Fig. 1. Case 1: 30 min postpartum. Endometrial side. On the en-
dometrial side, the IEL around the arteries was disrupted (arrow:
artery). a HE. b Elasitca-van Gieson. X10.

In this study, we examined the morphological process
of uterine vascular involution and the expression of the
oxytocin receptor (OTR) in uteri removed due to severe
cervical laceration or uterine rupture.

Materials and Methods

Among 80 cases of hysterectomy due to postpartum hemor-
rhage at Osaka City University Hospital and Osaka Medical Cen-
ter and Research Institute for Maternal and Child Health between
January 1982 and December 2003, 15 cases (18.75%) of severe cer-
vical laceration or uterine rupture were diagnosed based on clin-
ical findings and gross inspection. Each resected uterus was fixed
in 10% neutralized buffered formalin immediately after hysterec-
tomy, then serially sliced horizontally into 5- to 10-mm-thick slic-
es, and inspected to identify the point of bleeding. The myome-
trium was cut into slices, embedded in paraffin and preserved at
room temperature until use in this study. We excluded cases

Morphological Changes in Uterine
Vessels Postpartum

Fig. 2. Case 1: serosal side. Single layer of IEL and slightly thick-
ened intima (arrow: artery, arrowhead: vein). a HE. b Elastica-van
Gieson. x10.

showing subinvolution of the uterus, placenta accreta, placenta
increta, or abruption of the placenta, and cases suffering from dis-
seminated intravascular coagulation or infection as indicated by
laboratory data.

The slides were prepared as 4-um sections and stained with
hematoxylin-eosin and elastica-van Gieson (EVG). Immunohis-
tochemical stainings were performed according to a previously
described method {9-11]. We used antibodies as follows: anti-
CD34 (NU-4A1l, 1:50 dilution, Nichirei, Tokyo, Japan), anti-a-
smooth muscle actin (1A4, 1:50 dilution, Dako Cytomation, Glos-
trup, Denmark), and antioxytocin receptor (2F8, 1:50 dilution,
Rohto, Osaka, Japan). Immunoreactivities of these antibodies
were detected with the Envision system (Dako Cytomation) ac-
cording to the instruction manual. We further performed Victo-
ria Blue staining to detect elastic fibers with immunohistochem-
ical stainings. We examined 5-10 slides for each uterus. Some
cases underwent immunohistochemical staining for cytokeratin
(AE1+AE3, 1:150 dilution, Dako Cytomation) to rule out placenta
accreta.
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Table 2. Histological findings

No. Time Arteries on the endometrial side Veins on the endometrial side
after delivery formation of IEL amount of recon- intimal pattern of inti- IEL intimal
structed IEL! thickening? mal thickening thickening?
1 0h 15 min hardly detected - - - not detected -
2 0h 30 min hardly detected - - - not detected -
3 5h thin and disruptive  ++ o+ eccentric not detected -
4 5h hardly detected + ++ eccentric not detected -
5 5h 5 min double layer +++ +++ eccentric not detected -
6 5h 16 min double layer +++ 4+ eccentric not detected -
7 5h 40 min double layer -+ +++ eccentric not detected -
8 6 h 22 min double layer + +++ eccentric not detected -
9 6 h 27 min double layer +++ o+ eccentric not detected -
10 6 h 48 min double layer +++ +++ eccentric not detected -
11 8h double layer 4+ 4 eccentric not detected -
12 9 h 40 min single layer +++ +++ eccentric not detected -
13 16h single layer +++ +++ eccentric not detected -
14 110 h single layer +++ 4+ eccentric not detected -
15 19 days singledayer +++ - - thin -
16 60 days single layer +++ - - thin -
17 7 years single layer +Ht - - thin -
18 5 years single layer 4+ - - thin -
19 - single layer +++ - - thin -
20 - single layer e - - thin -
21 - single layer +++ - - thin -
22 - single layer 4+ - - thin -
! Fragments of IEL/Full circumference of lumen: - = <25%; + = 25-50%; ++ = 50-75%; +++ = >75%.
2 Intimal thickening: - = Same as null gravida; + = <1/3 of thickness of media; ++ = <2/3 of thickness of media; +++ = thicker than

media.

In order to compare uterine vessel morphology and immuno-
reactivity in these early-postpartum patients, we selected 7 age-
matched uterine samples obtained from patients who underwent
hysterectomy due to cervical intraepithelial neoplasia (1 case at 60
days postpartum, 1 at 5 years postpartum, 1 at 9 years postpartum
and 4 null gravida patients).

Changes in the uterine vessels were analyzed as described in
cardiovascular pathology, i.e. thickening of the intima and ap-
pearance of the IEL [12].

Results

The interval between delivery and hysterectomy
ranged from 15 min to 19 days (tables 1-3). All patients
were multigravidae. Six cases were delivered by cesarean
section. The patients with cervical laceration (cases 3-6,
8, 11, 13) had delivered at other hospitals and were trans-
ferred to our hospital due to massive bleeding and hypo-

140 Gynecol Obstet Invest 2009;67:137-144

volemic shock. They underwent suturing of cervical lac-
erations. All patients were administered uterotonic agents
(oxytocin, prostaglandin F,,, ergometrin) and trans-
fused. Thirteen of 15 cases underwent hysterectomy
within 24 h; all of them were severely anemic and in pre-
hypovolemic shock state.

