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Figure 4: Infused rFVIIl enhances thrombus
formation in rabbit jugular vein. A) Repre-
sentative light microphotographs of venous
thrombi 1 h after endothelial denudation with or
without rFVIII infusion. B) Area with thrombi
formed in rabbit jugular veins 1 h after endothe-
lial denudation. Recombinant human FVill was
infused just before endothelial denudation (*p <
0.0001, n = 16 sections each). C) GPlib/llla and
fibrin immunopositive areas in thrombi of jugu-
lar veins. Thrombi were immunochemically
stained using anti-GPlIb/llla and anti-fibrin anti-
bodies (*p < 0.0001, n = 16 sections each).

D) Recombinant human FVIIf in venous thrombi
localised by staining with anti-human FVIII anti-
body.
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Figure 5: Thrombin, TF, FXI, and VWF are
required for thrombus formation enhanced
by rFVIll in rabbit jugular veins. A) Represen-
tative light microphotographs of venous thrombi
1 h after endothelial denudation that proceeded
immediately after infusions of rFVIIl and in-
hibitor of thrombin, TF, FXI and VWF.

Recombinant human FVIII did not affect platelet
aggregation

To determine whether rFVIII directly affects platelet function, we
assessed the effect of rFVIII on rabbit platelet aggregation initiated
by collagen, ADP, botrocetin or thrombin. Recombinant FVIII did
not affect platelet aggregation induced by these agents (B>Figure
3).

Recombinant human FVIlI did not affect vascular wall
thrombogenicity

To determine whether rFVIII directly affects venous wall throm-
bogenicity, we measured TF activities in rabbit jugular veins 1 h
after rFVIII infusion. Rabbit plasma clotting time initiated by the
jugular vein homogenate did not differ regardless of rFVIII infu-
sion (104 + 32 or 108 + 25 seconds, respectively, p = 0.82, n =6
each). Levels of TF antigen were 156 + 20 pg/ml in the venous wall
(n =5), but undetectable in rabbit plasma.

Thrambosis and Haemostasis 110.1/2013

Recombinant human FVIII increased thrombus size in
rabbit jugular veins 1 h after endothelial denudation

To determine whether high plasma levels of FVIII promote venous
thrombus formation, we histologically assessed rabbit jugular
veins after rFVIII (100 IU/kg) infusion. Endothelial denudation
caused by balloon insertion induced the formation of small mural
thrombus, whereas balloon insertion together with rFVIII (100
[U/kg) infusion enhanced venous thrombus formation (¥ Figure
4A) and 11 of 24 jugular veins (46%) became occluded within 1 h.
The mean thrombus areas was about 200-fold larger in the rFVIIL,
than in the control group (B Figure 4B). The rFVIII infusion
alone did not induce either endothelial denudation or thrombus
formation.

All venous thrombi were immunopositive for both GPIIb/IIla
and fibrin, and the rFVIII infusion increased both GPIIb/I1Ia and
fibrin immunopositive areas in thrombi (B Figure 4C). The ratio
of GPIIb/IIa and fibrin immunopositive to thrombus areas did
not differ between the rFVIII-infused and control groups. Throm-
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formed in rabbit jugular veins 1 h after endothe- 0.0
lial denudation (*p < 0.0001 vs rFVIIl group, n =
16 sections each). C) GPllb/llla and fibrin immu-
nopositive areas in thrombi of jugular veins (*p
< 0.0001 vs rFVIil group, n = 16 sections each).
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bi were immunopositive for human FVIT in the rFVIII-infused,
but not in the control group (B Figure 4D).

Thrombin, TF, FXI, and VWF are required for venous
thrombus formation enhanced by rFVIii

We infused rabbit jugular veins with the thrombin inhibitor ar-
gatroban, or anti-TF, anti-FXI, or anti-VWF antibodies immedi-
ately before endothelial denudation to evaluate the contribution of
thrombin, TE FXI, and VWF to venous thrombus formation en-
hanced by rFVIIL All of these agents suppressed venous thrombus
formation within one hour of endothelial denudation (¥ Figure
5A-C).

