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FVUI, thus inactivating the enzymes [2]. Therefore,
PC-deficient persons have a decreased capacity to con-
trol the propagation of thrombin generation by FVa
and FVIIIa after the activation of coagulation cascade,
according to the circulating functional PC irrespective
of the defective production or increased consumption.

Congenital PC deficiency is an autosomal recessive
thrombophilia [3]. FVLeiden (G1691A) and FII muta-
tion {G20210A) are the major predisposition to
thrombosis in Caucasians, but not in Asian ancestries.
Severe PC deficiency is exceptionally rare in all racial
backgrounds, despite the frequency of mutation carri-
ers [4-6]. Recent reviews described only eight and 12
survivors with long-term therapy in the United King-
dom [7} and North America [3] respectively. Purpura
fulminans (PF) is the major presentation of biallelic
PROC mutants {7], while it occurs in children with
acquired PC deficiency. Infections PF arises from PC-
deficient hypercoagulability incited by the production
of lipopolysaccharide or auto-antibodies to PC [8].
However, it remains unclear why PF is an exclusive
phenotype in patients with severe PC deficiency. Sev-
eral reports have uncovered the genetic background of
thrombophilic adults [9,10]. Two major studies in
Japan demonstrated that 65% of adult patients with
deep vein thrombosis (DVT) showed low activity of
PS, PC and/or antithrombin (AT), and half of them
carried heterozygous mutation of the genes [11,12].
Considering the frequency of each mutant, heterozy-
gous PROC mutations may greatly contribute to the
development of venous thromboembolisms (VTE) and
strokes in Japanese adults. However, there is limited
information about PC-deficient children in Japan [13-
16).

aPC exerts anticoagulant and cytoprotective effects
[17]. The latter actions of anti-inflammation, antia-
poptosis and endothelium stabilization are facilitated
via the specific receptor expressed on immunocompe-
tent cells [18-20]. aPC may thus be the sole anticoag-
ulant agent that reduced the mortality of sepsis
patients [21]. Plasma-derived aPC concentrate (An-
act®C, Teijin, Tokyo & Kaketsuken, Kumamoto,
Japan) is 2 PC agent licensed in Japan, and has been
used in limited cases with congenital PC deficiency.

In this study, we analysed the clinical features of
PC-deficient children based on our experiences with
the genetic study, postmarketing study and intensive
review of patients in Japan. The diagnosis and use of
PC agent at the onset of PC deficiency were discussed.

Materials and methods

Patients and data collection

Clinical data were collected from our genetic study,
postmarketing study and literature review. Seven chil-
dren were diagnosed to have symptomatic PC
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deficiency as assessed by their plasma PC activity and
the genetic study at Kyushu University from 2008 to
2010. This study was certified by the Institutional
Review Board of Kyushu University (#232-02). An-
act®C is only licensed for the treatment of VIE due
to congenital PC deficiency in Japan. Twenty-nine
children treated with human plasma-derived aPC con-
centrate (Anact®C, Teijin, Tokyo & Kaketsuken, Ku-
mamoto, Japan) were collected in the registry between
December 2000 and March 2011. The indication for
aPC treatment was limited to patients who fulfilled at
least one of the five diagnostic criteria for congenital
PC deficiency; 1) <60% PC activity and a ratio of
<0.7 for the PC activity to FVII activity, 2) <60% PC
activity and a history of thrombosis, 3) <60% PC
activity and congenital PC-deficient family members,
4) 60~80% PC activity, <0.7 PC to FVII activity or
antigen ratio, and a history of thrombosis or congeni-
tal PC-deficient family members, or 5) a genetic diag-
nosis of PC deficiency. We obtained permission to
access anonymous data from the postmarketing survey
from each attending doctor via the pharmaceutical
company. The data covered 66% of all aPC-treated
cases, Of the 75 patients who had 99 aPC-treated epi-
sodes, 34 patients who did not fulfil the above criteria
for congenital PC deficiency were excluded. The data
collected included gender, age at each treatment, fam-
ily history of PC deficiency, previous history of VTE
and associated conditions, PC antigen levels and ‘activ-
ity, FVII activity, genetic study results, outcomes and
complications and the utility, efficacy and adverse
events of aPC concentrate treatment. We further
reviewed all publications and sentinel sources, includ-
ing conference presentations in Japan, using Japana
Centra Revuo Medicina, PubMed, and Google Scholar
for citations published from 1981 to March 2011.
The search terms were congenital, inherited, heredi-
tary or heritable PC or PS deficiency, PF and thrombo-
philia. Finally, we determined that there were 27
PC-deficient patients <20 years of age who could be
analysed; seven from our genetic study, and 20 from
the aPC agent study and literature review.

Coagnlation study

Coagulation tests were performed as described previ-
ously [22]. The anticoagulant activities of PC and PS
were determined using the Staclot Protein C kit and
the Staclot Protein § kit (Diagnostica Stago, Asnieres,
France) respectively. A chromogenic substrate was
used to assay for AT activity as the heparin-dependent
inhibition of bovine thrombin (Chromostrate ATIII
kit, Hitachi, Tokyo, Japan). Pooled normal plasma
was used as the adult standard. A level within 28D
was regarded to be the reference interval, and a level
below 3SD was defined as reduced activity. The PC
activity/antigen levels for term and preterm infants

© 2013 Blackwell Publishing Ltd
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were assessed by previous reports [23,24]. The severity
of PC deficiency was defined based on the PC activity
[3; <0.01 UmL™ (<1%) as ‘severe’, 0.01-0.2 (1-
20%) UmL™ as ‘moderately severe’, and >0.2
{(>20%) U mL™" as ‘mild’.

Gene analysis of PC, PS and AT

Genomic PNA was extracted from peripheral blood
leucocytes after informed consent was obtained. Direct
sequencing of the polymerase chain reaction (PCR)
products was performed for the coding regions of PC
gene (PROC exons 1-9) as described previously [11].
When patients had low PS or AT activity, PS (PROS?
exons 1-15) and AT (SERPINCI exons 1-6) genes
were also analysed. The exon and exon—intron bound-
ary regions of each gene, including the promoter
region, were amplified by PCR, and the products were
then subjected to direct sequencing using an ABI 377
(Perkin Elmer Applied Biosystems, CA, USA).

Statistical analysis

The median of the continuous variables was assessed
by the Mann-Whitney U-test. The difference in the
distribution of countable variables was analysed by
chi-square test or Fisher’s exact test. P-values <0.035
were considered to be significant.

Results

aPC concentrate-treated children in the
postmarketing study

. The demographics of 29 patients <20 years of age
treated with Anact®C are shown in Table 1. The
male/female ratic was 11/18. The median age at pre-
sentation was 3 months (range: 3 days-16 years). The

median PC activity was 21% (range: 0~57%). There
were no adult patients who developed PF included in
the registry data. Five of nine PF patients developed
ICTH concurrently. Six patients suffered from ICTH
but not PF. Fourteen others had pulmonary thrombo-
embolism, DVT and hepatic thrombosis with or with-
out venoocclusive disease during the course of
malignancies. The clinical profiles did not differ
between the PF and ICTH groups, except for a higher
incidence of concurrent infections in PF patients
(P = 0.044). The ICTH patients had no triggers at the
presentation. Although 14 others met the aforemen-
tioned criteria of 1) higher PC activity, absent family
history and associated conditions suggested a low pos-
sibility of inherited PC deficiency. The clinical ont-
comes after aPC therapy did not differ among the
three groups of ICTH, PF and other VIE patients.

Symptomatic congenital PC deficiency in Japanese
children

A total of 27 PC-deficient patients <20 years of age
were finally collected in Japan for this analysis, includ-
ing a pair of first cousins {Pt2-1, Pt2-2) and a set of
twins (Pt9-t1, Pt9—¢2). There was no consanguinity.
The patients were divided into two groups; 18 inher-
ited {Table 2) and nine non-inherited deficiencies
(Table 3) based on the PC activity of their parents.
The patients in each group are listed in order of their
age at the first presentation of ICTH (u#pper) or other
conditions (lower). Of the 19 ICTH patients, 10 had
PF that did not precede ICTH. Although three had
foetal hydrocephalus (inherited Pt1, Pt2~1; non-inher-
ited Ptl), no antenatal diagnosis of PC deficiency was
made. Of the eight others (inherited Pts15-18, non-
inherited Pts4~7), PF was the first presentation of six
patients. One developed acute renal failure (non-
inherited Pt6), and the other suffered from a chance

Table 1. Demographics of activated PC concentrate-treated children according to the major lesions.

P value
PF* ICTH? Other VTE® avs b atbvs. ¢
Number of Pts, male ; female 9,3:6 6,1:5 14,7:7 0.604 0.264
Age*, median {range) 15 days (3-422) 14 days (7-317) 4.4 yrs (58 days-16 yrs) 0.768 <.0001
PC activity, median (range} % 0 {0-31) 18 (0-40) 28 (0-57) 0.195 0.006
Family history positive, % 78 83 0 >.999 <.0001
Associated conditions
No 4 [ 0 0.044 0.0002
Yes infection 5 0 1
malignancy 0 0 12
cardiac disease 1 0 1
Efficacy; yee/nofunknown 51410 1/173 77411 >.999 >,99%
Clinical utility; yes/nofunknown 37115 3/0/3 71017 >,999 >,999
Sutvival outcome, (%} 7 {78) 6 (100) 7 {50} 0.486 0.050

*The age at onset of disease was defined as the first time PC activity was determined.