We studied the elastic lamina by EVG or Victoria Blue
staining. Immunohistochemically, we used CD34 to de-
tect vascular lumens and anti-a-smooth muscle actin to
identify the intima and media.

We noticed that the vascular involution process var-
ied substantially between the serosal side (arcuate arter-
ies and veins) and the endometrial side (radial arteries
and veins). On the endometrial side, the IEL of arteries
was disrupted in cases in which hysterectomy had been
performed shortly after delivery (case 1, 2). Reconstruc-
tion of IEL and intima thickening were also undetect-
able (fig. 1a, b). On the other hand, on the serosal side,
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all arteries were surrounded by a single layer of IEL and
had a slightly thickened intima (fig. 2a, b). After 5 h or
more, we observed reconstruction and formation of IEL
around arteries (fig. 3a, b). After 5 h, most arteries on
the endometrial side were surrounded by double layers
of IEL and thickened and eccentric intimas. The IEL
was single-layered shortly after parturition (after 9 h,
case 12), but intimal thickening disappeared (case 15) a
long time after parturition. During this period, the ar-
teries on the serosal side of the myometrium showed
minimal changes in the IEL although intimal thicken-
ing was observed from very early to 5 h postpartum
(fig. 4).

On the endometrial side, veins were dilated and me-
dial smooth muscles could not be distinguished from
those of the myometrium. Five hours after delivery, ad-
ventitiae were observed as an edematous space around
veins. Elastic fibers in venous medias were scarce in the

Morphological Changes in Uterine
Vessels Postpartum

Fig.3. Case 5: endometrial side. Double layers of IEL around ar-
teries (asterisk). The intima was thickened and eccentric (arrow).
a HE. b Elastica-van Gieson. X10.

postpartum period. Thickening of the venous intimas
was never observed (fig. 5a).

On the serosal side, we readily detected the venous
medias shortly after delivery. The lumens had collapsed
and the IEL was detected faintly around the veins. Inti-
mal thickening was never detected. In cases 14 and 15,
thin elastic fibers were detectable in the venous medias
(fig. 5b). In the multigravida uteri, the caliber shrank,
and the venous medias became very thick and displayed
prominent elastic fibers (fig. 6). Similar findings were
made in the uteri which had undergone parturition long
before (cases 17 and 18).

In cases of very early postpartum (cases 1 and 2), OTR
immunoreactivities were observed in the myometrium
but not in vascular smooth muscles (fig. 7). Five hours
after delivery, the receptor immunoreactivity became
positive not only in the myometrium but also in the me-
dial smooth muscles in arteries and veins (fig. 8). This
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Fig.4. Case 12: serosal side. Slight intimal thickening in arteries  Fig. 6. Case 16: 60 days postpartum, radial elastic fibers are visi-

(arrow). Elastica-van Gieson. X10.

ble. Flastica van Gieson. X4.

Table 3. Expression of OTR

OO NN U R W N

BO B DD et et bt e et ek et ped e
Nkt OO 00NN U B WD

0 h 15 min
0 h 30 min
5h
5h
5h 5 min
5h 16 min
5 h 40 min
6 h 22 min
6 h 27 mid
6 h 48 min
8h
9 h 40 min

16h

110h

19 days

60 days
7 years
5 years

+, induced
+, induced
+, spontaneous
+, spontaneous
+, spontaneous
+, spontaneous
+, spontaneous
+, spontaneous
+, induced

+, spontaneous

+, spontaneous

+, spontaneous
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ND = Not done; - = negative; + = positive,

Fig. 5. Case 15. a Endometrial side. Elastic fibers were scarce in
the vein media (asterisk). A double-layered IEL was detected in
the artery (arrow). b Serosal side. Elastic fibers were detected in
the media (arrow). a, b Elastica-van Gieson. X10.
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Fig. 7. Case 1: only the myometrium was positive for the OTR. The
medias of arteries were negative for the OTR. OTR plus Victoria
Blue. x40.

change was observed both on the endometrial and serosal
sides; the immunoreactivity disappeared within a few
days postpartum (table 3).

There was 1 preterm case (case 14), but we could not
detect any morphological or immunohistochemical dif-
ferences between the samples obtained from preterm and
term patients.

Discussion

Several reports about changes in uteroplacental arter-
ies during the involution process have been published
using the uteri or curettage specimens from late-post-
partum patients [3, 5, 13]. In 1968, Anderson and Davis
[4] focused on the vascular changes of the placental site
during involution. However, they did not examine
vascular remodeling using materials up to 24 h after de-
livery.

In this report, we precisely analyzed 13 uteri obtained
following hysterectomy performed within 24 h postpar-
tum and samples obtained during the puerperium. In a
previous report, intimal thickening and hyalinization of
the arterial medias on the endometrial side were noted at
1 and 3 days postpartum [4]. Intimal thickening was al-
ready observed 5 h postpartum. Moreover, we found that
there were double layers of IEL 5 h postpartum. Ander-
son et al. [4] showed morphological differences between
the endometrial and serosal sides of the uterus 1-3 days
after delivery. We found that these differences occurred

Morphological Changes in Uterine
Vessels Postpartum

Fig. 8. Case 5: both the myometrium and vascular wall smooth
muscles were positive for the OTR. OTR plus Victoria Blue.
x40.

earlier, i.e. 5 h after delivery. In addition, we found that
prominent elastic fibers in the walls of veins located on
the serosal side were characteristic of multigravidae and
persisted for a long time. These findings are similar to
phlebosclerosis of esophageal varices [14]. Drastic in-
creases in blood flow during pregnancy markedly dilate
arteries and veins and then, after parturition, blood flow
decreases very rapidly. This marked change in blood flow
causes venous sclerosis.