© Schattauer 2013

Thrombin, FXI and VWF are required for FVIi-driven
venous thrombus growth but not TF

We assessed the contribution of these thrombotic factors during
thrombus propagation in rabbit jugular veins using ICG fluor-
escence imaging. B Figure 6B shows representative images and
corresponding fluorescence intensity 15 min after endothelial de-
nudation in the control and rFVII-infusion groups. Fluorescence
emission elicited by ICG in each ROI immediately disappeared in
the control group after the ICG infusion (¥ Figure 6B and C;
Suppl. Movie 1, available online at www.thrombosis-online.com),
but persisted in jugular veins due to ICG incorporation by thrombi
in the rFVIII group. Thus the fluorescence intensity was signifi-
cantly higher in the rFVIIL, than in the control group (B Figure 6B
and C, Suppl. Movie 2, available online at www.thrombosis-online.
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Figure 6: Fluorescence intensity of ICG at 15 min after endothelial
denudation. A) Four ROIs (yellow, green, blue, and pink frames) were set at
regular intervals on rabbit jugular vein before rFVil infusion. One adjacent
ROI (white frame) was set beside ROIs as background. B) Fluorescent images

com). B> Figure 7 shows the average fluorescence intensity in ROIs
before and after endothelial denudation in each group. Fluor-
escence emission gradually became more intense in the rFVIII-in-
fused group, but did not change in the control group. We investi-
gated the relationship between fluorescence intensity and throm-
bus formation by comparing fluorescence intensity in ROIs with
thrombus size in corresponding histological sections. The ratio of
ICG fluorescence intensity to the background positively correlated
with thrombus area (r = 0.84, p < 0.0001, n = 4).

Thrombosis and Haemostasis 110.1/2013

at 15 min after endothelial denudation and at 15 sec after ICG infusion with
saline (left) or 100 1U/kg of rFVIll (right). C) Ratio of fluorescence intensity in
ROIs to background after infusing ICG into saline (open circles) and rFVili
(closed circles) groups (*p < 0.05 vs control, n = 4 each).

We administered argatroban, anti-TE anti-FXI or anti-VWF
antibodies when fluorescence intensity exceeded three-fold the
background level to evaluate the role of thrombin, TE FXI and
VWEF during venous thrombus propagation in the presence of
high FVIII levels. At this point thrombi occupied about one sixth
of the area of the vessel lumen. The amount of time taken to infuse
argatroban, anti-TF, anti-FXI and anti-VWF antibodies did not
significantly differ (11 +6, 15 £6, 13 + 3, and 14 + 5 min, respect-
ively). An infusion of argatroban or anti-FXI antibody initially
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prevented the increase in the fluorescence intensity, and then grad-
ually reduced the intensity (Suppl. Movies 3 and 4, available online
at www.thrombosis-online.com). Anti-VWF antibody also sup-
pressed the increase in intensity, but to a lesser extent than argatro-
ban or anti-FXI antibody (B>Figure 8A), whereas anti-TF anti-
body did not affect fluorescence intensity (B>Figure 8A, Suppl.
Movies 5 and 6, available online at www.thrombosis-online.com).
These findings indicate that argatroban and antibodies for FXI or
VWF significantly suppressed thrombus propagation, whereas
anti-TF antibody did not. Histological and immunohistochemical
studies also showed that argatroban and antibodies for FXI or
VWEF significantly reduced areas of thrombus, platelet (GPIIb/
Ila) and fibrin in thrombus 1 h after endothelial denudation.
Anti-TF antibody slightly suppressed thrombus and fibrin areas,
but the difference did not reach significance (B>Figure 8B and C).

Discussion

The present findings showed that elevated levels of FVIII enhance
thrombin generation in plasma and promote thrombus formation
and propagation in the injured jugular veins of rabbits. Thrombin,
FXJ, and VWF also significantly contributed to thrombus propa-
gation.