Pts: patients, PF: purpura fulminans, ICTH: intracranial thrombosis and/or haemorrhage, VTE: venous thromboembolism

Other VTE included pulmonary thromboembolism {# = 1), DVT with haemothorax (12 = 1), hepatic thrombosis with or without venoocclusive disease
{n = 12) during the course of aplastic anaemia, myelodysplastic syndrome, haemophagocytic syndrome, leukaemia, neuroblastoma, or leukodystrophy.
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Table 2. Reports of symptomatic children with inherited protein C deficiency in Japan,

PR YVOHO 'S ¥

Age at presentation, days Patient
Pr Neonatal asphyxia ICTH PF Ocular bleed  PC-act (%} PROC type*  Parents low PC-act  FHY  aPC therapy Outcome
Intracranial lesions )
1 yes GA33w 3 no <10 ex9:1235G>A(V339M) homo MF no yes died (6 m)
2-1 yes GA34w 26 46 <10 cheter MF yes yes amputation, PMR
2-2 yes 0 no 12 <10 heter M yes yes PMR
3 no 0 2 yes 3 €x9:1362delG*{stopd20 462} homo MF no yes NR
4 no 0 0 NR <10 ex9:1190G>A(V297M)/ex9:1362delG* cheter M yes yes amputation, PMR
s no ] 7 yes <10 heter M no no PMR,VP-shunt
6 no 1 1 NR 5 ex3:296G>A{E26K)/ex9:1362delG* cheter MF no no favoucable, PMR
7 no 2 2 yes <10 cheter MF no yes discharge (2 m})
8 NR >3 3 NR 15 cheter MF NR yes PMR
911 no 6 no 6 <10 ex8:887C>T{L223F)/ex9:1360G>C(W380C) cheter MF twin  yes MR
992  no 6 no NR <10 ex8:887C>T({L223F)/ex9:1360G>C(W380C)  c.heter MF) twin  yes PMR
10 no 7 no NR 19 heter M oo yes NR
11 no 13 16 NR 8 ex4:258delT 18Stop/ex9:905C>T{R229W) cheter MPF no yes Ep, PMR
12 NR 16 ne no 17 heter M yes yes NR
13 NR 10 m no no 40 heter F yes yes NR
14 no 13 m 13m no 8 ex4:356G>T{D46Y} heter M yes yes severe PMR
Extracranial lesions
15 no no 0 NR <5 ex7:725C>T{R169W)/ex9:1362delG* cheter MF no no normal develop
16 no no 1 yes 20 heter M no no no PMR, died
17 no no 2 yes 24 cheter MF NR yes NR
18 yes ne 10 yes <19 cheter MF yes yes NR

*The allele type of the PROC mutation was estimated by each parent’s PG activity unless the genetic study was performed.

tFamily history (FH) includes young thrombosis, habitual abortion, foetal/neonatal hydrocephalus and consanguineous marriages.
Pt: patient, PC: protein C, aPC: activated PC, NR: not recorded, ICTH; intracranial theombosis, hacmorrhage andfor hydrocephalus, PF: purpura fulminans, homo: homozygote, c.hetero; compound heterozygotc,
PMR: psychomotor retacdation, Ep: epilepsy, Pt2~1 and Pt2~2 are first cousins. Pe9—t1 and Pt9-t2 are twins.
Four of 11 genetic studies {Pt4, 9—t1, 9-t2, 11 and 14} were completed at Kyushu University. The base number was referred to Accession No. NM 000312 Version 3, 1790np (mRNA}) PRI 27-NOV-2011. Four
patients among eight unrelated families carried PC nagoya 1362delG* {stop420—+462).
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Table 3. Reports of symptomatic children with non-inherited protein C deficiency in Japan.

Age at presentation, days Patient
Pr Neonatal asphyxia ICTH PF Ocular bleed PCeact (%) PROC type*  Parems low PC-act FH' aPC theropy Qutcome
Intracranial lesions
1 no GA36w no NR 37 unknown NR NR no PMR
2 mo 3 ne NR 24 no mutation unknown normal no  no PMR
3 no 5 no NR 34 unknown NR no no discharge (18d)
Extracranial lesions
4 NR no 0 NR 23 unknown normal no yes died
§ no no i NR 30 unknown normal NR no NR
6 yes no no no 3 no mucation  unknown  norrmal no  yes renal failure
7 no 20 no 11 28 unknown  normal o no blindness

*The allele type of the PROC mutation was estimated by each parent’s PC activity unless the genetic study was performed.

*Family history (FH) includes young thrombosis, habitual abortion, foetal/neonatal hydrocephalus and consanguineous marriages.

Pr: patient, PC: protein C, aPC: activated PC, NR: not recorded, ICTH: intracranial thrombosis, haemorrhage and/or hydrocephalus, PF: purpura folmin-
ans, homo: homozygote, c.hetero; compound heterozygote, PMR: psychomotor retardation.

Two genetic studies (Pe2 and Pt6] were completed in Kyushu University.

vitreous haemorrhage (non-inherited Pt7). Postnatal-
onset infants showed normal birthweight (median
2848 g) at full-term delivery. Severe or moderately
severe PC deficiency was found in 85% of the patients
in the inherited group and 15% in the non-inherited
group. The genetic study and parents’ PC activity indi-
cated that the 20 inherited patients had two homozy-
gous [14], 11 compound heterozygous [13,16] and
seven heterozygous PC deficiency [15]. PC nagoya was
found in half of the unrelated patients with genetic
diagnosis. There were no genotype-specific features of
PC-deficient children. Only five patients declared a
family history suggestive of inherited thrombophilias.
Mothers (7 = 18) or fathers (» = 12) had mild PC
deficiency. None of them had experienced thrombo-
embolism before the diagnosis of their children (Table
2).
The aPC agent was given to 18 patients {(67%) for
the treatment of PF (100 U kg™ bolus, and 600-
800 U kg™! per day continuous infusion for 6 days),
or other VTE {200-300 U kg™! per day continuously
infusion for 6 days). Of the 18 aPC-treated patients,
two died of infection, and eight of 10 survivors with
recorded outcomes had neurological sequelae.

Discussion

This study documented that the first presentation of
Japanese children with PC deficiency was exclusively
ICTH and/or PF within 3 weeks after birth. Although
each incidence was similar, PF did not precede ICTH
in patients having two lesions. ICTH developed prena-
tally without apparent triggers, while PF occasionally
occurred with infection. PC nagoya was prevalent in
Japanese children with PC deficiency. The mothers of
>75% of infants showed low PC activity, but only
25% infants had a declared thrombophilic family his-
tory at presentation. The mortality rate was 8%, and
most of the survivors had neurological deficits irre-
spective of aPC therapy. Screening for PC-deficient

© 2013 Blackwell Publishing Ltd
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mothers may allow for earlier intervention to improve
the outcome of affected newborns.

Neonatal PF is the hallmark of heritable PC defi-
ciency. Of more than 30 reported PF cases, one PS-
deficient homozygote developed neonatal PF [25], and
five patients had a PROS mutation in association with
three FVLeiden [25-29]. In our review of Japanese
patients, there were no PF cases with inherited PS/AT-
deficiency. Four PS-deficient Japanese children devel-
oped DVT after the age of 3 years [30]. There is a
missing link between the rare PROC mutants and the
exclusive phenotype of PF neonates. The frequency of
PROS mutant heterozygotes is higher in the general
Japanese population (1.12~1.8%} [31-33] than was
seen in Caucasians (0.03~0.13%) [34). The founder
effects of PS-tokushima might account for PS-defi-
clency as the leading cause of genetic thrombophilia in
Japanese adults [12,32]. On the other hand, the
frequency of PROC mutations in Japanese subjects
(0.16%) [35] is similar to that in Caucasians
{0.2-0.3%) [4,5]. PC nagoya is one of the five major
genotypes of PC deficiency in Japan. However, no PC
nagoya but, recurrent mutations related to CG>TG
and CG>CA transitions, were found in adult Japanese
VTE cases [11,12]. The high frequency of PC nagoya
in paediatric, but not adult, patients suggested a dis-
tinct contribution of this gene to the development of
thrombosis between biallelic mutants and heterozy-
gous ones, as the founder effect in Japan.

Perinatal ICTH and neonatal PF were the exclusive
phenotypes of paediatric PC deficiency. ICTH
occurred earlier than PF as the first presentation.
Hydrocephalus was a unique manifestation in PC-defi-
cient foetuses. Fong et al. [36] have recently reported
sisters with cerebral palsy who experienced periven-
tricular haemorrhagic infarction caused by heterozy-
gous PROC mutations. Postnatal magnetic resonance
imaging showed that the brain lesions were consistent
with bilateral cerebral intramedullary venous throm-
bosis occurring at under 28 weeks of gestation for the
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older sister and around the time of birth for the youn-
ger sister. Mothers with FVLeiden or FII G20210A
are at risk of delivering low birthweight infants [37].
On the other hand, in the series of subjects with PC
deficiency (Tables 2 and 3), premature birth or intra-
uterine growth retardation was unremarkable. Postna-
tal cases had appropriate birthweight at full-term
deliveries. This may be corroborated by the fact that
homozygous PC-deficient mice are born and die
shortly after birth, whereas homozygous PS- or AT-
deficient mice result in foetal loss.