Oxytocin plays important roles in uterine involution
by inducing tonic and phasic contractions. In the very
early period after parturition (cases 1, 2) OTR was local-
ized only in the smooth muscle of the myometrium, but
was negative in the smooth muscles of arterial medias.
This pattern is similar to findings in our previous report
[9]. However, we noticed that OTR immunoreactivity
also appeared in the medias of arteries and veins. We
could not determine whether this OTR is functional, but
it seems physiologically reasonable to compress vessels
using oxytocin to reduce uterine blood flow during the
early puerperium period.

The series of patients examined here received many
kinds of medication to treat hemorrhage or hypovolemic
shock. These treatments may have had some effect on
uterine vessels. Among them, ergonovine results in non-
physiological tonic uterine contraction without relax-
ation. Ergonovine sometimes induces systemic vasocon-
striction and severe hypertension [15]. These medications
may affect blood vessels and cause more rapidand marked
vascular changes as observed here. Further experiments
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are required to analyze the effects of medications on ves-
sels using model animals.

In conclusion, uterine vessel remodeling occurs short-
ly after delivery. Elucidation of the mechanism of this
rapid remodeling will help to understand the mechanism
of the involution process and the management of post-
partum hemorrhage.
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delay in ossification and eventual hyperlaxity of these synchon-
droses may cause deformation of the skull base. As exemplified in
the present case, a diagnosis of HCS is generally delayed because
the dysmorphic features of the disorder are individually subtle,
and acro-osteolysis does not develop at younger ages. Asin the
present case, recent imaging modalities, for example MRI, facili-
tate the diagnosis of platybasia. Thus, platybasia identified in
infancy and in young children may be taken as an early diagnostic
sign of HCS in an appropriate clinical setting. Platybasia is seen as
a component of isolated anomalies of the craniovertebral junction
and as a result of abnormal softening of the skull base in a few
genetic disorders, such as osteogenesis imperfecta. The differen-
tial diagnosis between these conditions and HCS is straightfor-
ward on clinical and radiological grounds.

The early onset of hydrocephalus is the second feature that
merits comment. Platybasia leads to basilar impression, and
basilar impression can cause neurological symptoms and hydro-
cephalus. Basilar invagination in HCS is believed to be exacer-
bated as a result of osteoporosis that progresses with age. All
HCS patients with hydrocephalus reported so far developed
hydrocephalus in late childhood. In contrast, the present patient
first exhibited hydrocephalus at 5 months of age, it not being
evident at birth. Further experience is required to determine
whether or not such rapid development of hydrocephalus is
common in HCS.

The third was bent or serpentine fibulae, which are a prin-
cipal feature of SFPKS. SFPKS is a recently recognized disor-
der characterized by an unusual facial appearance, short stature,
polycystic kidneys, and S-shaped and elongated fibulae. SFPKS
was first confused with Melnick-Needles syndrome (MNS;
309350), which has been proven to belong to a group of dis-
orders caused by mutations of the FLNA gene.” SFPKS,
however, does not exhibit a few hallmarks of MNS, such as
twisted 1ibs, cortical irregularities of the long bones, and abnor-
mal lateral constriction of the iliac bones. Later, the phenotypic
similarities between SFPKS and HCS, including serpentine or
bent fibulae, were noted. Ramos et al. reported that HCS and

Hajdu—Cheney syndrome 833

SFPKS represent a single entity with variable degrees of
expression.* The present patient provided further support for
this hypothesis. The pathogenesis of HCS syndrome remains
unknown. Classical investigations focused on the acro-
osteolysis and high-turnover osteoporosis in HCS, and led to a
few hypotheses, such as a dysfunction of osteoblasts and/or
osteoclasts, and an imbalance between bone formation and
resorption caused by a local-acting substance that activates
osteoclasts.>” The similarity, however, of HCS, SFPKS, and
MNS indicates the direction of future investigations. Filamin A,
encoded by the FLNA gene (the disease-causing gene of MNS),
is a component of the cytoskeleton and closely interacts with
transforming growth factor-f signaling pathways. These disor-
ders await further investigations on filamin-related signaling
pathways.
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Juvenile xanthogranuloma (JXG) is a cutaneous tumor of the
histiocytic cell in infancy and early childhood, which is differen-
tiated from Langerhans cell histiocytosis (LCH) and usually
follows a benign course without treatment with gradual regres-
sion over approximately 3 years.' A few cases, however, have
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demonstrated one or more extracutaneous viscera and rarely the
disease has produced serious symptoms and has even been
fatal.>* We present a case of congenital systemic JXG with
serious symptoms that was correctly diagnosed in the wake of a
placental examination.