Studies have historically focused on a deficiency of FVIII in pa-
tients with haemophilia associated with a significant bleeding
diathesis. However, increasing evidence suggests that high plasma
FVIII levels might constitute a clinically important risk factor for
thrombosis. Several cohort and case-control studies have confirm-
ed a high prevalence of elevated FVIII levels and coagulant activ-
ities in patients with DVT or PE and that the increased risk of VTE
is dose-dependent upon plasma FVIII levels (3-5, 24, 25). Al-
though levels of plasma FVIII activity widely vary, they are signifi-
cantly higher in patients VTE than controls (200.1 + 75.9% vs
151.9 + 57.7%) (9). The present study found that an infusion of
rFVIII elevated rabbit plasma FVIII activity to 200%. This increase
is within the range of controls and patients with DVT and corre-
sponds to a five-fold increase in the risk of DVT (3). The aPTT of
the rabbit decreased by 60 min, and normalised 120 min after
rEVIII infusion. Although the reason is obscure, it could be due to
the sensitivity of the aPTT assay and interspecies differences with
respect to the half-life of rFVIIL. Only normal rabbits were in-
cluded in this study, which might have made shortening the aPTT
difficult. The half-life of rFVIII varies according to species, being
4.1,5.5 and 15.8 h in mice, rats, and humans, respectively (26).

High plasma levels of FVIII promote venous thrombosis and
FVIII inhibition reduces venous thrombosis in mice model with
FeCl;-induced thrombosis (11, 12). However, the FeCl;-injury
model is to a large extent dependent on blood platelet activation
and venous wall injury. Machlus et al. reported that elevated FVIII
did not affect carotid arterial thrombus formation after extensive
vascular damage caused by FeCl; (12). Slow or static blood flow
together with endothelial injury comprises a fundamental risk fac-
tor for DVT. We therefore used a more accurate model of DVT pa-
thophysiology and found that high FVIII levels enhanced venous
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Figure 7: Ratio of ICG to background fluorescence intensity before
and after endothelial denudation. Saline (open circles) or 100 1U/kg of
rFVIIl (closed circles) was infused immediately before endothelial denud-
ation. This graph shows average fluorescence intensity before, and 5, 15, 30,
45 and 60 min after endothelial denudation (*p < 0.01 vs control, n = 4
each).

thrombus formation and propagation. The results also indicated
that endothelial denudation alone is insufficient to generate large
thrombi even under slow flow, and that combination with a hyper-
coagulability state is essential for thrombus formation resulting in
overt VTE/PE.

A cohort study demonstrated that persistently high FVIII activ-
ity actually increased thrombin generation in patients with DVT
(27). The present study found that infused rFVIII increased whole
blood coagulation and total plasma thrombin generation, but did
not affect the initiation time of thrombin generation. Elevated
FVII activity might contribute mainly to the propagation of
thrombin generation. The rFVIII did not affect platelet aggre-
gation by thrombin in vitro (B>Figure 3). The direct effect of
rFVIII on platelet aggregation is less likely and excess thrombin
generation enhanced by rFVIII plays a critical role in venous
thrombus formation and propagation in our model.

FVIII is recruited by binding to VWF on surfaces comprising
collagen and thrombus (28). We previously reported that FVIII co-
localises with VWF in venous thrombi of patients with DVT and
that FVIII inhibition reduces thrombus formation under low shear
conditions in vitro (10). Interrupting VWE-platelet interaction
prevents venous thrombus formation in rabbit and mouse models
of DVT (29, 30). A shortage of VWF also reduces FeCl;-induced
thrombus formation in mesenteric venules, and rFVIII infusion in
mice does not restore thrombus stability (31). These lines of evi-
dence suggest that VWF plays an important role in FVIII-driven
venous thrombus formation. The present study showed that anti-
VWF antibody, which interrupts interactions between VWF and
GPlba, suppressed venous thrombus formation under high FVIII
levels (B> Figure 5A-C). As reported (32), a blockade of VWF and
GPIba interaction abolished platelet adhesion on a collagen sur-
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Figure 8: Thrombin, FXI and VWF, but not TF
are required for thrombus growth after
mural thrombus formation in rabbit jugular
vein. A) Venous growth was monitored over
time as fluorescence intensity of ICG after
endothelial denudation with rFVIll infusion.
Argatroban, anti-TF, anti-FXI and anti-VWF anti-
bodies were infused when average fluorescence
intensity of ICG exceeded three-fold back-
ground. Differences in average fluorescence
intensity of ICG before inhibitor administration
and 1 h after endothelial denudation are evident
(*p < 0.05, tp < 0.01, #¥p < 0.0001, n = 4 each).
B) Representative light and immunohistochemi-
cal microphotographs of venous thrombi. Ad-
ministration of argatroban, anti-FXI, and anti-
VWF antibodies after mural thrombus formation
reduced further thrombus formation enhanced
by rFVIit infusion.
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face at a high, but not at a low shear rate, indicating that VWE
might recruit FVIII on the surface of platelets but not of collagen
under conditions of venous flow. This antibody also significantly
suppressed venous thrombus propagation, but to a lesser extent
than argatroban and anti-FXI antibody (B-Figure 8B and C).
These results suggest that VWF-platelet interaction contributes
principally to the initiation and somewhat to. propagation of ve-
nous thrombus under high FVIIT levels.

