sion, she developed generalized convulsions followed by right
hemiplegia, and therefore, PE therapy was immediately insti-
tuted. On the following day, both (T and MRI examinations of
her brain revealed a diffuse hemorrhagic infarction in the left
posterior region. The PE therapy was continued for the next
37 days on a total of 19 occasions, along with steroid pulse
therapy and high-dose intravenous immunogloburin (1VIG)
infusions unti! dinical improvements were noted. The ADAMT-
S13:AC and ADAMTST3:INH titers measured by the YWFM assay
were less than 3% and greater than 100 BY/mL, respectively
(later, both values were re-evaluated by the chromogenic act-
ELISA using deep-frozen plasmas, and the respective data were
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less than 0.5% and greater than 100 BU/mi [58]). Now, almost
10 years have passed, and the patient is apparently healthy
with a minimal sequela of the right hemiplegia.

{ase 2

in july 2000, a 19-month-old girl presented with a fever and
cough. The next day, she was taken to a family doctor and then
transferred to 3 nearby hospital because of thrombocytopenia
(platelet, 21 .« 10°/1). Upon admission, her labaratory data
revealed slight anemia (Hb, 11.3 g/dL), thrombocytopenia
{platelet, 38 x 10°/1), and an elevated LDH level (994 1U/L).
An analysis of a bone marrow aspiration showed no abnor-
malities, and therefore she was suspected to have ITP. She was
administered high-dose IG with steroid therapy but her
platelet count did not increase. Her platelet count slightly
increased soon after the platelet transfusions, while the num-
ber of schistocytes in the blood films gradually increased. This
patient never had renal dysfunction or neurological signs. Thus,
her physidan suspected that the patient had USS but did not
measure ADAMTS13:AC. The patient was given an infusion of
80 mt of FFP, but her platelet count did not increase. During this
period, she was alert and no clinical deterioration was noted.
Three months after admission, plasma samples from this
patient were sent to our laboratory for ADAMTS13:AC and
ADAMTS13:INH testing. Based on the results of the VWFM
assays, the patient was diagnosed with a severe ADAMIS13:AC
deficiency (< 3%} with ADAMTS13:INH (4.0 BU/mL). However,
inthose days we were unable to clearly determine whether this
patient had USS and developed alicantibodies or acquired TTP
with autoantibodies to ADAMTS13. The patient was not given PE
therapy because she did not show any clinical deterioration
dusing the subsequent 3 months. Therefore, she was dis-
charged and then carefully observed at the outpatient clinic.
However, 1 month after discharge, she was re-admitted to the
hospital and received PE therapy because of exacerbated
anemia and thrombocytopenia. However, her dinical signs
did not improve, even after whole blood exchange therapy.
Thus, she was treated with RBC and platelet transfusions, but
2 weeks later she fell into coma and died of tracheal bleeding,
which was 8 months after her first hospital admission (plasma
ADAMTS13:AC and ADMTS13:INH in this patient were measured
only on one occasion. In recent years, both values were
re-evaluated by the chromogenic adt-ELISA using deep-frozen
plasma samples, and the data were less than 0.5% and
4.3 BU/mL, respedtively).

{ase 3

In july 2002, a 19-month-old boy developed a low-grade fever
and cough followed by petechiae. He was taken to a family
doctor because his nasal bleeding did not stop. The doctor
noted thrombocytopenia and anemia and suspected HUS, and
the patient was transferred to a local hospital. He had mild
thrombocytopenia (platelet, 70 » 10°/1) soon after birth,
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which spontaneously improved. Upon admission, he was drowsy
and his laboratory data showed anemia (Hb, 5.4 g/dt), throm-
bocytopenia (platelet, $ « 10°/1), elevated LDH {1991 U /1),
and proteinuria. He was administered FFP infusions, steroid
therapy, and IVIG. A platelet transfusion was performed but
his platelet counts did not significantly increase. Since he was
negative for DIC markers, the patient was dinically diagnosed
with TIP and then administered PE therapy. After three con-
secutive PE therapies, he became alert, recovered, and his
laboratory markers returned to normal levels. The ADAMTS13:AC
and ADAMTS 13:INH titers were measured by classic YWFM assays
using frozen plasma that was obtained before the PE therapy was
administered, and the results were less than 3% and 2.3 BU/mL,
respectively (later, chromogenic act-ELISA gave values of less
than 0.5% and 2.3 8U/ml, respectively). His plasma ADAMT-
S13:AC deficiency with ADAMTS13:INH continued for more than
& months but without appreciable dinical manifestations. After
4years, ADAMTS13:AC (77%) had normalized and ADAMT-
S13:dNH {« 0.5 BU/ml) was absent.