Case report

A 1907 g boy was born at 36 weeks gestation by emergency
cesarean section due to intrauterine growth restriction and fetal
distress. Apgar scores were 7 and 9 at 1 and 5 min, respectively.
The infant demonstrated systemic petechiae and purpura with a
subcutaneous solid nodule on the left femoral region (Fig. 1).
Laboratory tests showed leukocytosis (18 300/uL), anemia (red
blood cells 143 x 10%uL, hemoglobin 5.5 g/dL), thrombocytope-
nia (0.5 x 10%uL) and a slightly elevated level of C-reactive
protein (1.5 mg/dL) suggestive of latent infection, The infant was
transferred to Osaka Medical Center and Research Institute for
Maternal and Child Health on the same day and full screening
tests for infection were performed. Antibiotics and blood trans-
fusions were initiated, but spike fever, tachypnea and hepatosple-
nomegaly developed and his clinical condition deteriorated
further despite intensive therapy. All cultures were negative and
there was no evidence of fetal infection. Bone marrow aspiration
did not demonstrate any evidence of hemophagocytosis, but
respiratory distress was progressively worsening. We started
methylprednisolone therapy due to the deterioration. Symptoms
improved although he needed a blood transfusion and steroid
therapy. At that time, placental examination demonstrated some
clusters of atypical small cells showing round to spindle shape in
the villi, suggesting metastasis from an unknown origin (Fig. 2).

Fig. 1 Subcutaneous solid nodule in the left femoral region.

© 2009 Japan Pediatric Society

Fig.2 Cluster of atypical small cells with a round-spindle shape in
the villi.

We performed a skin biopsy of the subcutaneous solid nodule on
his femoral region for diagnosis on the 18th day of life.

The lesion formed a well-circumscribed but non-encapsulated
nodule that extended to the epidermal layer and into subcutane-
ous fat (Fig. 3a). These cells were mostly composed of mono-
nuclear cells, which had round to elongate, bean-shaped nuclei
with moderately dense, uniformly dispersed chromatin, variable
conspicuous nucleoli and pale eosinophilic to finely vacuolated
cytoplasm (Fig. 3b). There were few eosinophils. Occasionally,
giant cells with peripherally or centrally aggregated nuclei were
present, but Touton giant cells were not seen at all. These findings
were suggestive 6f LCH but on immunhistochemistry the infil-
trating histiocytic cells were positive for vimentin, CD68 and
factor X1IIa, but negative for S100 protein and CD1a, We con-
firmed JXG. Additionally, the atypical cells of the placenta had
positive staining for CD68 and factor X1IIa and negative staining
for $100 protein and CD1a, which were correlated with JXG.
Abdominal magnetic resonance imaging (MRI) demonstrated
infiltration around the portal vein (Fig. 4). Finally, we diagnosed
congenital systematic JXG based on the clinical features and
pathologic findings of the skin and placenta. LCH-oriented che-
motherapy was started on the 32nd day. He became free from
blood transfusion 2 months after the initiation of the chemo-
therapy, and hepatosplenomegaly was resolved after 4 months.
Follow-up MRI indicated marked resolution of the hepatic infil-
tration after 6 months. The 12 months of treatment were com-
pleted, and the infant has continued in complete remission for
approximately 2 years.

Discussion

Histiocytosis syndromes are generally grouped into LCH and
non-LCH. JXG is one of the most common disorders in the
non-LCH group. The typical histologic appearance in JXG con-
sists of a dense dermal infiltration of foamy histiocytes with
Touton giant cells. JXG, however, represents a spectrum of the
disease in which the dermal dendrocytes can have different levels
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Fig.3 (a) Low-magnification and (b) high-magnification (inset) views of infiltration of mononuclear cells without Touton cell in the

subcutaneous solid nodule.

of maturation’ The early lesion consists of small-moderately
sized mononuclear histiocytes with eosinophilic cytoplasm and
displays a compact sheet-like infiltrate, which often has no or rare
Touton giant cells. These findings are similar to those of LCH and
obscure the diagnosis. At first, we assumed that the diagnosis
would be LCH in the present case because of absent lipidization of
histiocytes, intermixed eosinophils and the lack of Touton giant
cells, but a differential diagnosis is easily possible on immunohis-
tochemistry. Histiocytes in JXG show characteristics similar those
of dermal dendrocytes, which are reactive with CD68 and Factor
XIIa and non-reactive to $100 protein and CD1a.

Fig. 4 Infiltration of juvenile xanthogranuloma cells around the
portal vein on abdominal magnetic resonance imaging.

Systemic JXG is associated with one or more sites of extra-
cutaneous involvement including liver, lung, spleen, kidney and
central nervous system (CNS).>* Almost all cases develop within
1 year or are present at birth. Some patients may develop serious
symptoms and it may even become fatal. Recently, two large
studies of JXG were performed.>> Dehner reviewed eight chil-
dren with systemic JXG among 174 cases.” Two of these patients
died of hepatic failure at 1 month. Janssen and Harms reviewed
five children with systemic JXG among 129 cases.* One patient
died of multiple extensions of systemic JXG at 34 days. From the
perspective of systemic JXG, Freyer et al. analyzed 36 cases
from the literature as well as their own two patients.* Two
patients died of progressive CNS lesions. Although the majority
of systemic JXG regressed spontaneously, significant morbidity
has been reported in a few cases, requiring systemic
chemotherapy.>*¢ Several neonates had a presentation similar to
that of the present patient, consisting of a skin lesion, hepatosple-
nomegaly and thrombocytopenia.* Some of these patients also
had liver infiltration of JXG cells on either autopsy or liver
biopsy. In the present case MRI showed infiltration around the
portal vein, which we speculate is an indication of the same
phenomenon as demonstrated in aforementioned cases.

