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Abstract

Thromboembolic events rarely occur in children. However, pediatric patients with thromboembolism have been increasing in number
during the decade of rapid progress in pediatric and perinatal medicine. The incidence of heritable thrombophilias depends on racial
background. Factor V Leiden and the prothrombin variant are frequently found in Caucasians but not in Japanese. Nevertheless, the early
diagnosis of the three major deficiencies of natural anticoagulants, namely, antithrombin (AT), protein C (PC) and protein S (PS), have
gained attention even in Western counties, because affected children and their family members are at a higher risk of thrombosis than
those carrying factor V Leiden or the prothrombin variant. Pediatric thrombosis is difficult to diagnose because of the physiological
maturation of the coagulation system and incomplete imaging analyses. Thrombolytic therapy and prophylactic management in pediatric
patients have not yet been established, although novel anticoagulants have now been used for adult patients. The diagnosis and manage-
ment of adult patients cannot be applied to newborn infants. Our intensive genetic study has newly identified pediatric patients with PC
deficiency, the number of whom corresponded to that of those registered in annual reports of coagulation disorders in Japan. Here, we
review the clinical problems in the diagnosis and management of pediatric patients with heritable thrombophilias on the basis of our
cumulative database.

Key words: thrombophilia, thrombotic predisposition, venous thromboembolism, purpura fulminans
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Staphylococcal endocarditis as the first manifestation of heritable
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ABSTRACT

A 12-year-old Japanese girl developed infective endocarditis and central nervous system disease. The
previously healthy girl showed altered consciousness and abnormal behaviors along with the classical
signs of septic emboli. Staphylococcus aureus was isolated from peripheral blood, but not, the pleocytotic
cerebrospinal fluid. Diagnostic imaging studies revealed a vegetative structure in the morphologically
normal heart, and multiple thromboembolisms in the brain and spleen. Low plasma activity of protein S
(12%) and thrombophilic family history allowed the genetic study, demonstrating that she carried a
heterozygous mutation of PROST (exon 13; 1689C > T, p.R474C). Surgical intervention of the thrombotic
fibrous organization and subsequent anticoagulant therapy successfully managed the disease. There are
no reports of infective endocarditis in childhood occurring as the first presentation of heritable
thrombophilia. Protein S deficiency might be a risk factor for the development or exacerbation of
infective endocarditis in children having no pre-existing heart disease.

© 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Infective endocarditis (IE) is an infection of the mural endo-
cardium caused by various bacteria or fungi. It rarely occurs in
children presenting with vegetations, septic emboli, valve dam-
ages, and heart failure [1]. The majority of patients have under-
lying conditions such as rheumatic valvulopathy or congenital
heart disease (CHD) [2]. Antibiotic managements controlled
rheumatic heart diseases, and appreciably reduced the IE-risk in
patients with unrepaired CHD. However, the incidence of pediatric
IE is still increasing [2,3]. Advances in the cardiac surgery
improved the survival rate of CHD patients, and might increase the
number of IE-risk patients harboring bioprosthetic and synthetic
devices. Recent reports delineated a continuing shift in the

* Corresponding author. Department of Pediatrics, Graduate School of Medical
Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.
Tel.: +81 92 642 5421; fax: +81 92 642 5435.

E-mail address: hoshina@pediatr.med.kyushu-u.acjp (T. Hoshina).

epidemiology of pediatric IE toward a proportion of children
without pre-existing heart disease [3,4]. The shift accounts for the
growing numbers of preterm infants and children who need
indwelling central venous catheters for the management. On the
other hand, there is little information about the etiology of IE
occurring in previously healthy children who have no structural
heart disease.

Protein S (PS) deficiency is one of the genetic traits predisposing
persons to hypercoagulability [5]. Homozygous PROST mutation
leads to fetal loss or, if any, neonatal purpura fulminans. Adult
carriers of the heterozygous mutation are at high risk of stroke,
pulmonary embolism, and deep vein thrombosis. PS deficiency can
be acquired in vitamin K deficiency, warfarin or sex hormone
therapy, pregnancy, liver disease, and infections. PS-deficient pa-
tients are prone to thromboembolic events during cardiac surgery.
There are no reports of IE as the first manifestation of heritable
thrombophilia.

We report herewith a pediatric case of PS-deficient heterozy-
gote, beginning with an intractable IE and systemic thromboem-
bolism in no pre-existing heart disease.