Case 4

In june 2002, a 13-month-old boy developed a fever fol-
lowed by dark urine and diarrhea. He was taken to a nearby
clinic, where he was determined to have leukocytosis (WB(,
12,000/ul), anemia {Hb, 7.2 g/dL), and thrombocytopenia
(platelet, 46 - 10°/1). In addition, a peripheral blood film
showed phagocytosis and therefore the patient was diag-
nosed with suspected HPS. He was transferred to a university
hospital where platelet transfusions were performed twice
for two consecutive days, but his platelet counts only tran-
siently increased. Soon after the second platelet transfusion,
a bone marrow aspiration was performed, but the HPS
diagnosis was not confirmed. On the other hand, there
was a transient increase in his platelet count (platelet,
40 x 10°/1) after he was infused with a small amount of
FFP, and therefore the physician suspected a diagnosis of
Uss. Therefore, the patient received a daily plasma infusion
therapy for the next 5 days. However, hematuria developed
followed by right hemiplegia. An MRI revealed a hemorrha-
gic infarction {3 ~ 4 um) in the left parieto-occipital region.
Based on the dinical course, he was eventually diagnosed
with ai-TTP. After he received PE therapy for two consecutive
days with orally administered prednisolone, his dinical
conditions rapidly improved and his laboratory findings
recovered. After his recovery, the ADAMTS13:AC and ADAMT-
S13:INH levels were tested using the classic VWFM assay and
deep-frozen plasma samples that were obtained before the
PE therapy, and the results were less than 3% and 1.9 BU/
mi, respectively {later, these values were re-examined with
the chromogenic act-ELISA, and the results were less than
0.5% and 1.9BU/mi, respectively). He subsequently
improved and was discharged. Three years {ater, his plasma
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11 (16, 14) 57 (41, 65)

357 55.2
{1) Platelet count (x 10771}, Median (25, 75 percentile) 15 (8, 24) 10 (7,17}
{2} Hemaoglobin {g/dL), Median (25, 75 pecentile} 8.0 (5.6, 8.8} 7.5(6.3, 8.8}
{3} Renal involvement (%) 714 75.7
Serum creatinine (mg/dL), Median (25, 75 percatile) 4.5 0.3, 0.9} 10{0.7, 1.3)
(4) Central nervous system involvements (%) 71.4 79.6
{5) Fever (2 37.0°C) (%) 929 69.6
5.5 (3.0-17.5} ND
18 bous (% 71 15.5

ND: not deter mined.

ADAMTS13:AC had normalized. At present, he has fully
recovered and has no residual right hemiplegia.

fase 5

in January 2005, a 9-month-old boy with generalized petechiae
and a fever was referred to a local hospital, where he was
determined to have thrombocytopenia {platelet, 9 x 10°/L}.
He was admitted to a university hospital and diagnosed with
acquired TTP based on ADAMIS13:AC (< 3%) and ADAMT-
S13:INH titers {2.8 8U/mL) that were determined using the
classic VWFM assays. {Later, these values were re-examined by
the chromogenic act-ELISA, and the results were less than 0.5%
and 4.8 BU/mL, respectively). After he was diagnosed with ai-
179, he was administered PE therapy for six consecutive days at
a different hospital. His clinical symptoms rapidly improved, but
the increase in platelet counts was only transient and his
platelet count was consistently lower than 10 x 10°/L. To
prevent serious bleeding complications, the physician adminis-
tered oral prednisolone, together with continuous low-dose
platelet transfusions. Two months later, he was discharged,
despite having an ADAMTS13:AC defidency with ADAMI-
S13:NH that lasted for at least 8 months. Two years later,
we were able to examine the plasma ADAMTS13:AC and
ADAMTS13:INH in this patient, and determine that ADAMTS13
had fuii\; normalized {59].

Table Wi compares the clinical features and outcomes of the
chiidhood patients {7 = 14} and adulthood patients {n= 181}
with ai-TTP in our registry {13].

tome Th»n'd=

{onmeciive tissue disense-assoniated thinmbotie
thrombooyiopenic pumpus

In 1939, Gitlow and Goldmark [80] first reported a close
relationship between ‘classic’ TTP and systemic lupus erythe-
matosus (SLE). In 1999, Brenner et al. [61] described five
patients with childhood-onset ‘dassic’ TP and reviewed 30
other patients who were previously described in the fiterature.
According to their analysis, nine (9/35, 26%;) fulfilled four or
more ACR criteria for SLE and eight (8/35, 23%) had incipient
SLE. Interestingly, of the five patients who were initially diag-
nosed with ‘dassic’ idiopathic TTP in their laboratory, three
were diagnosed with SLE within 3 years, and the remaining two
patients fulfilled the ACR dassification criteria for SLE within
4 years of disease onset. However, at that time, ADAMTS13:AC
assays were not generally available, and therefore no data on
ADAMTS13 was provided in their report.