FXI is generally considered to be less important in normal
haemostasis, because a bleeding tendency is mild or absent in pa-
tients with an inherited or acquired FXI deficiency (33, 34). How-
ever, recent studies indicate that FXI is activated during blood co-
agulation and that even small amounts of FXI induce thrombus
growth by generating thrombin and by protecting thrombi from fi-
brinolysis via thrombin activatable fibrinolysis inhibitor (35, 36).

© Schattauer 2013

Therefore, FXI apparently plays a significant role in thrombus
growth and stability. Animal studies using FeCl;- or vessel clamp-
induced venous thrombosis models have shown that FXI plays a
crucial role in thrombus propagation and stability (37-39). We and
others (20, 40) have also demonstrated that FXI contributes to ar-
terial thrombus propagation rather than to initiation. The present
study found that anti-FXIa antibody reduced venous thrombus
formation and propagation. FXI is mainly activated by thrombin
and FXIa but not by factor XII on negatively charged surfaces (41).
As thrombin generation is significantly promoted under high
FVII levels, FXla could largely contribute to the initiation of
thrombus formation as well as thrombus propagation in venous
thrombosis.

Although studies have shown that TF contributes to venous
thrombus formation and propagation (42, 43), the source of TF in
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What is known about this topic?

e Elevated plasma FVIiI levels are associated with an increased risk
of deep venous thrombosis.

e However, whether elevated FVIil levels promote venous thrombus
formation and/or propagation, and its association WIth other co-
agula‘uon factors in vivo remam unclear.

What does this paper add7

e Elevated plasma levels of FVIIl enhance venous thrombus
formation and propagation.

e Excess thrombin generation by FXI and VWF-mediated FVIII re-
cruitment mlght contnbute to FVill- dnven ven us thrombus
growth ~ v

venous thrombosis remains obscure. Mice with a severe TF deficien-
cy have impaired thrombus formation after inferior vena cava li-
gation (44). Transplanting wild-type mice with low-TF bone mar-
row does not suppress venous thrombus formation and transplant-
ing wild-type marrow into such mice does not accelerate thrombosis
(44). This indicates that vascular wall TF rather than circulating TF
is critical for venous thrombus formation. On the other hand, Von
Bruhl et al. reported that TF derived from myeloid leukocytes con-
tributes to venous thrombosis initiated by restricting blood flow in
the inferior vena cava (45). In addition, TF derived from haemato-
poietic cells or neutrophils was responsible for thrombus formation
and propagation in a laser-induced arteriolar injury model (46, 47).
We found here that anti-TF antibody reduced the formation, but not
the propagation of thrombus even in the presence of high FVIII lev-
els. Plasma TF protein was undetectable in the rabbits and TF in-
hibition in blood did not affect whole blood coagulation (data not
shown). Our results suggest that venous thrombus formation in this
model mainly depends on venous wall TF rather than blood-derived
TE These controversial results could be due to differences among
triggers of venous thrombus formation (endothelial denudation,
vessel ligation, flow restriction or laser-injury), flow condition (ab-
sence, presence or restriction), and vascular bed (jugular vein, in-
ferior vena cava, or arteriole).