1341-321X/$ — see front matter © 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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2. Case report

A 12-year-old Japanese girl was transferred to our hospital for
the treatment of IE and central nervous system (CNS) disease of
unknown etiology. The patient with no previous illness developed
headache and vomiting. The next day (the 2nd day of illness), she
showed fever and disturbed consciousness. On the 3rd day of
illness, the patient was admitted to our affiliated hospital because
CNS infection was suspected. Peripheral blood studies showed a
leukocyte count of 16.09 x 10°/L and C-reactive protein (CRP) of
16.18 mg/dl. Cerebrospinal fluid (CSF) analysis revealed a cell count
of 54/ul with 46% polymorphonuclear cells and 54% lymphocytes,
glucose of 85 mg/dl, and protein of 32.2 mg/dl. Methicillin-sensitive
Staphylococcus aureus (MSSA) was isolated from the peripheral
blood but not CSF cultures. Electroencephalogram revealed diffuse
slow wave. Cefotaxime, panipenem/betamipron and acyclovir were
intravenously started for the treatment of meningoencephalitis.
Because of the thrombophilic family history and an abnormal
structure in the left ventricle assessed by echocardiography, she
was referred to our hospital at the 5th day of illness.

On admission, an afebrile well-nourished girl showed a pulse
rate of 56 beats/min, a respiratory rate of 22 breaths/min and a
blood pressure of 110/59 mmHg. The patient was listless but
showed no meningeal signs. The Glasgow Coma Scale was E4V5M6.
Auscultations revealed normal heart and respiratory sounds. There
was no hepatosplenomegaly. Splinter hemorrhage and non-tender
petechiae were found on the toes. Roth spots were determined on
the retina. Complete blood cell counts showed a leukocyte count of
10.59 x 10°/L with 83.5% segmented neutrophils, a hemoglobin
concentration of 12.3 g/dl and a platelet count of 185 x 10°/L. Liver
and kidney functions were normal. CRP concentration was 7.45 mg/
dl. Serum brain natriuretic peptide levels were elevated [51.3 pg/
mL; reference range (rr): 0—18.4], Coagulation studies revealed
normal ranges of fibrinogen 321 mg/dl, prothrombin time (PT%)
78%, and activated partial thromboplastin time 32.5 s (rr: 26—41),
and slightly increased levels of fibrinogen degradation products
54 ug/ml (rr: <5.0), D-dimer 2.0 pg/ml (rr: <0.5), thrombin-
antithrombin complex 3.7 ng/ml (rr: <3.0), and plasmin ¢2-
antiplasmin complex 1.2 pg/ml (rr: <0.8). Plasma anticoagulant
activities showed low PS of 12% (rr: 59—128), subnormal protein C
(PC) of 66% (rr: 75—131), and normal antithrombin of 103% (rr: 80—
120). Protein induced by vitamin K absence/antagonist-II was un-
detectable. Normal PS antigen levels (69%; rr: 65—135) and free-PS
antigen levels (36%; rr: 60—150) favored the diagnosis of type 111 PS
deficiency. Detailed family history disclosed that two siblings of the
paternal grandfather were diagnosed as having PS deficiency
because of mesenteric artery thrombosis and pulmonary infarction
in their fifties. Asymptomatic father and younger sister of the pa-
tient had low PS activity (Fig. 1).

Venous blood cultures yielded MSSA. Sterile CSF showed a cell
count of 98/ul with 88% polymorphonuclear leukocytes and 12%
lymphocytes, glucose of 99 mg/dl, and protein of 21.0 mg/dL
Transesophageal echocardiography revealed a vegetative structure
(13 x 5 mm) in the left ventricular outflow tract. Head magnetic
resonance imaging showed multiple white matter lesions with high
signal intensity of T1-weighted fluid-attenuated inversion recovery
and diffusion weighted image (DWI) on the splenium of corpus
callosum and frontal and parietal lobes, indicating cerebral venous
infarction. These determined the diagnosis of IE and cerebral in-
farctions associated with PS deficiency. Cefazolin (CEZ) and
gentamicin (GM) therapy led to a partial resolution of symptoms
but not vegetative mass. Because of the flare of fever and peripheral
thrombotic lesions, the intraventricular lesion was removed by
cardiac surgery on the 26th day of illness. The pedunculated
structure located on the left ventricle wall adjacent to left coronary

000

PS Free PSS Total PS

Sl Subject activity —antigen  antigen
(%) (%) (%)

S4 19 36 65

835 69 68 70

56 70 79 67

S7 12 36 69

s6 /ST S8 S8 22 33 28

Fig. 1. Family pedigree of the present patient (arrow), and plasma protein S (PS) ac-
tivity, free PS antigen, and total PS antigen in Subjects 48 (table). Subject 1 developed
thromboembolisms in the leg at 49 years of age, cerebral infarction at 50 years, and
mesenteric arterial thrombosis at 62 years. Subject 2 suffered from mesenteric arterial
thrombosis at 59 years of age. Subject 3 had a history of pulmonary infarction. Subjects
4(42 years old) and 8 (10 years old) had no history of thrombosis. Subjects 2 and 3 had
been diagnosed as having PS deficiency. S: Subject.

cusp, containing organizing thrombi with granulation tissue, but
not mesenchymal cells or bacterial colonies (Fig. 2). Antimicrobial
(CEZ + GM) and anticoagulant therapy (aspirin + warfarin
following heparinization) was then started. After the stop of anti-
microbial agents at the 50th day of illness, she is alive and well on
warfarin therapy. The genetic study demonstrated that the patient
was a heterozygous carrier of the reported mutation in exon 13 of
PROST (1689C > T, Arg474Cys) [6].