PC-deficient heterozygotes were occasionally found
in the series of paediatric patients. Of 16 PF children
in Turkey (median age: 2 years, range 3.5 months
~12 years) [38], six patients (38%) carried FVLeiden
(five heterozygotes and one homozygote), but none
had FII G20210A. Of the six PC- and nine PS-defi-
cient patients, only one had inherited thrombophilia
of PS-deficiency. All six PC-deficient patients were
<2 years of age, and four of them had severe infec-
tion. Hypercoagulability of inherited thrombophilia
depends on the genetic background of patients [39].
Acute infectious PF occurs across all age groups, and
the patients have been rarely assessed by genetic
study [15]. Taken together, these data indicate that
additional insults, including infection, might contrib-
ute to the development of PF in heterozygous PC-defi-
cient infants.

The plasma PC concentration physiologically
increases from birth until age 6 months [3]. Vitamin
K deficiency predisposes infants to depressed PC activ-
ity. Of 11 patients assessed by PROC sequencing, two
infants {Table 3; Pt2 and Pté) carried no PC mutation.
Selective low PC activity continued in both patients,
despite their normal PS/AT/FVII levels and absent pro-
tein induced by Vitamin X absence or antagonists-II.
Qur study demonstrated no polymorphisms in the
promoter regions of PROC which might have affected
the PC levels of patients. The plasma PC and PS levels
could be differentially influenced by other factors in
‘early infancy. The presence of borderline PC activity
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PERINATAL/NEONATAL CASE PRESENTATION

Neonatal asphyxia and renal failure as the presentation
of non-inherited protein C deficiency
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o Inhen!ed‘ jor acqmred protem C (PC) deﬁdency leads to thromboembolxc =

Iqtroduction

Protein C (PC) is a vitamin K-dependent serine protease zymogen
produced by the liver. The anticoagulant factor is activated by the
thrombin (factor Ila; Flla)-bound thrombomodulin expressed
on the endothelium. Activated PC (aPC) inactivates FVa and FVilla
in the presence of protein S (PS) as the cofactor.! Administration
of aPC products inhibits clot formation and augments fibrinolysis
by blocking plasminogen activator inhibitor-1. aPC also exerts
anti-inflammatory and cytoprotective effects on neutrophils,
rnacrophages, dendritic cells and endothelial cells via specific
receptors.” Inherited PC deficiency is an autosomal recessive
thrombophilia.! Homozygotes and compound heterozygotes of
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PROC mutation present with purpura fulminans (PF) during early
neonatal period® Heterozygous PROC-mutated adults are at risk
of deep vein thrombosis, pulmonary thromboembolism and
disseminated intravascular coagulopathy, being often triggered
by infection, vasculopathy and malignancy. Sepsis and liver
dysfunction precipitate PC deficiency via the consumption,
impaired synthesis and both. Plasma PG activity is physio-
logically low until 6 months of age. Neonates are vulnerable to
vitamin-K-deficient coagulopathy arising from the immaturity,
nutrition and enteral microbiota. Nevertheless, there is little
information zbout neonatal thromboembolism arising from
non-familial PC deficiency.

We report a case of neonatal asphyxia and renal failure
associated with non-inherited PC deficiency. The etiology and
management of hypercoagulable crisis in the newborn was
discussed.

Case

A male newborn was hospitalized because of neonatal asphyxia
showing 2 and 7 of Apgar scores at 1 and $min, respectively. He
was born to a healthy 30-year-old mother, gravida 0 and para 0,
at 41 weeks of gestation by urgent caesarean section for non-
reassuring fetal status on the Jabor induction, after uneventful
pregnant course. The small-for-gestational age infant weighing
2404 g had normal umbilical cord and placenta. There was
no consanguineous marriage or contributory family history.
On day 6 after birth, he was transferred to our tertiary neonatal
intensive care unit because of anuria and thrombocytopenia

On admission, the vigorous infant showed 70 min™" of
tachypnea, normal pulse rate (136 min™") and blood pressure
(89/67 mm Hg). Body temperature was 37.6 °C. There was no
desaturation. He had occipital cephalhematoma and faint purpura
(3 x 5cm) on the right back. Auscultation was unremarkable,
No hepatosplenomegaly was found. Complete blood counts and
coagulation study 2 days after the transfusion of packed platelets
and fresh frozen plasma (FFP) revealed white blood cells
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Figure 1 Treatment course of the infant. Intensive therapy was directed to anticoagulant and nephroprotective effects. Repeated infusions of fresh frozen plasma (FFP)
increased platelet counts and urine volume. Serum creatinine peaked at 9.47mgdl™" and slowly decreased. The activated protein € (aPG) therapy further improved
platelet counts, b-dimer and creatinine levels. PIVKA-TI, protein induced by vitamin K absence or antagonisis-1I; PS, protein S; thANP, recombinant human atrial

natriuretic peptide.

7.540 x 10°1™", hemoglobin 9.9 gdl™", platelets 69 x 16°1",
fibrinogen 103 mgdi ™", prothrombin time-INR 1.6, activated
partial thromboplastin time 48.1s, fibrinogen degradation products
15.0 pgml™" and p-dimer 7.9 pgmi™". Antithrombin activity was
47%, thrombin—antithrombin complex was 7.3 ngml™" and
plasmin ot2—antiplasmin complex was 2.5 g ml~". C-reactive
protein concentration was 0.13 mg dI™". Serum levels of
creatinine (7.54mgdl™"), urea nitrogen (59 mgdi™"), uric acid
(22.5mg dl™"), aspartate aminotransferase (113 U17"), alanine
aminotransferase (345U 1Y) and creatinine kinase (904 U1™")
were high. Blood gas analysis indicated metabolic acidosis

with —7.1 mmol ™" of actual base excess. Dark red urine
indicated hemolysis. Echographies revealed intact brain, heart,
liver and kidney.

Intensive therapy was started for renal failure and disseminated
intravascular coagulopathy (Figure 1). Dalteparin, nafamostat
mesilate, urinastatin, antithrombin products and FFP but not
packed platelets were infused for the hypercoagulability of
unknown cause. Diuretics, catecholamine, recombinant human
atrial natriuretic peptide and packed red cells were administered.
Urine volurne slowly increased. Serum creatinine levels at the peak
of 9.47mgdl™" on day 13 of age decreased gradually. During
repeated FFP infusions, low PC activity (33%, reference range (rr):
67—130) was dissociated with subnormal PS activity (61%, rr: 73—
121y on day 21 of age. The steady improvement of coagulopathy
and renal function after each FFP substitution was suggestive of
inherited thrombophilia. The coagulation profile was reassessed
after vitamin X therapy and 10 days after the last FFP infusion. PC
activity was 6%, PC antigen level was 33% (rr: 65-135) and PS
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activity was 53%. Protein induced by vitamin K absence or
antagonists-11 levels (PIVKA-IT; 13mAU ml™", rr: <40) and FVII
activity (75%, rr: 75—140) were normal. These findings indicated
the type 2 PC-deficient heterozygote. Administration of human
plasma-derived aPC (Anact C; a bolus infusion of 50 Ukg™"

and 2 continuous infusion of 50—100 Ukg™" for consecutive

7 days, The Chemo-Sero-Therapeutic Research Institute,
Kumnamoto, Japan) led to the drastic increase of platelet counts,
undetectable p-dimer and decreasing creatinine levels. Magnetic
resonance imaging of the brain and abdomen, scintigraphy of the
lung and heart, renogram and funduscopy revealed no infarctions.
Direct sequencing of the coding and promoter regions of PROC
revealed no mutation in the infant.* Healthy father and mother
had normal PC activity of 135% and 165%, respectively. Thereafter,
PC activity of the patient increased to 55% until the age of

3 months, and attained 102% at the age of 10 months. Serum
creatinine levels fell to 0.87mgdl™" until 10 months. The

infant shows normal development at the writing of the manuscript.

Discussion

The hypercoagulable neonate presented renal failure,
cephalhematoma, purpura and hemoglobinuria, Extremely low PC
but not PS activity, the response to aPC therapy and no PROC
mutation determined the diagnosis of acquired PC deficiency.
Despite the low frequency of PROC mutation, the thrombotic risk of
PC mutant is higher than other congenital thrornbophi[ias.5'6
Neonatal PF is the hallmark of severe PC deficiency (<0.01 Ural™
or <1% of PC activity). Heterozygous PC-deficient infants are at




risk of PF in the association with additional triggers.* Cerebral
infarction and/or vitreous bleeding were the other presentations
of fetal/neonatal PC deficiency.” Kidney is a target organ of
thrombosis in neonatal thrombophilias.® In this context, selective
PC deficiency has a greater impact on the thromboembolic events
especially in early infancy than other thrombophilias.

The major concern is the etiology of transient PC deficiency in
the newborn. Manco-Johnson ef 4/ described 11 infants initially
seen in the newborn period with undetectable PC activity and/or
antigen, which proved on subsequent follow-up, to be acquired.
About 5 of the 11 infants manifested thrombotic events, including
renal, gortic and cerebral sites. They further evaluated PG, p-dimer
and other regulatory proteins in 164 newborn infants. In this
report,"® prevalence of PC <0.1Uml™" or <10% of healthy adults
ranged from 0 to 37% with the highest rates in twin gestation
(either term or preterm) and preterm infants with respiratory
distress, and including a rate of 5% in term singleton infants with
distress. Although they showed no genetic study, severe to
moderately severe PC activity (<0.1 Uml™" or <10%) could occur
and often led to thrombosis in the stressed newborn as non-
inherited PC deficiency.