Venous thrombi have been created in various animal models.
Ferric chloride (48) and electrolytic model (49) are reproducible,
but such chemical and physical reactions are far removed from the
actual pathophysiology of DVT. Vein ligation with or without en-
dothelial denudation (19, 50) allows the assessment of interaction
between the venous wall and progression from acute to chronic
thrombus, but has a disadvantage for evaluating the efficacy of
therapeutic agents. The vein stenosis model (30) can form laminar
thrombus in the presence of blood flow and mimics the clinical
situation, but it has the disadvantage of variations in thrombus size
and stability. Endothelial denudation without flow restriction in-
duces small venous, but not occlusive thrombi. We applied this
model to evaluate thrombus propagation under conditions of elev-
ated FVIII levels.

Thrombosis and Haemostasis 110.1/2013

In conclusion, our results suggest that elevated plasma levels of
FVIII enhance venous thrombus formation, and that excess
thrombin generation by FXI and VWF-mediated FVIII recruit-
ment might contribute to FVIII-driven venous thrombus growth.
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Current national and international status of supportive therapy
for the coagulopathy associated with L-asparaginase containing
regimen for acute lymphoblastic leukemia
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We investigated supportive therapy against coagulopathy associated with L-asparaginase treatment in patients with
acute lymphoblastic leukemia who were enrolled in the Japanese Pediatric Leukemia/Lymphoma Study Group JPLSG®),
Japan Adult Leukemia Study Group (JALSG), and foreign institutes. Fresh frozen plasma (FFP) was administered as a
supplement in 46% patients in the JPLSG and 869 in the JALSG. The threshold level of FFP infusion was less than 100
mg/d! plasma fibrinogen in 70% of the JALSG and 20% of the JPLSG, while in another 20% of the JPLSG, FFP was
administered when the fibrinogen level was less than 50 mg/d!. The preventive use of antithrombin products (AT) was
prescribed in 93% of the JPLSG and 63% of the JALSG: The threshold level of AT supplementation was less than 709 of
plasma antithrombin activity, which was similar in both groups. Most foreign institutes do not routinely use FFP or AT.
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PERINATAL/NEONATAL CASE PRESENTATION

Neonatal asphyxia and renal failure as the presentation
of non- mherlted protein C deficiency
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Introduction

Protein € (PC) is a vitamin X-dependent serine protease zymogen
produced by the liver. The anticoagulant factor is activated by the
thrombin (factor Tla: Flla)-bound thrombomodulin expressed

on the endothelium. Activated PC (aPC) inactivates F¥a 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,
macrophages, 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 PC 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 about 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 5min, 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 labor 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. Gomplete 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 9.47 mgdl™" and slowly decreased. The activated protein € (aPC) therapy further improved
platelet counts, p-dimer and creatinine levels. PIVKA-I, protein induced by vitamin X absence or antagonists-I[; PS, protein S; thANP, recombinant human atrial

natriuretic peptide.

7.540 x 10°1™", hemoglobin 9.9 gdl™", platelets 69 x 10”17,
fibrinogen 103 mgdl™", prothrombin time-INR 1.56, activated
partial thromboplastin time 48.1s, fibrinogen degradation products
15.0 pg ml ™" and p-dimer 7.9 pgml ™" Antithrombin activity was
47%, thrombin—antithrombin complex was 73ngml™" and
plasmin o2—antiplasmin complex was 2.5 ugml™". C-reactive
protein concentration was 0.13 mgdl ™", Serum levels of
creatinine (7.54mgdl™"), urea nitrogen (59mgdi™"), uric acid
(22.5mgdl™"), aspartate aminotransferase (113U17"), alanine
aminotransferase (345U1™Y) and creatinine kinase (904U1™")
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 volure slowly increased. Serum creatinine levels at the peak
of 9.47 mgdl™" on day 15 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 affer 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

Journal of Perinatology

activity was 53%. Protein induced by vitamin K absence or
antagonists-11 levels (PIVKA-II; 13 mAU mi™! m <40) and FVII
activity (75%, rr; 75—140) were normal. These findings indicated
the type 2 PG-deficient heterozygote. Administration of human
plasma-derived aPC (Anact C; a bolus infusion of 50 Ukg™