The placental lesion in the present patient appears to be
unique and may have contributed to the diagnosis. We initially
suspected that this case involved severe neonatal infection
because of the general condition, and started examinations
including the placenta. We found some clusters of atypical cells
in the villi after thorough examination of the placenta, and real-
ized that a skin biopsy was necessary for diagnosis. Indeed, in
systemic JXG, extracutaneous lesions are generally composed of

© 2009 Japan Pediatric Society
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only mononuclear cells, mononuclear cells with an intermixture
of spindle cells in the absence of multinuclear cells, or a nearly
exclusive spindle cell proliferation with or without a collagenous
background unlike the cutaneous lesions.” This was true of the
placental lesion in the present case. In the literature there is no
description of the placenta except in a case reported by Hu et al.,
in which a placental lesion was not detected.” It is assumed that
the placental lesion has not yet been noticed in congenital sys-
temic JXG. It is therefore necessary to examine the placenta
when we encounter congenital systemic JXG.

In conclusion, we should remember that some neonates
with systemic JXG have severe symptoms and histopathology
similar to LCH. Thus, we should perform further examinations
including of the placenta to establish a correct diagnosis before
therapy.
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Candida infection of the urinary tract is uncommon. It may occur
as a part of systemic candidiasis or as a focal urinary tract
infection in immunocompromised patients.*” Candida infections
are usually associated with one or more predisposing factors
including prematurity, prolonged use of antibiotics or steroids,
total parenteral nutrition, umbilical or bladder catheters, vesico-
ureteral reflux (VUR) and diabetes mellitus.>*

Renal parenchyma, ureters or bladder may be affected by a
fungal infection and the urinary tract can be obstructed by a
fungus ball formation at any level.'"* Acute renal failure (ARF)
caused by systemic candidiasis or obstruction of the urinary tract
with fungus ball is a rare complication of fungal infections.'**
In the present report the case of a 3-month-old patient with ARF
due to bilateral fungus ball in renal pelvis with ureteral extension
is described.
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Case report

A 3-month-old male patient was admitted to Bakirkoy Maternity
and Childrens Hospital with high fever. The family stated that the
patient had been taken to another hospital with a complaint of
cough 1 week previously and received i.m. ampicillin for pulmo-
nary infection during 1 week before admission to Bakirkoy
Maternity and Childrens Hospital.

From his past medical history we learned that he had been
born at 2240 g in the 34th gestational week and intraventricular
hemorrhage had been detected on cranial ultrasound. Thereafter
post-hemorrhagic hydrocephaly had occurred and a ventriculo-
peritoneal shunt operation had been performed when he was
24 days old.

At admission his rectal temperature was 39.5°C. Blood pres-
sure was within normal range for age. There were no lethargy,
vomiting or diarrhea. His skin, eye, ear, fontanel, cardiac, pul-
monary and abdominal examination were normal. We did
not determine any signs of pulmonary infection on physical
examination or chest radiogram. His white blood cell count
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Abstract We present two children with apical hypertro-
phic cardiomyopathy (APH), both of whom remained
asymptomatic for more than 15 years. The inverted T-wave
on electrocardiograms and myocardial hypertrophy mostly
confined to the apical region on echocardiograms showed
no significant changes during follow-up. Magnetic reso-
nance imaging revealed a cavitylike portion at the apex in
one case, but the diagnosis of noncompacted myocardium
was unlikely because there was no blood communication
with the true left ventricular cavity. The other case had
typically thick and solid myocardium at the apex. The
findings in these patients demonstrate that APH might
present in childhood and suggest that the prognosis might
be good.

Keywords Apical hypertrophic cardiomyopathy -
Children - Noncompaction left ventricular myocardium -
Giant negative T-wave

Introduction
Apical hypertrophic cardiomyopathy (APH) is a relatively

rare variant of hypertrophic cardiomyopathy (HCM) and
characterized by myocardial hypertrophy, predominantly in
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the left ventricular apical region, with spade-shaped left
ventricular cavity and giant negative T-waves on the
electrocardiogram (EKG) [1, 6, 8]. Prognosis of the disease
is thought to be favorable, with a mortality rate lower than
that of other types of HCM [5, 7]. Although there are many
reports of patients with APH diagnosed in adult patients,
especially in Asian countries [1], to our knowledge there
are no reports of cases of APH diagnosed in childhood [3,
5, 7]. Sakamoto [5] reviewed 126 patients with APH, but
no pediatric cases were included in that review. Here we
report the clinical course of two cases with APH diagnosed
at school age with follow-up for more than 15 years.