At the time of diagnosis, the discrepancy between 6% of PC
activity and 33% of PC antigen levels was unexplainable. The lower
PC activity than PC antigen levels at first suggested type 2
deficiency, which accounts for 15% of symptomatic deficiency.
Genetic PC deficiency arises from a gross deletion in patients with
no PROC mutation." However, the qualitative and quantitative
abnormality of PC molecule associated with de novo heterozygous
PC deficiency was excluded by 102% of PC activity at the age of
10 months, The blood samples at diagnosis showed undetectable
PIVKA-I1 and normal FVII activity. It may raise the possibility that
2 certain inhibitor selectively reduced the PC activity but not PS
activity, while no such factors have been suggested.'” Shorter
half-life of PC and aPC than PS might contribute to persistently
low PC activity. To clarify the cause of neonatal PC deficiency,
genome-wide study should be directed toward the genotyping
associated with the functional maturation of PC activity.

The other issue is the indication of aPC concentrate. The
efficacy of aPC therapy is still controversial in the treatment of
sepsis and/or PF in childhood>” During the disease course, the
image analyses disclosed no evidence of thrombosis. However, the
early anticoagulant therapy protected irreversible organ damages
with impaired circulation. After the start of aPC administration, the
increase of platelet counts and disappearance of p-dimer were
drastic. Subsequent recovery of renal function might corroborate
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the additional profibrinolytic and cytoprotective effects of aPC on
the ischernic kidney. Although genetic study is indispensable for PC
deficiency, the entity of neonatal PC deficiency might emphasize
the feasibility of aPC therapy beyond the PROC mutation.
Thromboprophylaxis should be augmented for PC-deficient
patients. Warfarin control is not easy in young children. In this
line, regular PC substitution may be limitedly recommended in
early infancy. Further study is needed to search the non-inherited
causes of neonatal isolated PC deficiency as well as to establish the
optimal aPC therapy for PC-deficient infants.
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Thrombocytosis in asplenia syndrome with congenital heart disease:
A previously unrecognized risk factor for thromboembolism
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ARTICLE ABSTRACT
Article bistory: Background: Thrombocytosis and thromboembolic complications occur after splenectorny, However, there is
Recefved 10 March 2612 no previous report investigating the presence of thrombocytosis and its association with thromboembolic
Received in revised form 15 May 2012 events in patients having asplenfa syndrome with congenital heact disease.
Accepted 7 June 2012 Methods: Enrolled were 161 consecutive patients with Runctionally single ventricle who underwent cardiac
Available online o0 catheterization between 1997 and 2010. They were divided into two groups: patients having asplenia
Keywords: (Grf:up A, n=46} and patieats paving na asplenia {Group B, n=115)._Aspirin therapy was employed In alf
Thr ombows patients after surgical Interventions exeept for pulmonary artety banding, We retrospectively veviewed the
Asplenia platelet counts at each seven stage of cardiac catheterization {for pre~ and postoperative evaluation of the
Copgenital heart disease first palliation, Glann operation, and Fontan operation, and for late evaluation after Fontan operation), inci-
dence of thromboembolic events, and other possible risk factors for thromboembolism,
Resuits: The median platelet counts in Group A were consistently higher than those in Group B at any of the
seven stages of cardiac catheterizations (p<0.002). The incidence of thromboembolic complications was alse
higher in Group A than that in Group B (28% vs. 10%, p==0.030). Univariate and multivariate logistic regres-
sion analyses showed that a platelet count of more than 550 x 10°/L at the Girst cardiac catheierization was
associated with thromboembolic complications (Odds ratio 3,17; p==0.046).
Conclusions: Persistent thrombocytosis is present in patients thh_ asplenia syndrome, It may greadly contrib-
ute to the development of thromboembolism during the management of congenital heart disease than
expected,
® 2012 Elsevier fraland Ltd. All rights reserved.
1. Introduction are often experienced before and after the completion of Fontan opex-

Post-splenectomy thrombocytosis is reported to be a predisposing
factor for thromboembolism. Thrombeembelic complications follow-
ing splenectomy occur in up to 10% of patients. These range from
myocardial infarction, portal vein thrombosis, and pulmonary embo-
lism to deep vein thrombasis {1-3], Stich thrombotic events could be
cbserved not only immediately after surgery, but also several months
or even years later in the patients in whom thrombocytosis persisted
{4]. )

Congenital asplenia syndrome is a form of heterotaxy that is also
known as right atrial isomerism. This syndrome is typically associated
with severe heart defects and needs staged cardiac operations from
infancy as a functionally single ventricle [5]. Thromboembolic events

* Corresponding author at; Department of Pediatrics, Graduate School of Medical
Seiences, Kyushu University, 3-1-1, Maidashi, Higashi-ku, Fukuoka, 812-8582, fapan.
Teh: +-81 92 642 54215 fax: 81 92 642 5435,

E-mail address: yamamura@pediatrmed kyushu-u.aejp (K. Yamamura).

0167-5273/§ ~ see front matter © 2012 Elsevier Ireland Ld. All rights reserved.
doi;10.1018/jcard 2012.06.009

ation {6},

There are a few reported cases with secondary thrombocytesis
caused by isolated spleen agenesis without cardiac defects, mimick-
ing essential thrombocythemia [7.8]. Thromboembolism is one of
the major complications during and after surgical intervention in pa-
tients with congenital heart disease, However, there is no previous re-
port investigating the relationship between platelet count and
thromboembolic events in patients with asplenia syndrome having
congenital heart disease.

The objective of this study is to clarify the clinical srgmﬁcance of
thrombocytosis and its impact on thromboembeolic events in patients
with congenital heart disease and asplenia,

2. tAaterials and methods
2.1, Patients

A toal of 161 consecutive patients with functionally single ventricles who under-
went cardiac catheterization at Xyushu University Hospital and Kyushu Koseinenkin

_55_
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Table 1
Patient characteristics.
Croup A Group B
{n=46) {(n=115)
Anatomy of the congenital heart disease
SRV 19 13
AVSD 14 6
DORV 7 23
SLy 2 15
CCIGA 2 13
TA M 19
PAIVS 3] 10
HLHS o 3
MA ] 5
Others 0 3
Age 7 years 7years
. (6 months~13 years) {4 months—13 years)
Sex . MF=22024 M/F=57/58
Fivst pafliation
Blalock-Taussiz shuot 38 (83%) 66 {57%)
Pulmonary artery banding 8 (17%) 41 (36%)
Norwood operation 0(0%) 8(73)
Suevival 33 (72%) 107 (93%)

SRV: single right ventricle, AVSD: atcioventricular septat defect, DORV: double outflow
right veatricle, SLV: single Jefeventricle, CCTGA: cangenitally corrected transposition of
the great acteries, TA: tricuspid atresia, PAIVS: pulmoracy atresia with intact
ventricular septum, HLHS: hypoplastic feft heart syndrome, MA: mitral atesia,

Hospital berween 1997 and 2010 were earoled in this study. No patients had any fam-
ily history of thrombophilia. The patients were divided into rwo groups: patients hav-
ing asplenfa syndrome (Group A, n=46) and those having no asplenia syadrome
(Group B, n=="1}5). Patient characteristics of each group are shown in Table 1,

All patients underweat staged surgical procedures, Initia) palliation included
Blatock-Taussig (BT} shunt, pulmonary artery banding or Norwood operation as need-
ed, The second stage operation was & bidirectional Glenn cavopulmonary connection
performed on cardiopulmonary bypass, The third stage aperation was Fontan opera-
tion using expanded polyttrafforethylens vascular graft as an extracardiac conduit.
Fenestration was only performed for two padents with high pulmonaty vascular resis~
tance. All patfents recelved cardiac catheterization for pre- and postoperative evalua-
tion of each surgical procedure and for late evaiuation after Fontan operation (¥ig. 1).

Postaperative and interstage anticoagulation therapy was identically performed as
follows: aspirin (3-5 mg/kg/day) after BT shunt, Norwood procedure, and Glenn oper-
ation; aspirin and warfarin (targeted prothrombin time-international normalized ratio

{PT-INR] 1.5-2.0) for 1 year following Fontan operation; and on:y aspicin after 1 year
following Fontan oparation,

The diagnosis of aspleniz syndrome was determined based on the presence of
Howell-jolly bodies in the peripheral blood smear and the absence of spleen assessed
by computed temography {n=31) and/or ultrasonography {n=:46), The diagnosis of
thromboembolic complications was determined using objective methods when they
were suspected by clinical manifestation or when they were coincidentally found by
the regular examninations. BT shunt malfunction was defined as shunt acclusion or ste-
nosis which needs catheter Intervention or surgery, assessed by computed tomography
or cardiac cathetarization, Cerebral infarction was diagnosed by computed tomography
or magnetic resonance imaging Diagnosis of venous thromboembolism was made by
ultrasonngraphy, computed tomography. or venography.

3. Methods

‘We retraspectively reviewed the medical records of all 161 patients to
determine (i) the platelet counts at each seven stage of cardiac catheter-
jzation; (i) the incidence of thromboembolic complications; and (iif)
other clinical data that may be possible risk factors for thromboembolic
complications in each group.

For the purpose of elucidating the association between platelet counts
and thromboembolic events, we investigated the sequential changes of
platelet counts, the timing of thromboembolic events, and the correla~
tions among platelet counts at each stage of cardiac catheterizations.