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

7 days, The Chemo-Sero-Therapeutic Research Institute,
Kumamoto, Japan) led to the drastic increase of platelet counts,
undetectable p-dimer and decreasing creatinine levels. Magnetic
resoniance 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 0.87 mgdl™" 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 thrombophilias >
Neonatal PF is the hallmark of severe PC deficiency (<0.01 Uml™
or <1% of PC activity). Heterozygous PC-deficient infants are at

1
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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 et af’ 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, aortic and cerebral sites. They further evaluated PC, p-dimer
and other regulatory proteins in 164 newborn infans. 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 PG deficiency arises from 4 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 FVIT activity. [t may raise the possibility that
a 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,
penome-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 ischemic 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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Background: Thrombocytosis and thromboembolic complications occur after splenectomy. However, there is
no previous report investigating the presence of thrombocytosis and its association with thromboembolic
events in patients having asplenia syndrome with congenital heart disease.

Methods: Enrolled were 161 consecutive patients with functionally single ventricle who underwent cardiac
catheterization between 1997 and 2010. They were divided into two groups: patients having asplenia
(Group A, n=46) and patients having no asplenia (Group B, n=115). Aspirin therapy was employed in all

K rds: . Loy . R . .
T;{;Vno,:bg cytosis patients after surgical interventions except for pulmonary artery banding. We retrospectively reviewed the
Asplenia platelet counts at each seven stage of cardiac catheterization (for pre- and postoperative evaluation of the

first palliation, Glenn operation, and Fontan operation, and for late evaluation after Fontan operation), inci-
dence of thromboembolic events, and other possible risk factors for thromboembolism.

Results: 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 also
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 first cardiac catheterization was
associated with thromboembolic complications (Odds ratio 3.17; p=0.046).

Conclusions: Persistent thrombocytosis is present in patients with asplenia syndrome. It may greatly contrib-
ute to the development of thromboembolism during the management of congenital heart disease than
expected.

Congenital heart disease

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction are often experienced before and after the completion of Fontan oper-

ation [6].

Post-splenectomy thrombocytosis is reported to be a predisposing
factor for thromboembolism. Thromboembolic 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 thrombosis [1-3]. Such thrombotic events could be
observed 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
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There are a few reported cases with secondary thrombocytosis
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 significance of
thrombocytosis and its impact on thromboembolic events in patients
with congenital heart disease and asplenia.

2. Materials and methods
2.1. Patients

A total of 161 consecutive patients with functionally single ventricles who under-
went cardiac catheterization at Kyushu University Hospital and Kyushu Koseinenkin
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Table 1
Patient characteristics.

[PT-INR] 1.5-2.0) for 1 year following Fontan operation; and only aspirin after 1 year
following Fontan operation.
The diagnosis of asplenia syndrome was determined based on the presence of

Group A Group B Howeli-Jolly bodies in the peripheral blood smear and the absence of spleen assessed
(n=46) (n=115) by computed tomography (n=231) and/or ultrasonography (n==46). The diagnosis of
thromboembolic complications was determined using objective methods when they
Anatomy of the congenital heart disease were suspected by clinical manifestation or when they were coincidentally found by
SRV 19 13 the regular examinations. BT shunt malfunction was defined as shunt occlusion or ste-
AVSD 14 6 nosis which needs catheter intervention or surgery, assessed by computed tomography
DORV 7 23 or cardiac catheterization. Cerebral infarction was diagnosed by computed tomography
SLV 2 15 or magnetic resonance imaging. Diagnosis of venous thromboembolism was made by
CCTGA 2 13 ultrasonography, computed tomography, or venography.
TA 4} 19
PAIVS 0 10
HLHS 0 8 3. Methods
MA 0 5
Others 0 3 We retrospectively reviewed the medical records of all 161 patients to
Age 7 years 7 years determine (i) the platelet counts at each seven stage of cardiac catheter-
(6 months~13 years) (4 months-13 years) L - Lo . ..
Sex M/F=22/24 M/F=57/58 ization; (ii) the incidence of thromboembolic complications; and (iii)
First palliation other clinical data that may be possible risk factors for thromboembolic
Blalock-Taussig shunt 38 (83%) 66 (57%) Comp]jcations in each group.
Pulmonary artery banding 8 (17%) 41 (36%) For the purpose of elucidating the association between platelet counts
Norwood operation 0 (0%) 8 (7%) . . . .
Survival 33 (72%) 107 (93%) and thromboembolic events, we investigated the sequential changes of