In our registry of 919 patients with TMAs, 221 had (7D-asso-
ciated TMA, of which 92 had StE-associated TMA [13]. For the
221 (TD-TMA and/or 92 SLE-TMA patients, the number of
patients with a severe ADAMTS13:AC deficiency with ADAMT-
S13:4NH was 46 and 24, respectively. Furthermore, within the
221 patients with CTD-TMA, 11 developed the disease in child-
hood (less than 15 years of age), including eight patients with
SLE, 1 with RA {rtheumatoid arthritis), and two with MCTD
{mixed connective tissue disease}, in whom three had a severe
ADAMTS13:AC defidency. These three patients included two
SLE- and one M(TB-assodiated TTP patients, and they uniformly
had relatively low titers of ADAMTS13:INH {0.7-1.8 BU/mL} at
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the onset of TTP, which slightly differed from those with ai-TTP
(tai} . Hefe we brieﬁy describe these three chiidhooé

feievance in d:mca! pradzce.

{ase 15

in April 2005, a 7-year-old girl was determined to have pro-
teinuria and occult blood in her urine based on a schoo! health
examination. The patient was admitted to a nearby university
hospital for further examination in June 2005, where she was
diagnosed with SLE {Lupus nephritis) based on her clinical
manifestations and the following laboratory findings: protei-
nuria, positive for anti-nuclear antibodies and anti-double
stranded DNA antibodies, and low complementemia. She
was treated with prednisolone, mizoribine, and azathioprine.
Because her clinical signs significantly improved with these
treatments, she was discharged in September 2005.

in April 2006 (8 years of age), this patient noticed proteinuria
and hematuria based on a self-examination at home. The next
day, she was admitted to the same hospital. Her laboratory
data at the second admission were as follows: Hb (8.8 g/dL),
LDH (1608 1U/L), platelet (2 x 10°/L), PT (11.05ec), PTT
(31.1seq), fibrinogen (355mg/dL), antithrombin {140%),
TAT (9.06 ug/L), D-dimer (5.25 ng/ml), FDP (7.9 ug/mL),
and schistocytes in a peripheral blood smear. She had a DIC
score of 6 according to the DIC diagnostic criteria from the
International Society of Thrombosis and Haemaostasis [15]. As a
result, she was initially treated with nafamostat, but there were
no dinical improvements. ADAMTS13:AC and ADAMTS13:INH
assays were performed for a differential diagnosis of TTP, and
the results were less than 0.5% and 1.2 BU/mL, respectively.
Thus, she was diagnosed with SLE-associated TTP and treated
with PE (five times), steroid pulse therapy, and cyclophospha-
mide. These treatments saved her life, and to date, she has not
had a relapse of TTP.

{ase 16

in july 2006, an 11-year-old girl developed general fatigue,
headache, and vomiting. Two days later, she was admitted to 2
local hospital where laboratory tests indicated the following: Hb
{11.9 g/dL), LDH (1636 1U/1L), total bilirubin {9.3 mg/dL), pla-
telet (33 x 10%/1), PT (12.7 seq), PTT (34.0 sec), fibrinogen
(290 mg/dL), antithrombin (> 75%), D-dimer (< 2 ng/mi),
FOP (< 5ug/ml), BUN (18.0mg/dL), and schistocytes in a
peripheral blood smear. For a differential diagnosis, her plasma
ADAMTST3:AC and ADAMTS13:NH levels were determined to
be less than 0.5% and 1.8 BU/mL, respectively. in addition,
upon admission she simultaneously had Raynaud’s phenom-
enon and was positive for anti-nuclear antibodies and anti-RNP
antibodies. Thus, she was diagnosed with MCTD-associated 719,
and was administered PE with steroid pulse therapy starting on
the third day of hospitalization. During the third PE, she had
anaphylactic shock, perhaps related to the infused plasma.
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Thus, she stopped the PE therapy and continued the steroid
pulse therapy alone. As a result of these treatments, she
recovered and on the hospital day 14 her ADAMTS13:AC
increased to 67% of normal and ADAMTS13:NH became
negative. To date, she has had no episodes of TTP.

{ase 17

In October 2007, a 12-year-old girl suddenly developed jaun-
dice with a fever. She was admitted to a nearby university
hospital, and her routine laboratory data provided the foliow-
ing: Hb (5.6 g/dLy, platelet (1 109/1), PT (14.0seq), PIT
{40.1 sec), fibrinogen (333 mg/dL), FOP {20.5 ug/mi), total
bitirubin (5.5 mg/dL), and schistocytes in a peripheral blood
smear. Upon admission, she had low levels of complement, and
was positive for anti-nuclear antibodies, anti-double stranded
DNA antibodies, and anti-SS-A antibodies. Plasma ADAMT-
S13:AC and ADAMIS13:4NH were simultaneously measured
by the act-ELISA and were less than 0.5% and 0.7 BU/mi,
respectively. Based on these results, she was diagnosed with
StE-associated TTP and PE therapy was initiated. After three
consecutive PE treatments with steroid pulse therapy, her
platelet count increased. However, on hospital day 8, her
platelet count decreased again, and her ADAMTS13:INH titer
increased to 2.2 BU/mL. The PE therapy was re-initiated with
steroid pulse therapy. A total of nine rounds of PE therapy and
two courses of steroid pulse therapy resulted in remission on
hospital day 23. At this time, ADAMTS13:AC and ADAMTS13:INH
were 86% and less than 0.5 BU/mi, respectively. To date, she
has had no TTP relapses.