We evaluated the effect of clinical parameters {platelet count, age,
birth weight, hemoglobin concentration, activated partial thrombo-
plastin time, ejection fraction of the systemic ventricle, atrioventricu-
lar valve regurgitation, presence or absence of BT shunt, size of the BT
shunt, and presence or absence of pulmonary vein obstruction) as a
risk factor of thromboembolic complications with univariate and
multivariate Jogistic regression analyses.

3.1. Statistical analysis

Continuous variables were analyzed using the Mann-Whitney U
test and categorical variables were analyzed using the chi-square
test, The analysis of Pearson's correlation coefficient was used to eval-
uate correlations between platelet counts at each other stage of cath-
eterization, Dichotomous variables were created out of contintous
variables by using clinically important cutoff points. Univariate and
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Fig. 1. Number of study patients, mean age and mean weight at each stage,
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Flg. 2. Sequential changes of platelet counts in Group A (solid line) and Group B (dashed line) at the seven therapetitic stages of cardiac catheterizations and the timing (arrows) of
thromboembolic events, The box plots represent medians with 25-75th centile boxes, minimums and maxipoums still in the 1.5 Interquartile range bars, and vutliers, The medlan
platelet counts in Group A were significantly higher than those in Group B at any of the seven stages of cardiac catheterizations (* p<0.0001, ** p=0.0002).

multivariate logistic regression analyses were used to determine the
relative contribution of various factors.to the risk of thromboembolic
events. P values of less than 0.05 were considered significant. All sta-
tistical operations were performed by using the JMP 8 statistical soft~
ware package (SAS Institute, Inc. Cary. NC).

4. Results

The time course of the platelet counts and thromboembolic events
are shown in Fig. 2, The median platelet counts in Group A were con-
sistently higher than those in Group B at any of the seven stages of
cardiac catheterizations (557x10%L vs. 333x10%L, p<@.0001;
543x 1091 vs. 349x 10%4, p<0.0001; 313x 10 vs. 254x 109/,
p=00002; 524x10%L vs. 304x 10%L, p<0.0001; 310x 104, vs.
248 %105/, p<0.0001; 351 x10%L vs. 278x 10%/L, p<0.0001; and
336x10%L vs. 207x 10%/L, p<0.0001, respectively). The most fra-
quent thromboembolic event was the BT shunt malfunction in the in-
fant period (large arrow), The other occasional thromboembolic
events were venous thrombosis and cerebral infarction after Glenn
operation,

The incidence of thramboembolic events was also higher in Group A
than in Group B (28% vs. 10%, p=0.0302, fig. 3). Furthermore, patients
in Group A were associated with increased incidences of all four types
of thromboembolic complications: BT shunt malfunction; cerebral infarc-
tion; venous thromboembolism; and Fontan-rout thrombasis,

There were significant correlations between platelet counts of individ-
ual patients at each other stage of cardiac catheterization (p<0.05,
Table 2). On the basis of the correlations, we investigated the possible
risk factors for thromboembolic events including platelet count at the
first cardiac catheterization as one of the representative values of
thrombophilic predisposition,

The univariate Jogistic regression analysis indicated that patients who
had a platelet count of more than 550x 10%/L at the first cardiac catheter-
ization {Odds ratio 3.17; p=0.023), or underwent BT shunt (Odds ratio
247; p==0.044) were at a higher risk of thromboembolic complications.
The multivariate logistic regression analysis selected only the platelet
count of more than 550 % 10%/L as a risk Factor of thromboembolic events
{p=10.048). No other clinical variables including birth weight, BT shunt
size, pulmonary vein obstruction, ejection fraction of the systemic ventri-
cle, atrioventricular vaive regurgitation, hemoglobin concentration, and
activated partial thromhoplastin time at the first cardiac catheterization
were associated with thromboembolic events (Table 3),

5. Discussion

This is the first report that demonstrated the presence of persistent
thromboecytosis and its association with thromboembslic complications
in patients with asplenia syndrome. Patients with asplenia syndrome
were reported to have poor outcome, Pulmonary vein obstruction, ar-
thythmias associated with twin atrioventricular nodes, and susceptibility
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Fig. 3. Incidence of thromboembolic complications in Group A and Group B. The incidence of thromboembolic cormplications is significantly higher in Group A than in Group B. BT

shunt: Blalock~Taussig shunt,
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Table 2
Correlation and coefficient among platelet counts at each stage of rardiac catheterization.
Pre pailiation Post palliation Pre Glean Post Glenn Pre Fontan Past Fontan Late after Fontan
Pre paliiation R? . 02724 02179 0.2203 0.1466 0.1266 0,1059
; pValue =0,0001 <0.0001 <0.0001 0.0002 <0.0001 00292
Post palliation R? 0.1268 01923 0.1489 0.1577 02205
p Value 0.0003 <{.0001 0.0002 0.0002 0.0011
PreGlenn - R? 02545 02018 0.1736 03165
p Value <0,0001 <0.0001 0.0001 0.0002
Post Glenn g 03978 02406 04329
pViue | <0,0001 < 0,0001 <0.9001
Pre Fontan R 01578 0318
p Value «0.0001 <0.0001
Post Fontan R2 0238
p Value <0.0001
Late after Fontan R?
p Value

to preurnococeal infections were reported to be the reasons of unfavor-
able resuli [5]. The present study suggests that thrombocytosis may be
the other risk factor of morbidity and mortality in patients with asplenia
_syndrome. .
The spleen plays a major role in platelet regulation, as it is the primary
-site of destruction of platelets {3]. In post-splenectomy patients, platelet
count rises steeply with a peak value at 7 to 12 days and usually subsides
only for the next 2 to 3 months, Thromboembolic complications report-
edly occurred in only 1.6% in patients with these reactive thrombocytosis,
compared with 12.4% of patients with primary thrombocytosis {9), Our
study showed that patients with asplenia syndrome have higher platelet
counts than other Fontan candidates having spleen throughout the surgi-
cal stages, The platelet counts were especially high in infancy, when pa-
tients have the possibility of BT shunt occlusion, apd after Glenn

operation, when they often experience cerebral infarction, It is possible -

that this persistent thrombocytosis due to asplenia may augment the pre~
disposition to developing thromboembolism in patients with a single
ventricle,

Platelet adhesion and aggregation are key early events in the develop-
ment of thromboembolism. Exposed substances from the sub-
endothelium (coltagen, tissue factor, von Willebrand factor, and so on)
and increased shear force all lead to platelet activation, adhesion, and fi-
nally aggregation, which subsequently may cause Juminal obstruction
or embolization inte the microcirculation {10}, Splenectomized patients
are at z different risk of thromboembolism according to the kinds
of underlying diseases, Nevertheless, Soyer et al. reported that post-
splenectomy platelet counts In patients with portal vein thrombosis
were higher than those in patients without thrombosis (804 x 10°L vs.

Table 3
Univariate and multivariate analyses of factors influencing thrombeembotic
complications.

Variable No. (%) Odds ratio Pp Value
(95%C) Univadate Multivariate
Platelet count>550x10% 32 (20) 3,17 (1.18-8.30) 0.023 0.046
LR
BT shunt 94 (58) 247 (1.02-662) 0044 0077
Moderate to severe AVVR® 32 (20) 1,85 (0.51-612) 0.132 0,365
Age>Ty 80 (50) 1.72 (0.76-404) 0178 8,607
Birth weight<2500g 26 {168) 1.58{0.42-510) 0488 0.188
APTT<40s? 72(45) 1.28(027-602) 0.743 0.165
Systemic vealricular 71 (44) . 115 (0.19-5.17) 0.839 08370
EF<50% *
Pulmonary vein 11(7} 1.11(0,16-464) 0898 0.760
obstruction .
Hemogiobin> 15 g/dL* 37{23) 1.05(027-335) 0932 0.841
BT shunt sfize<3.5 mm ® 21 {22) 1.68{0.53-5.01) 0367 -

8T shunt: Blalock-Tausslg shunt, AVVR: atcioventricular valve regurgication, APTT:
activated partial thromboplastin time, EF: ejection fraction.

* At the first catheter{zation,

U BT shunt size was investigated among all patients having BY shuat (n=94).

465x 10%L) [11]. A recent prospective study demonstrated that platelet

" count of more than 650 10%/L was significantly associated with post-

splenectomy thromboembolic complications [12]. These reports suggest
the importance of platelet cotmt as a risk factor of thromboembalic com-
plications. Jn the present study, more than 550x10%L of the platelet
count at the first catheterization was selected as the most potent predic-
tor jor thromboembolic complications in the multivariate analysis. We
should pay more attention to the platelet counts in patients with asplenia
syndrome, especially when the platelet count is more than 550x 10%/L at
the first cardiac catheterization.