SRV: single right ventricle, AVSD: atrioventricular septal defect, DORV: double outflow
right ventricle, SLV: single left ventricle, CCTGA: congenitally corrected transposition of
the great arteries, TA: tricuspid atresia, PAIVS: pulmonary atresia with intact
ventricular septum, HLHS: hypoplastic left heart syndrome, MA: mitral atresia.

Hospital between 1997 and 2010 were enrolled in this study. No patients had any fam-
ily history of thrombophilia. The patients were divided into two groups: patients hav-
ing asplenia syndrome (Group A, n=46) and those having no asplenia syndrome
(Group B, n==115). Patient characteristics of each group are shown in Table 1.

All patients underwent staged surgical procedures. Initial palliation included
Blalock-Taussig (BT) shunt, pulmonary artery banding or Norwood operation as need-
ed. The second stage operation was a bidirectional Glenn cavopulmonary connection
performed on cardiopulmonary bypass. The third stage operation was Fontan opera-
tion using expanded polytetraflorethylene vascular graft as an extracardiac conduit.
Fenestration was only performed for two patients with high pulmonary vascular resis-
tance. All patients received cardiac catheterization for pre- and postoperative evalua-
tion of each surgical procedure and for late evaluation after Fontan operation (Fig. 1).

Postoperative 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

Group A

First palliation
n=46
36 * 26 days; 3.2 * 0.6kg

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 logistic 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 continuous
variables by using clinically important cutoff points. Univariate and

Cardiac
catheterization

Group B

L

First palliation
n=115
33 * 28days;3.3% 0.8kg

Died Waiting Glenn Died Waiting Glenn
n=9 n=3 n= 34 n=6 n=4 n= 105
11.8 = 7.8 months; 7.5 + 2.1 kg 13.7 & 8.4 months; 7.9 £ 1.8kg
‘L h L
Waiting Fontan Died Waiting Fontan
n=6 n=28 n=2 n= 18 n=85
2.8 F 0.9 years; 11.3F 2.5 kg 3.2 % 1.0vyears; 12.0% 23 kg
L
k
Died Alive Alive
n=4 n =24 n =85

Fig. 1. Number of study patients, mean age and mean weight at each stage.
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Platelet BT shunt Venous thrombosis Fontan-route
count occlusion n=7 thrombosis
(10°/1) n=12 @ n=1
1000 % 3
1 % Brain infarction
| n=35
800 T
600
400
200
¢
Pre Post Pre Post Pre Post Late after
Palliation Palliation Glenn Glenn Fontan Fontan Fontan

Fig. 2. Sequential changes of platelet counts in Group A (solid line) and Group B (dashed line) at the seven therapeutic stages of cardiac catheterizations and the timing (arrows) of
thromboembolic events. The box plots represent medians with 25-75th centile boxes, minimums and maximums still in the 1.5 interquartile range bars, and outliers. The median
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<0.0001;
543%10%/L vs. 349x10%L, p<0.0001; 313x10%L vs. 254x 10%/L,
p=0.0002; 524x10%L vs. 304x10°/L, p<0.0001; 310x 10%L vs.
248x10%/L, p<0.0001; 391x 10%/L vs. 278 x 10%/L, p<0.0001; and
336x10%/L vs. 207 x 10%/L, p<0.0001, respectively). The most fre-
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 thromboembolic 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 thrombosis.