Case Report
Case 1

A 6-year-old girl was referred to our hospital for further
evaluation in view of an abnormal T-wave on an EKG
incidentally noted on a routine health check program for
entry to primary school. The patient had no family history
of cardiac disease and had not experienced syncope, chest
pain, or palpitation. Physical examination on referral was
within normal limits, The EKG showed negative T-waves
with slight ST depression in leads V4-6 (Fig. 1a). Echo-
cardiography showed myocardial hypertrophy almost
confined to the apical portion of the left ventricle (LV),
resulting in a shallow apex, with increased LV dimension
at the basal level to 43 mm with a shortening fraction of
35% (Fig. 2). These abnormalities warranted a follow-up
cardiac catheterization. The LV pressure was 104/10
(systolic/end diastolic) mmHg without outflow tract pres-
sure gradient, and the pulmonary arterial pressure was 34/
14 mmHg. The LV end-diastolic volume index and
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Fig. 1 Electrocardiogram of (a) a b
Case 1 at age 6, showing
negative T-waves in leads V4-6 | e
and (b) Case 2 at age 13,
showing giant negative T-waves
in leads V3-5 with ST
depression
I n
n 1
aVR aVR
aVvt VL
aVF
aVF

Fig. 2 Left ventricular long-
axis view of echocardiograms of
Case 1 in (a) end diastole and
(b) end systole. Note the apical
hypertrophy and resultant
shallow bottom

ejection fraction were 98 ml/m?® and 67%, respectively.
Both myocardial scintigraphy using 2°'TI-Cl and '#I-
BMIPP showed low uptake at the apical area with the
size of the area on '**I-BMIPP being slightly larger than
that on 2°'TI-Cl. During the next 15 years, the patient
remained asymptomatic, the EKG showed no worsening,
and echocardiography indicated no deterioration of LV
function.

‘2_] Springer

Case 2

A 13-year-old boy was referred to our hospital for
evaluation of negative T-waves incidentally noted on an
EKG for the first time on a routine health check program
for entry to junior high school. The patient had no
family history of cardiac disease and no complaints.
Physical examination on presentation showed no
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abnormalities, as in Case 1. The EKG showed giant
negative T-waves with slight ST depression in the infe-
rior and V3-5 leads (Fig. 1b). A diagnosis of APH was
made based on echocardiographic findings. The end-
diastolic LV dimension at the basal portion was
increased to 55 mm and the shortening fraction (LVSF)
was 40%. Cardiac catheterization showed normal LV
pressure, volume, and ejection fraction (systolic/end-
diastolic pressure = 89/5 mmHg, EDVI = 86 ml/m?, EF
60%), and a typical spade-shaped configuration was
noted on left ventriculography (Fig. 3). Both myocardial
scintigraphy using 201711 and 'I-BMIPP showed high
uptake, in contrast to Case 1, in the apical area. How-
ever, the tracer uptake in the same apical region was
slightly reduced on repeat 1231 BMIPP study conducted
at age 19. The patient remained asymptomatic and the T-
wave on the annual EKG and LV function on echocar-
diography did not change significantly during the next
15 years.

Fig. 3 Left ventricular
angiograms of Case 2 in (a) end
diastole and (b) end systole.
Note the apical hypertrophy and
typical spade-shaped LV cavity

Fig. 4 MRI images of the left
ventricle of (a) Case 1 and (b)

G 0
B-TEEM
Case 2. Note the cavitylike area oL 1

(arrow) in Case 1, which is Td’3ﬂ1nxs

separate from true LV cavity.
The density of this portion is
halfway between free wall
myocardium and true LV
cavity. In Case 2, note the
homogeneously hypertrophied
myocardium in the apical region

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) was conducted in each
case to evaluate the characteristics of apical myocardium.
In Case 1, the MRI at age 20 showed a cavitylike area
separate from the LV cavity (Fig. 4a). The density of this
portion was halfway between free wall myocardium and
true LV cavity. This apical portion had never been stained
with contrast medium on left ventriculography and no
color-Doppler signals entering the apical portion was
observed, suggesting that this area did not communicate
with the true LV cavity. It was possible that the myocardial
tissue of this arga was different from the normal myocar-
dium and was suspected to be either ischemic fibrous tissue
or noncompacted tissue, which could explain the low
uptake on scintigraphy. On the other hand, the MRI of Case
2 taken at 28 years of age showed that the apical portion of
the LV was composed of thickened homogeneous myo-
cardium (Fig. 4b).

e 10
B-TFEM

AP -17 an RL 13 right
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Discussion

Apical hypertrophic cardiomyopathy is considered a rare
variant of cardiomyopathy typically diagnosed in middle-
aged individuals {1, 5]. To our knowledge, there are no
pediatric cases reported in the literature [1, 5]. Both cases
reported here were diagnosed incidentally during child-
hood at a routine health check conducted at school entry,
based on abnormal EKG repolarization. Both patients
remained asymptomatic during the follow-up period of
more than 15 years. In this regard, we are unaware of any
report that describes the long-term clinical course of APH
over a period of >15 years from childhood to adulthood. It
is notable that both patients remained asymptomatic and
cardiac function did not deteriorate during the follow-up
period.

In this report, the EKG findings remained almost
unchanged in both cases. However, it has been reported
that the characteristic giant negative T-wave disappears in
some patients [2, 5]. Koga et al. {2] indicated that the giant
negative T-wave disappeared in 31% of patients after a
follow-up period of 5-9 years, and the frequency increased
to 71% over 10 years. The disappearance of the giant
negative T-waves was associated with a decrease in R-
wave amplitude [2]. These EKG changes in some patients
with APH might represent the progressive nature, although
slow, of this unique form of cardiomyopathy [2]. In addi-
tion, despite the relatively good prognosis of APH, long-
term monitoring occasionally exhibits a gradual progres-
sion of cardiac hypertrophy and apical aneurysm formation
due to myocardial ischemia [3, 4]. Thus, a longer follow-up
into late adulthood is important in order to characterize the
prognosis of our cases, because age at diagnosis was earlier
than the reported cases.