There are many reports regarding the coagulation abnormality in pa-
tients after Fontan operation [13-17). Ravn et al. reported that concentra- -
tions of protein S antigen, antithrombin, and protein C activity were
rednced both after Glenn and Fontan operation {10}, Coagulation abnor-
malities might occur early in the course of staged single-ventricle repair
{18,18]. Increased platelet reactivity was also reported after both Glenn
and Fontan operations [2,10}. As a result, thromboembolic events in pa-

 tients who have undergone the Fontan operation have been reported to

be as high as 20% to 33% [15], Elevated platelet count in patients with
asplenia syndrome may have a considerable impact on the thromboem-
bolic complications in association with these coagulation abnormalities,

Our result also showed a significantly higher incidence of thrombo-
embolic complications in patients with asplenia syndrome than in pa-
tients with other functionally single ventricles, Patients with asplenia
syndrome are often associated with pulmonary vein ohstiuction. They oc-
casionally underwent a smaller size of the Blalock~Taussig shunt because
inherent atrioventricular valve regurgitation may worsen with too much
pulmonary bloed flow. It seems possible that this pulmonary vein ob-
struction or smaller shunt size may be another predisposing factor to
thromboembolic complications, However, our results showed that only
platelet count at the first cardiac catheterization was significantly assodi-
ated with thromboembolic complications, This result emphasized the
dinical importance of elevated platelet count in patients with asplenia
syndrome during the treatment course, Antithrombotic therapy should
be optimized in patients with asplenia syndrome showing high platelet
count.

The limitation of the present study was the lacked assessment of the
precise coagulation profile, including protein €, protein §, antithrombin
activity, and fupts anticoaguiant. Further prospective study is needed to
compare the coagudation states in single ventricle patients with and with-
out asplenia syndrome.

6. Conclusion

Our study demonstrated the presence of persistent thrombocytasis as
a risk factor of thromboernbolism in patients with asplenia syndrome.
Precautious monitoring of the platelet count and aggressive anti-
thrombotic or anticoagulation therapy for patients with thrombocytosis
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may be beneficial to decrease the incidence of thromboembolic compli-
cations in patients with asplenia syndrorne,

Acknowledgments

We thank Junji Kishimote (Digital Medicine Initiative, Kyushu Uni-
versity Hospital, Fukuoka Japan) and Dr. Masataka Ishimura {Depart-
ments of Pediatrics, Graduate School of Medical Sciences, Kyushu
University) for the contribution of statistical analysis. The authors of
this manuscript have certified that they comply with the Principles of
Ethical Publishing in the International Journal of Cardiology {20].

References

{1] Ghaffarl S, Pourafkari 1. Acute myocardial infarction in a patient with pose-
splenectomy thrombocytosis: a case repoit and review of literature. Cardiol )
2010:17:79-82,

{2} Cappeltini MD, Grespi E, Cassinetio E Bignamini D, Fiorelll G. Coagulation and
splencetomy: an overview. Ann N Y Acad Sci 2005;1054:317-24.

[3] Khan PN, Natr R}, Olivares |, Tingle LB, Li Z Postsplencectorny reactive
thrombocytosis. Prac {Bayl Univ Med Cent) 2009;22:9-12,

[4] Visudhiphan S, Ketsa-Ard K, Piankijagum A, Tumliang 5. Blood coagulation and
platelet profiles in persistent post-splenectomy thrombocytosis, The relationship
to thromboembolism. Blomed Pharmacother 1985;39:264~71.

15] Knott-Crajg €J, Danielson GK, Schaff HV, Puga FJ, Weaver AL, Driscoll DD. The
modified Foptan aperation, An analysis of risk factors for eatly postoperative
death or takedown in 702 consecutive patients from one institution. § Thorac
Cardiovasc Surg 1885;109;1237-43.

{6] Banz P} Driscoli 1, Dearant JA, et al, Early and late results of the modified fontan
operation for heterotaxy syndrome 30 years of experience in 142 patients. § Am
Coll Cardinf 2006;48:2361-5.

[7] Chanet V, Tournithac O, Dicu-Bellamy V, et al. Isolated spleen agenesis: a rare
cause of thromhocytosis mimicking essential thrombocythemia. Haematologica
2000;85:1211-3.

[8] TakahashiF, Uchida K, Nagaoka T, et al. Isclated congenital spleen agenesis; a rare
cause of cheopic thromboembolic pulmonary hypertension in an adule
Respirology 2008;13:913-5.

[9] Geiessh M, B M, Sauer T, Wennauer R, Bergmann L, Hemzpe} H.
Aetialogy and clinical significance of thrombuocytosis: analysis of 732 patients
with an elevated platelet count. § Intern Med 1899;245:295-300,

{10} Ravn MB, Hjorcdal VE, Stenbog BV, et al. Increased platelet reactlvity and signifi-
cant changes in coagulation markers after cavopulmonary connection. Heart
2001,85:61~5.

{11] Soyer T, Ciftci AO, Tanyel FC, Senocak ME, Buyukpamukcu N, Partal vein thrombo-
sis after splenectomy in pediatric hematologic disease: risk Factors, clinical fea-
tues, and outcame, | Pediatr Surg 2006;41:1859-902,

[12] Sramou KM, Toutouzas KG, Kekis PB, et al. Prospective study of the incidence and
risk factors of postsplenectomy thrombosis of the portal, mesenterie, and splenic
veins. Arch Surg 2008;141:663-9,

{13] Cromme-Dijkhuis AH, Henkens €M, Bijleveld CM, Hillege HL, Bom V], van der
Meer §. Coagulation facror abnormalities as possible thrombotic risk factors after
Fontan operations. lancet 1990;336:1087~90.

{14] Jahangiri M, Kreutzer ), Zurakawski D, Bacha E, Jonas RA. Evaluation of hemostatic
and coagulation factor abnormalities in patients undetgolng the Fontan opera-
tion, | Thorac Cardiovase Surg 2000;120:778-82,

{15] Odegard XC. McGowan jr FX, DiNardo JA, et al. Coagulation abnormalities in pa-
tents with singie-ventricle physiology precede the Fontaa procedure, ) Tharac
Cardiovasc Surg 2002;123:459-65,

{16} Chaloupecky V. Svobndova |, Hadacova |, et al. Coagulation profite and liver func-
tion In 102 patients after total cavopulmonary connection at mid term follow up,
Heart 2005;91:73-2,

[17] Cheung EW, Chay GW, Ma ES, Cheung YF. Systemic oxygen saturation and coagu-
lation factor abnonmalities before and after the fontan procedure. Am J Cardiol
2005;96:1571-5,

18] Odegard KC, McGowan Jr FX, Zurakawskd 1, et al, Coagulation factor abnormah—
ties in patlents with single-venteicle physiology immediately prior to the Fantan
procedure, Ana Thorac Surg 2002;73:1770-7.

[19]) Rask O, Hanseus K, Ljung R, Strandberg K, Berotorp E. lower incidence of
pracoagulant abnormalities during follow-up after creation of the Fontan cireula-
tion in children. Cardlol Young 2008;19:152-8,

[20] Shewan LG, Coats AJ. Ethics in the authorship and publishing of sclentific articles,
Int } Cardiol 2010;144:1-2,

_59_




“1236

Letters
to the Editor

* ADAMTS13 safeguards the myocardium in a
mouse model of acute myocardial infarction

Masaaki Boi"%; Hideto Matsui'; Yukiji Takeda?; Yoshihiko Saito’; Maiko Takeda%;
Yasunori Matsunari®®; Kenji Nishio®; Midori Shima?; Fumiaki Banno’; Masashi
Akiyama’; Koichi Kokame?; Toshiyuki Miyata’; Mitsukiko Sugimoto!

*Department of Regulatoty Medicine for Thrombaosis, Nara Medical University, Kashihara, Japan; 2Department of
Pediatrics, Nara Medical University, Kashihara, Japan; 3Department of Intemal Medicine, Nara Medical University,
Kashihara, Japan; ‘Department of Pathology, Nara Medical University, Kashihara, Japan; *Department of
Anesthesiology, Nara Medical University, Kashihara, Japan; Department of General Medicing, Nara Medical
University, Kashihara, Japan; "Department of Molecular Pathogenesis, National Cerebral and Cardiovascular Center,

0saka, Japan

Dear Sirs,
Theadhesive protein von Willebrand factor
(VWF) playsan essential role on haemosta-
sis (1-3). However, excessive functions of
VWF could trigger thrombotic compli-
cations. To prevent this, the VWF-cleaving
protease ADAMTS13 negatively regulates
VWE function by reducing the size of VWF
multimers, thereby decreasing their throm-
bogenic potential (1-3). Since the VWF
function is dependent on shear stress (1-~4),
the relevance of ADAMTS13 may be more
pronounced in the microcirculation (5),
which is characterised by high shear stress
created by blood flow. Indeed, functional
deficiencies of ADAMTSI3 cause throm-
botic occlusion of the microvasculature,
e.g. arterial capillaries, resulting in throm-
botic thrombocytopenic purpura {3, 6).
Previously, we (7) and others (8, 9) re-
ported that ADAMTS13 deficiency aggra-
vates the extent of brain ischaemic strokein
a mouse model of ischaemia/reperfusion
injury by middle cerebral arterial occlu-
sion, suggesting that ADAMTS13 is neur-
oprotective. These studies demonstrated
that ADAMTS13 plays a beneficial role in
the microcirculation, which is critical for
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the preservation of organ functions, raising
the possibility that ADAMTS13 might also
play a role in coronary ischaemic events
such as myocardial infarction. We investi-
gated this possibility in an experimental
model of acute myocardial infarction in
ADAMTS13 gene deleted (Adamts13 -/-)
mice.