*
%

30

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 logistic regression analysis indicated that patients who
had a platelet count of more than 550 x 10%/L at the first cardiac catheter-
ization (Odds ratio 3.17; p=10.023), 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 x 10%/L as a risk factor of thromboembolic events
(p=0.046). No other clinical variables including birth weight, BT shunt
size, pulmonary vein obstruction, ejection fraction of the systemic ventri-
cle, atrioventricular valve regurgitation, hemoglobin concentration, and
activated partial thromboplastin 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
thrombocytosis and its association with thromboembolic complications
in patients with asplenia syndrome. Patients with asplenia syndrome
were reported to have poor outcome. Pulmonary vein obstruction, ar-
rhythmias associated with twin atrioventricular nodes, and susceptibility

25

20

D Fontan-route thrombosis

15

El Brain infarction

10

|| Venous thrombosis

- BT shunt malfunction

Group A

Group B

% P=0.0302

Fig. 3. Incidence of thromboembolic complications in Group A and Group B. The incidence of thromboembolic complications 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 cardiac catheterization.

Pre palliation Post palliation Pre Glenn Post Glenn Pre Fontan Post Fontan Late after Fontan
Pre pailiation R? 0.2724 0.2179 0.2203 0.1466 0.1266 0.1059
p Value <0.0001 <0.0001 <0.0001 0.0002 <0.0001 0.0292
Post palliation R? 0.1268 0.1923 0.1489 0.1577 0.2205
p Value 0.0003 <0.0001 0.0002 0.0002 0.0011
Pre Glenn R? 0.2545 0.2018 0.1736 0.3165
p Value <0.0001 <0.0001 0.0001 0.0002
Post Glenn R? 0.3978 0.2406 0.4329
p Value <0.0001 < 0.0001 <0.0001
Pre Fontan R? 0.1578 0318
p Value <0.0001 <0.0001
Post Fontan R? 0.238
p Value <0.0001
Late after Fontan R?
p Value

to pneumococcal infections were reported to be the reasons of unfavor-
able result [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, and 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 (collagen, 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 luminal obstruction
or embolization into the microcirculation [10]. Splenectomized patients
are at a 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 thromboembolic
complications.

Variable No. (%) 0Odds ratio p Value
(95%C1) Univariate Multivariate
Platelet count>550x10%/ 32 (20) 3.17 (1.18-8.30) 0.023 0.046
L a
BT shunt 94 (58) 247 (1.02-6.62) 0.044 0.077
Moderate to severe AVVR* 32 (20) 1.85(0.51-6.12) 0.132 0.365
Age>Ty 80 (50) 1.72 (0.76-4.04) 0.178 0.607
Birth weight<2500 g 26 (16) 1.59 (0.42-5.10) 0.468 0.188
APTT<40s ? 72 (45) 1.29 (0.27-6.02) 0.743 0.166
Systemic ventricular 71 (44) 1.15(0.19-5.17) 0.839 0.370
EF<50% #
Pulmonary vein 11(7) 1.11(0.16-4.64) 0.898 0.760
obstruction
Hemoglobin > 15 g/dL? 37 (23) 1.05(0.27-3.35) 0.932 0.841

BT shunt size<3.5 mm 21 (22) 1.68(0.53-5.01) 0367 -

BT shunt: Blalock-Taussig shunt, AVVR: atrioventricular valve regurgitation, APTT:
activated partial thromboplastin time, EF: ejection fraction.

2 At the first catheterization.

b BT shunt size was investigated among all patients having BT shunt (n= 94).

465x10%/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 count as a risk factor of thromboembolic com-~
plications. In the present study, more than 550x 10°/L of the platelet
count at the first catheterization was selected as the most potent predic-
tor for 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 550 x 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
reduced both after Glenn and Fontan operation [10]. Coagulation abnor-
malities might occur early in the course of staged single-ventricle repair
[18,19]. 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 obstruction. They oc-
casionally underwent a smaller size of the Blalock-Taussig shunt because
inherent atrioventricular valve regurgitation may worsen with too much
pulmonary blood 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 associ-
ated with thromboembolic complications. This result emphasized the
clinical 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 C, protein S, antithrombin
activity, and lupus anticoagulant. Further prospective study is needed to
compare the coagulation states in single ventricle patients with and with-
out asplenia syndrome.

6. Conclusion

Our study demonstrated the presence of persistent thrombocytosis as
a risk factor of thromboembolism 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 syndrome.
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