ombocytopenic

Plasma exchange (PE} is the first line therapy that was demon-
strated to be effective in randormized clinical trials for acquired
TTP [62]. PE removes ADAMTS13:INH, UL-VWFM, and hazardous
cytokines from the circulation in TTP patients, and replenishes
ADAMTS13 without circulatory overload. Corticosteroids are
often used as an adjunctive treatment. In relapsing or refractory
cases, other immunosuppressive drugs such as cyclosporine,
cyclophosphamide, vincristine, and rituximab are empirically
used. PE therapy should be initiated as soon as possible after
TP is diagnosed, but the onset of therapy tends to be delayed
in childhood patients with acquired TTP because of difficult
differential diagnoses, especially with HUS, unless ADAMT-
S13:AC is measured.

In regard to platelet transfusions in TTP patients with a severe
ADAMTS13:AC deficiency, these transfusions have consistently
been viewed as a contraindication because they may enhance
thrombotic complications due to platelet aggregation and
thrombus formation under high shear stress generated in
the microvasculature. Our experience also partially supports
this concept, but such adverse effects happened only on
very few occasions. We believe that prophylactic platelet

wome 55 > 003



Please cite this artide in press as: Hideo Yagietal,, Paradigm shift of childhood ihmmbnm thi 'mbacyiagem{ pzﬁpma wﬁh severe
ADAMTS13 deficiency, Presse Med (2012), doi: 10.1016/.lpm.2011.10.027.

B sl 2

transtusions should be avoided in TIP patients with a severe
ADAMTS13:AC deficiency, but that platelet transfusions must be
done if patients experience overt bleeding.

in our 17 childhood patients with acquired TP, 15 patients
were promptly treated with PE and corticosteroid therapy,
and 16 children (94%) achieved a first remission. Recently,
fcDonald et al. [63] reported that the number of PE courses to
first remission was higher in children {median, 22.5; range, 10—
30) than in adults (median, 15.5; range, 3-93) [64], suggesting
that childhood TP may be more resistant o treatment. By
contrast, our results indicated that patients with acquired TTP
and a severe ADAMTS13:AC deficiency responded well to PE
(median number of PE courses, 5.5; range, 2-39), but two
patients (2/17, 11.8%) relapsed and one (1/17, 5.9%) died.
Furthermore, in this study, we observed that the children witha
high ADAMTS13:INH titer (> 5 BU) tended to require more
frequent PE courses to achieve remission.

Fakhouri et al [65] recently reported that adulthood TIP
patients with high-titer ADAMTS134NH could be successfully
treated with a combination of PE and rituximab, a chimeric
monoclonai antibody to (D20. The efficacy of rituximab in such
patients is apparently due to a reduction in anti-ADAMTS13 igG
antibodies by depleting the patient’s 8-lymphocytes [65,66].
Recently, there have been many successful cases [67-69], and
to date, no significant adverse effects have been reported. In
our registry, only one childhood TTP patient (7 years old) with
acquired TTP with ADAMTS13:INH was successfully treated with
PE followed by rituximab, as shown in table 1. However, the
best choice or combination in regard to immunosuppressants
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for treating children with acquired TTP and a severe ADAMT-
$13:AC defidency needs to be carefully determined in future
studies.

Conclusion

The discovery of ADAMTS13 provided a breakthrough in our
understanding of the mechanism of platelet thrombus forma-
tion under high shear stress and directly linked this enzyme
to TTP pathogenesis in humans. Subsequently, the recent
development of rapid and sensitive ADAMTS13 assays and
their utilization in dinical practice have shown that the early-
and late-onset phenotypes of USS are not different diseases
and are likely affected by both acguired endogenous and
exogenous drcumstances. Furthermore, we have presented a
novel category of ai-TTP that occurs during very early childhood
{less than 2 years of age), which was perhaps totally over-
looked or misdiagnosed before 2002 {39]. Thus, TTP should be
recognized as a life-threathening generalized disease that not
only occurs in adulthood, but also in childhood, causing a
paradigm shift in our dlinical understanding of TP since the
first discovery by Moschcowitz in 1924,
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