The MRI findings were intriguing. On both echocardi-
ography and angiography, the apical portion of the LV in
Case 1 appeared to be composed merely of hypertrophied
myocardium. However, the MRI detected a cavitylike area
separated by muscle from the real LV cavity (Fig. 4a).

With regard to differentiation of APH from another
peculiar cardiomyopathy—idiopathic noncompaction left
ventricular myocardium (INVM)——the latter could be
excluded because there were no projecting muscles or deep
recesses in the apical portion . of the LV on both echocar-
diography and angiography. Matsubara et al. [3]
investigated the effects of apical cavity obliteration by

@ Springer

hypertrophied myocardium during systole in APH and
found that severe obliteration induced myocardial ische-
mia, resulting in aneurysm formation. In Case 1, however,
there was no blood inflow in the apical portion even at first
presentation. Although scintigraphy indicated myocardial
ischemia at the corresponding site, acquired isolation of the
apical cavity was unlikely, making the diagnosis of INVM
improbable. It is possible that the etiology of childhood
APH is different from that of adulthood.

Conclusion

We report two cases of children with APH. Both cases
remained asymptomatic during the follow-up period of
more than 5 years, suggesting good prognosis of the
disease; longer follow-up is needed to monitor for any
complications. We recommend MRI examination to be part
of APH assessment, as it can provide useful information
about the nature of apical myocardial tissue.
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ABSTRACT

LEOPARD syndrome (LS) is a rare inherited disease with multiple somatic abnormalities. LS and Noonan
syndrome (NS) share many features, including cardiovascular disorders, and PTPN11 gene mutation is commonly
reported in both syndromes. We report a 10-year-old male patient who was diagnosed as LS based on typical
phenotypes including multiple lentigines, electrocardiographic abnormalities, ocular hypertelorism and deafness.
Although the most prevalent cardiovascular abnormalities in LS are pulmonary stenosis and hypertrophic cardi-
omyopathy, diffuse bilateral dilatation of the coronary arteries was found on angiography in additon to apical
hypertrophic cardiomyopathy in the present case. The vessels showed slight increases in diameter on angiography
conducted at an interval of 6 years. A literature review identified several case reports describing coronary ectasia in
patients with NS as well as LS. Considering both syndromes share the mutation of PTPN11 gene, coronary arterial
involvement could be related to the gene aberration and should be screened even if the patient shows no symptoms

of ischemic heart disease.

Key Words. Coronary Artery Dilatation; LEOPARD Syndrome; PTPNI1 Gene

Introduction

LEOPARD syndrome (LS) is an autosomal
dominant inherited disorder characterized
by multisystemic abnormalities including multiple
Lentigines, Electrocardiographic abnormalities,
Ocular hypertelorism, Pulmonary stenosis, Ab-
normalities of genitalia, Retardation of growth,
and Deafness. LS shares many phenotypes with
Noonan syndrome (NS), although lentigines and
deafness are usually not present in the latter,
though protein tyrosine phosphatase, nonreceptor-
type 11 (PTPNI1I) gene mutation is commonly
observed in both syndromes.! Pulmonary stenosis
and hypertrophic cardiomyopathy are the most
common cardiac abnormalities in patients with NS
as well as those with LS.! We report a patient with
LS and apical hypertrophic cardiomyopathy who
also had diffuse bilateral dilatation of coronary
arteries.

Congenit Heart Dis. 2009;4:38-41

Case Report

A 10-year-old boy was referred to our hospital
for evaluation of the cardiovascular system. The
patient had been diagnosed with LS at age 5
based on characteristic features, including mul-
tiple lentigines, ocular hypertelorism, growth
retardation, and sensorineural hearing loss. Elec-
trocardiography showed left axis deviation and
low-voltage T wave in the inferiolateral leads
without ST segment deviation. Family history
showed no significant inherited phenotype sug-
gestive of LS or cardiovascular disease. Echo-
cardiography on admission showed myocardial
hypertrophy of the septum and apical portions.
Septal hypertrophy was not prominent with
maximum  thickness of the interventricular
septum of 10 mm. Cardiac catheterization was
then conducted. There was no pressure gradient
in both the right and left ventricular outflow

© 2009 Copyright the Authors
Journal Compilation © 2009 Wiley Periodicals, Inc.
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Figure 1. Coronary arteriograms at age 16, showing diffuse bilateral dilatation of coronary arteries without thrombus
formation in the lumen. Arrows indicate slightly irregular vessel wall of the right coronary artery.

tracts. Selective coronary angiography revealed
diffuse bilateral dilatation of coronary arteries
with a maximum diameter of 6.8 mm for the
right and 5.7 mm for the left anterior descend-
ing branch. There was no coronary arterial fistula
or aneurysm formation indicative of Kawasaki
disease.

Follow-up coronary arteriography performed
at age 16 revealed slight increase in the vessel
diameter, with a maximum diameter of 7.9 mm for
the right and 7.3 mm for the left anterior descend-
ing branch. The vessel wall of the right coronary
artery was slightly irregular (Figure 1). Squeezing
of the peripheral portion of the right coronary
artery was also noted. Left ventriculography
showed the characteristic shape of apical hyper-
trophic cardiomyopathy (Figure 2). However,
electrocardiography still showed no ST deviation.
PTPNI11 gene sequence analysis using peripheral
blood identified a missense mutation in exon 7
(Tyr279Cys).