Adamts13-{- (KO) mice were generated
on C57BL/6 background by our study
group, as described (7, 10). All mice were
12-14 weeks of age, healthy, fertile, and had
body weights of 25-30 grams, Mouse ex-
periments were done according to proto-
cols approved by the Ethics Review Com-
mittee for Animal Experimentation of
Nara Medical University. Researchers were
blinded to the genotype of each animal
until all studies were completed. Experi-
mental acute myocardial infarction (AMI)
in mice was induced as previously de-
scribed (11). Briefly, following anesthesia
by diethyl ether inhalation and insertion of
a polyethylene tube into traches, the left
antetior descending coronary artery was li-
gated with a polyamide suture 2 mm from
the tip of the left auricle, under thoracot-
omy with ventilator-assisted respiration.
The same procedure without coronary ar-
tery ligation was performed in sham oper-
ations. In some experiments, recombinant
human ADAMTS13 (3 pg/mouse, equival-
ent to 2,800 U/kg) was injected intra-
venously in 30 minutes (min) after the op-
eration. This recombinant protein (desig-
nated as MDTCS) used was previously de-
scribed (12). In brief, MDTCS spans from
the metalloproteinase (M) domain to
spacer (S) domain {amino acid residues
75-685); it possesses VWF-cleaving activity
equivalent to whole ADAMTS13 molecule,

_.60_

as evaluated by the in vitro FRETS-VWEF73
assay (12, 13)

Seven days after the coronary artery li-
gation, mouse cardiac (left-ventricular)
function was evaluated by M-mode echoc-
ardiography. Subsequently, mice were sac-
rificed and their hearts were excised for his-
tological analysis of myocardial infarction,
as previously described (11). In brief, the
ventricles of excised hearts were cut into
1-mm. transverse slices and subjected to
2,3,5-triphenyltetrasolium chloride (TTC)
and Azan staining. After inspection of the
TTC specimens confirmed that myocardial
infarction was successfully induced in
mice, the “infarction ratio” was calculated
from the Azan specimens by computer-as-
sisted image analysis (analySIS software-
version 2007; Olympus Soft Imaging Sol-
utions). Infarction ratio was defined as the
ratio of the area with fibrin deposition, cor-
responding to the infarct, to the total area
of left ventricle.

Echocardiography revealed significantly
increased end-diastolic diameter of left
ventricle and reduced ejection fraction in
knock-out (KO) mice, compared to wild-
type mice, indicating that cardiac functions
are relatively poor in KO mice (»Fig. 1A).
In addition, histological studies revealed
significantly larger infarctions in myoc-
ardia of KO mice (»Fig, 1B). Intravenous
administration of recombinant human
ADAMTS]13 rescued the myocardial symp-
toms in KO mice (P Fig, 1). Thus, our re-
sults clearly indicate that as in brain is-
chaemic stroke, ADAMTS13 plays a role in
safeguarding the myocardium from coron-
ary artery ischaemia.

During the preparation of this manu-
script, a similar study by De Meyer et al.
(14} appeared, demonstrating a protective
effect of ADAMTS13 in mouse myocardial
infarction. Those authors used a protocol
for AMI induction somewhat different
from ours: their study (14) and all previous
brain stroke studies (7-9) employed a tran-
sient ischaemia/reperfusion model to ex-
perimentally induce ischaemia. By
contrast, our approach to AMI induction, a
persistent coronary artery ligation, repre-
sents a greater challenge regarding recovery
of organ function following ischaemic
damage, further highlighting the favorable
effects of ADAMTS13. The successful res-

© Schattauer 2012
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cue by recombinant ADAMTSI3 in our
more stringent systern, in which it was ad-
ministered just after the AMI induction,
may imply the therapeutic potential for pa-
tients with acute coronary syndrome. [n-
terestingly, our f{runcated recombinant
molecule (MDTCS) was found to be fully
effective in vivo, although the functional
relevance of carboxyl-terminal domains of
ADAMTS]3, lacking in MDTCS, was con-
troversial under flow conditions (15, 16).

The mechanisms underlying the benefi-
cial effects of ADAMTS13 on myocardium
remain poorly understood. As discussed in
the previous brain stroke study (7),
ADAMTS]13 possibly prevents the throm-
botic occlusion of microvasculature at the
post-ischaemic reperfusion stage. In light
of close associations between AMI and in-
flammation, the regulation of inflamma-
tory smechanisms (17) could be critically
involved in this regard. Indeed, De Meyer et
al, (14) demonstrated that the recombinant
ADAMTS13 infusion effectively reduced
the neutrophil accumulation within infarct
area, underscoring anti-inflammatory ef-
fects of ADAMTSI13.

Since the activity of VWF (14} as well
as ADAMTS13 (5) accelerates in a shear
stress-dependent manner, the down-regu-
lation of VWE-dependent inflammatory
responses by ADAMTS13, such as leuko-
cyte recruitment (17), is assumed to be
more crucial in the microcirculation sys-
tem, where blood flow creates a typical high
shear stress. The small vessels of the micro-
vasculature, such as arterial capillaries, can
be plugged even by a single leukocyte. Such
blockage could cause ischemic damage in
vital organs even in the absence of throm-
botic vessel occlusion by platelet aggregate
formation. In fact, our histological examin-
ation did not reveal any increase in the inci-
dence of thrombotic lesions in the micro-
vesscls in heart tissues of KO {results not
shown).

Our results demonstrate that proper
functional regulation of von Willebrand
factor-dependent thrombotic or inflam-
matory responses by ADAMTSI3 could
contribute to better local microcirculation,
which is crucial for healthy organ function.
These findings suggest that ADAMTSI3
may have therapeutic potential against
acute coronary syndromes.

© Schattauer 2012
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Figure 1: Evaluation of cardiac functions by echocardiography and histological evaluation in
wild-type (WT) or ADAMITS13 KO mice with induced myocardial infarction. Acute myocardial in-
farction (AMI} was successfully induced in 20 WT mice (9 male, 11 female) and 20 KO mice (10 male, 10
fernate). in another 26 KO mice (8 male, 12 female), recombinant human ADAMTS13 (3 ug/mouse) was
injected intravenously in 30 min after induction of AM} (KO-+hADAMTS13). Results of sham operation
in fiveWT mice (2 male, 3 female) are also included in the figure. A) Statistical analysis of M-mode echoc-
ardiography indicates that KO mice exhibited significantly {*p < 0.01) increased left ventricutar end-
diastolic diameter (LVDd; left panel) and decreased ejection fraction (right panel) compared to WT. Note
that the reduced cardiacfunctions observed in KO mice were improved by rhADAMTS13 injection, to be-
come compartable (N.S.; not signilicant) with those of WT mice. All data are expressed as mean £ stan-
dard deviation. Differences between two groups of data were evaluated by Student’s t-test. P-values <
0.05 were considered to denote statistical significance. B) Upper panels: representative microscopic im-
ages of transverse sections of ventricle subjected to Azan staining {original magnification; 20X, scale
bars, 1 ram). Vital heart tissue is indicted in red; fibrin deposition, corresponding to the infarct area, is
indicated in biue, in agreement with results of echocardiography, the infarction ratios {lower panet}, cor-
responding 1o the upper images, indicated that myocardial infarctions were significantly {(*p < 0.09)
larger in KO mice than inWT mice, but were reduced by thADAMTS13 injection, to become comparable
(N.5.} with those of WT mice.
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Dear Sirs,

Vitamin K antagonists (VKAs) are increas-
ingly used in children. Data on dosing,
safety and efficacy in paediatric patients are
lirnited and mostly concern warfarin (1-3).
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Only one study prospectively investigated
the initial and maintenance dosages of ace-
nocoumarol in children, and no study
about phenprocoumon is available (2). Asa
consequence, treatment recommendations
are usually based on adult guidelines. We
performed this multicenter retrospective
cohort study to evaluate initial and main-
tenance dosages of phenprocoumon and
acenocoumarol in various paediatric age
groups, and to describe the treatment
quality, efficacy and safety of both VKAs.
We studied 163 consecutive children
aged 0 to 18 years treated with phenpro-
coumon or acenocoumarol in the Leiden
University Medical Center (LUMC), Aca-
demic Medical Center (AMC) in Amster-
dam and the anticoagulation clinics in
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Leiden, Amsterdam and Rotterdam be-
tween January 1998 and May 2009. Data
were coliected from medical records and
databases, To study the pharmacody-
namics, two therapeutic international nor-
malised ratio (INR) ranges (therapeutic
range, TR) were used: INR 2.0 to 3.0 and
INR 2.5 to 3.5. These ranges were based on
international  recommendations  for
children, which did not change during the
ten-year study period (4, 5). To achieve and
maintain these TRs, the anticoagulation
clinics aimed for a slightly higher INR
range (2.0 to 3.5 and 2.5 to 4.0, respect-
ively). Treatment quality included: i} time
to achieve TR, ii) number of INR tests and
jii) dose changes, and (4) time spent within
the TR. The percentage time spent within
the TR was measured by linear inter-
polation, assuming that the INR values
vary linearly between two INR control mo-
ments {6-8). This is considered from 14
days before an INR measurement up to 14
days after the INR measurement. If the in-
terval between two INR measurements ex-
ceeded 28 days, the INR was considered not
predictable for the middle part of this inter-
val. The number of days that exceeded the
interval of 28 days was considered as per-
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Summary. The evaluation of the coagulation profile has
used so far either clotting-based or chromogenic assays
with different endpoints. Clotting-based techniques are
the most used worldwide, and they certainly are useful
for diagnosis of clotting factor deficiencies. However,
the information provided is relatively limited, and
therefore the individual profile of coagulation is poorly
assessed. This is reflected by the weak correlation
between the results of these assays and the clinical
phenotype. Among the assays that benefited from
technological advances, thrombin generation and
thromboelastography are probably the most actively
investigated, but they require specific instruments and
are not fully automated. Their standardisation level is
rapidly progressing, and they are progressively entering
the clinical scene, with the attempt to provide additional
information on the coagulation process and a meaning-
ful clinical correlation. These inherited bleeding disor-
ders frequently require replacement therapy using

clotting factor concentrates that increase the plasma
level of the missing -clotting factor. The classical
adjustment of the therapy is mainly based on the
measurement of the plasma clotting activity of the
protein administered. If one considers that a certain
level of thrombin generated would predict clinical
efficacy, monitoring of thrombin formation might offer
new possibilities to individually predict the bleeding
phenotype, select the most adapted therapeutic product
and tailor the dose. The same holds true for thrombo-
elastography/thromboelastometry which evaluate fibrin
formation as well as clot resistance to fibrinolytic
challenge, one step further down in the coagulation
process. In this regard, these 2 assays could be seen as
complementary in terms of information provided on the
coagulation profile at the individual level.