3. Discussion
Associated conditions in IE children without preexisting heart

disease include neoplasms, prematurity, connective tissue disor-
ders, and diabetes mellitus [3]. However, inherited thrombophilia

A

Fig. 2. Histological examination of a pedunculated structure on the left ventricle wall
contained organizing thrombi with granulation tissue and fibrous tissue (Hematoxylin
and eosin stain, original magnification A: x 40, B: x 400). There are edematous and
myxoid changes, but no mesenchymal cells or bacterial colonies were observed.
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had not been recognized a risk of IE. Lin et al. [4] characterized the
feature of IE in non-CHD children; prevalent infection of S. aureus
(MRSA and MSSA), vegetations in the right-sided heart, older age,
and higher requirement of surgical intervention. Although the
present patient later disclosed an episode of deciduous tooth loss
two weeks prior to the onset of disease, the contribution remains
unknown to the development of staphylococcal IE. The pathological
findings of the intracardiac mass might be suggestive for nonbac-
terial thrombotic endocarditis (NBTE), arising in association with
primary antiphospholipid syndrome, myeloproliferative disorders
and malignancy [7]. On the other hand, granulation in the lesion,
not usually observed in NBTE, indicated the presence of inflam-
mation. Absent mesenchymal cells precluded the diagnosis of
myxomatous tumor. The present case fulfilled the clinical criteria of
[E, although §. aureus was identified from blood culture one time
only. Furthermore, cerebral infarction, the most serious extrac-
ardiac complication of two different types of endocarditis, did not
recur on anticoagulant therapy after the surgical intervention.
These observations suggested that the predisposition of hyperco-
agulability could precipitate the formation of intra-ventricular clot
with certain triggers such as occult bacteremia, and resulted in the
intractable IE. Even if IE occurred in chance association with PS
deficiency, it is not to say exaggerated that thrombophilia was one
of the exacerbating factors of IE.

The major concern is the location of the vegetative lesion; why
did it originate from the out-flow tract of left ventricle, but not, of
right one in this patient? There are many reported cases of PS-
deficient patients who developed arterial thromboembolism
including stroke and mesenteric artery thrombosis. PS-deficient
children might have a potential risk of arterial thrombosis [8].
Nevertheless, the association of heterozygous PS deficiency with
venous but not arterial thrombosis is proven [9]. Girolami et al. {10]
reported a 31-year-old man who developed both left and right
atrial thrombosis, as presenting symptom of heritable PS defi-
ciency. Jobic et al. [11] described a 77-year-old woman with unre-
markable medical history who had native aortic valve thrombosis
associated with PS deficiency. Maldjian et al. [12] reported that a
previously healthy 39-year-old woman developed intracardiac
thrombus due to PS-deficiency. On the other hand, no pediatric
patient with isolated PS deficiency was reported to suffer from
intracardiac thrombosis. Pac¢ et al. [13] reported a case of biven-
tricular cardiac thrombi in a 3-year old-girl with PC and PS de-
ficiencies after the treatment of urinary tract infection and
pneumonia. Mattiau et al. [ 14] described. a 2-year-old girl with PC
deficiency who presented with thrombus in the left ventricle and
systemic emboli after the treatment of pneumonia. In these cases,
intracardiac thrombi occurred in association with infection, but not
limited to either-sided heart. To the best of our knowledge, there is
only one case having a large vegetation of IE and PS deficiency [ 15].
The clinical course of the 81-year-old woman with no pre-existing
heart disease was progressive. Taken together, surgical intervention
must be inevitable for the treatment of thrombophilic IE patient,
irrespective of the location of vegetative lesions.

The most prevalent form of heritable thrombophilia in Japan is
PS deficiency, because of the polymorphism of PS-tokushima [16].
However, the mutation carriers are considerably found in the series
of deep vein thrombosis [6,1G]. The patient’s pedigree disclosed the
segregation of thrombophilic patient and PS deficiency. Secondary
decrease of plasma PS activity in infection makes it difficult to di-
agnose heterozygous PS deficiency. The management of infection-

associated hypercoagulability in such mutant carriers should be
individualized according to the types of thrombophilia. Further
study is needed to determine whether heritable thrombophilia is a
risk factor for the development of IE in previously healthy non-CHD
children. However, we should pay more attention to heritable
thrombophilia in the management of pediatric IE.
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