Keywords: aggregation, bleeding disorders, dense granule
release, platelet function

Introduction

Clot waveform analysis represents another assay for
assessing global clotting function. It is based on the
continuous monitoring of light transmittance or absor-
bance during routine coagulation tests such as the
activated thromboplastin time and the prothrombin
time. During clot formation in these assays, changes in
light transmittance are analyzed by continuous mea-
surements and are designated the clot waveform. This
assay has been applied not only for diagnosis and
evolution of sepsis, but also in the field of inherited
bleeding disorders. Among its interests is the fact that it
could be used on several coagulation instruments with a
dedicated software.

However, the correlation of the parameters deduced
from these various global clotting assays with in vivo
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bleeding phenotype and the clinical response to thera-
petitic agents still requires further clinical studies on
larger cohorts. If haemophilia has been mainly studied
so far, relatively little is known for the rare inherited
coagulation disorders. In this regard, specific informa-
tion should be provided in the near future.

Platelet inherited function defects also contribute to
the aetiologies of bleeding disorders, with usually a
slightly different clinical phenotype. The investigation
of these platelet defects mainly uses light transmittance
aggregometry in response to various agonists and dense
granule release assays. They are relatively commonly
performed, but the standardisation of the concentra-
tions of each agonist is important for establishing
proper diagnosis of the platelet defect. In addition,
careful evaluation of the modification of the aggregation
curves in response to one or multiple agonists should be
considered for detection of common platelet function
defects. The detection of platelet release abnormalities
uses dense granule adenosine triphosphate evaluation.
Because ATP release shows significant variability,
abnormalities in platelet function ‘should be confirmed
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on another sample. Implementation of recommended
guidelines using validated reference intervals for max-
imal aggregation and quality assurance should ensure
an improved diagnosis of platelet function disorders
which should limit the risk of false positive or negative
findings. )

Thrombin generation assay

Haemostasis is a dynamic process that involves both
several plasma proteins and cellular components
interacting in a highly complex system that leads to
fibrin clot formation. The complexity of the haemo-
static system is associated with highly variable
responses of patients to haemostatic challenges. To
reliably determine the haemostatic profile of a patient
may be highly relevant for tailoring therapies to the
individual needs of each given patient with bleeding
disorders. Routine coagulation assays, which use the
formation of detectable fibrin as end point, have
limited usefulness in evaluating the clinical outcome
of patients with bleeding risk. The reasons of the
phenotypic heterogeneity are not fully understood.
The co-inheritance of thrombophilia factors or in-
creased levels of other coagulation proteins might be
responsible for variations of the bleeding phenotype
[1-3]. Thrombin generation tests measuring the final
enzymatic product of the coagulation system, thus
taking into account not only factor VIIVIX levels but
also the activity of other coagunlation factors, inhib-
itors and the effect of platelets may better correlate
with the clinical haemostatic profile of patients [4,5].
A correlation between thrombin generation test results
and clinical bleeding phenotype has already been
reported by several groups. It has been reported that
patients with haaemophilia and severe clinical bleed-
ing tendency have a low thrombin generating capacity
(endogenous thrombin potential, ETP < 50% of nor-
mal), independently of their fVII/fIX levels [6-8]. A
recent case-control study showed that ETP measure-
ment in platelet-rich plasma was able to identify
patients with severe haemophilia but with a mild
clinical phenotype [8].

The development of an inhibitor in patients with
haemophilia renders treatment and prevention of
bleeding episodes more challenging. The optimal use
of bypassing agents is hampered by a lack of labora-
tory assays to evaluate and monitor therapeutic
efficacy of these drugs and determine adequate dosing.
The capability of determining most effective therapeu-
tic option and the optimal individual dose of bypassing
agents for a given patient would represent a major
advance [9-12]. A recent prospective assessment of the
thrombin generation test for monitoring the coagula-
tion induced by rfVIla and activated prothrombin
complex concentrate {aPCC) showed a correlation
between thrombin generating capacity and clinical
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outcome of patients with inhibitors in ten elective
surgeries [13]. In this study, dose tailoring of bypassing
agents was performed using a standardized three-step-
protocol including (i} in wvitro spiking experiments
evaluating the thrombin generation ability of increas-
ing concentrations of rfVIla and aPCC in order to
determine the minimal dose of each bypassing
agent that normalizes thrombin generation capacity
{Fig. 1A}; {ii} ex vivo confirmation step where throm-
bin generation is measured before and after the
administration of the bypassing agent which fully
normalized in-vitro thrombin generation {Fig. 1B)
and {iii) monitoring of the chosen dose of the bypass-
ing agent during the surgery and postoperative period
(Fig. 1C).

Another potential interest of thrombin generation
measurement in haemophilia might be represented by
individual tailoring of prophylaxis regimens. Two
pilot studies reported promising results showing that
24 h after factor replacement therapy, patients having
similar fVIII levels might have significantly different
thrombin generation capacity [6,14]. Furthermore,
pilot data have illustrated that the three step protocol
previously used in surgical setting might be helpful to
individually tailor prophylaxis regimen of patients
with severe haemophilia and inhibitors [15). How-
ever, these hypotheses need to be prospectively
investigated.

Evaluation of the clinical bleeding risk of patients
with hereditary factor X1 deficiency s another challenge
for haemarologists. Most patients with £XI deficiency
are mild bleeders, but it has been recognized that
patients with similar £XI activity may exhibit different
bleeding phenotypes. Routine laboratory assays such as
measurement of fXI clotting activity is crucial for
establishing the diagnosis, but does not correlate with
the individual bleeding risk of patients. A recent study
assessing thrombin generation capacity of patients with
fXI deficiency reported a dramatic impairment of
thrombin generation in patients exhibiting severe bleed-
ing tendency and patients having unusually good
thrombin generation profiles were associated with a
less severe bleeding phenotype, independently of their
£XT level [16].

Over the last decade, a large number of pilot studies
assessing thrombin generation tests have reported
promising data in the field of bleeding disorders. There
is now sufficient translational research data demon-
strating the potential interest of the assay in clinical
settings, as well as in clinical trials to test its correlation
with the clinical outcome of patients. A working party
of the ISTH fVII/AIX SSC is currently expending
tremendous efforts to standardize the assay [17,18]
and will be making recommendations for the use of
thrombin generation assays in bleeding disorders, which
is a crucial step before bringing the test into clinical
haematology laboratories.

© 2012 Blackwell Publishing Ltd
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Whole blood thromboelastometry

The metbod

As of today, the traditional thromboelastographic princi-
ple introduced by Hartert [19] has been adopted in
computerized version of the TEG® apparatus manufac-
tured by Haemoscope® and a modified version was
introduced in 1996 by Calatzis today named thrombo-
elastometry (ROTEM®) [20] in which the pin oscillates
instead of the cup. A ball bearing focusing the pin
apparently makes the ROTEM® less sensible for move-
ments. Boththe TEG® and the ROTEM® provide a digital
signal allowing for additional computation of the contin-
uouscoagulationsignalleading tothe derivation of several
quantifiable parameters (Figs 1A and B).

TEG or ROTEM allows a continuous assessment of
the viscoelastic properties of a forming clot. Both
devices consist of a cup into which the sample (whole
blood, platelet-rich or —poor plasma) and reagents are
placed, and a pin which sits in the center of the cup
when the device is running. In the ROTEM® device
the pin is oscillating, whereas the cup is the moving
part in the TEG®. Clot formation reduces movement
of the pin and this is electronically registered and

visualized on a computer providing a coagulation
signal similar to that of the traditional thromboelas-
tography (Fig. 1A).

Table 1 lists currently recommended pre-analytical
and analytical procedures for performing thromboelas-
tometry measurements,

Complementary additional information on
overall haemostatic capacity

Each of the currently available assays reflects a part of
the haemostatic process. Thrombin generation mea-
surements are excellent in providing detailed informa-
tion on the kinetic pattern of thrombin generation. In
contrast, whole blood thromboelastometry reflects
process downstream of thrombin generation, thus
the integrated action of fibrin polymerisation and
platelet activation and their contributions to the
establishment of a three dimensional clot structure.
Furthermore, the formed clot can be challenged with
tissue plasminogen activator and clot stability can be
tested for resistance to accelerated fibrinolysis. Hence,
whole blood viscoelastic measurement is seen as a
complementary test to the elsewhere described throm-
bin generation methods. .
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Fig. 1. A representative case illustrating the use of the three-step protocol.
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