The patient did not complain of chest pain,
arrhythmias or other cardiac symptoms during
the follow-up period of 12 years without any
medication.

Discussion

The present case demonstrated that LS can be
complicated by coronary artery dilatation as well
as hypertrophic cardiomyopathy and pulmonary
stenosis. Aneurysm formation or ectasia of coro-
nary arteries is usually the secondary manifestation
of a congenital coronary fistula or, more pre-
valently, Kawasaki disease; both disorders could
be excluded in the present case based on history
taking and angiography. A careful search of

Figure 2. Left ventriculogram at age 16, showing a typical
configuration of left ventricular cavity to apical hypertrophic
cardiomyopathy (arrows).

the 1990-2008 PubMed database identified five
reported cases of LS complicated with coronary
artery dilatation”™ (Table 1). Four of them were
recently reported by Limongelli et al.* among 26
patients with LS (one of them overlapped with the
case of reference?®). Thus, the estimated incidence
of coronary dilatation in LS is 15%. Four out of
the five reported cases had PTPNI11 mutation as
in the present case. Although the type of PTPNI11
mutation varied among cases, one had the same
mutation (Tyr279Cys) and showed LV morpho-
logical abnormality similar to our case.?

It is intriguing that coronary artery dilatation
has also been demonstrated in patients with NS,

Congenit Heart Dis. 2009;4:38-41
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Table 1. Noonan Syndrome and LEOPARD Syndrome with Coronary Dilatation
Case Authors (year) Reference no. Age/Gender LS or NS Cardiac Manifestation PTPN11 Mutation
1 Nomura et al. (2000) 5 10/M NS HOCM ND
2 Ucar et al. {2005) 6 12/F NS CAN, PS, ASD, VSD ND
3 Wong et al. {1990) 7 23/M NS CoA, AVA, PDA ND
4 Loukas et al. (2004) 8 26/F NS PS ND
5 Limongelli et al. (2007) 4 2 LS AVA, MVA Thr468Met
6 Limongelli et al. (2007) 4 7 LS PS, MVA, LVS Tyr279Cys
7 Pacileo et al. {2006) 3 13/M LS HOCM Exon 13, Arg498Leu
8 Hagspiel et al. (2005) 2 17/M LS PS, HOCM ND
9 Limongelli et al. (2007) 4 39 LS HOCM Negative
10 Present case — 10/M LS APH Exon7 Tyr279 Cys

APH, apical hypertrophic cardiomyopathy; Arg, arginine; ASD, atrial septal defect; AVA, aortic valve abnormalities; CAN, coronary aneurysm; CoA, coarctation of
aorta; Cys, cysteine; HOCM, hypertrophic obstructive cardiomyopathy; Leu, ieucine; LS, LEOPARD syndrome; LVS, left ventricular shape abnormality; Met,
methionine; MVA, mitral valve abnormalities; ND, not described; NS, Noonan syndrome; PDA, patent ductus artericles; PS, pulmonary stenosis; Thr, threonine;

Tyr, tyrosine; VSD, ventricular septal defect.

because PTPNI1I gene mutation has been iden-
tified in both syndromes. A careful search of
the 1990-2008 PubMed database identified four
reported cases of NS complicated with coronary
dilatation, *-® including a case with giant aneurysm
reported by Wong et al.” (Table 1). It is known
that LS and NS have common cardiovascular
manifestations, pulmonary stenosis, and hyper-
trophic cardiomyopathy, although the most
common heart defect is different between the two
syndromes. In NS, pulmonary stenosis is the most
common and is associated with a codon 308 muta-
tion hot spot.! On the other hand, hypertrophic
cardiomyopathy is the most common in LS in
association with mutation hot spots in exons 7 and
12.! Screening for coronary artery abnormalities is
important in the management of patients with LS
and NS because thrombus formation can develop
in dilated coronary arteries. Also, prophylactic
administration of anticoagulant and antiplatelet
drugs was recommended in previous reports,®
although ischemic heart disease associated with
thrombus formation has not been reported in LS
and NS with dilated coronary arteries. Surgical
resection or reconstruction should also be con-
sidered for large coronary aneurysms to avoid
complications such as rupture, thrombosis, and
coronary embolization. However, the size criteria
of surgical intervention in an asymptomatic
patient have not been established, and most of the
patients who underwent surgery in the literature
had a giant aneurysm, e.g., >50 mm in diameter.”
Therefore, simple observation or conservative
therapy with antiplatelet drugs is justifiable for
our patient. Further studies in a large number of
patients are needed to determine whether prophy-
lactic anticoagulation therapy and surgery should
be considered in LS and NS.

Coronary artery ectasia because of atheros-
clerosis is rather common in adulthood, and two
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mechanisms have been proposed.'® The favorable
one is severe and chronic inflammation and the
less favorable is vascular overstimulation by exog-
enous interstitial nitric oxide. The involvement of
metalloproteinases and plasma soluble adhesion
molecules was also reported as a possible mecha-
nism. However, the abovementioned pathologies
have not been reported in LS or NS, and are also
unlikely in the present case. As a congenital
mechanism of coronary ectasia, jet blood flow pro-
duced by bicuspid aortic valve was reported in
three neonates.!! Although the presence of bicus-
pid aortic valve is common in NS, the present case
did not have such a lesion. Further, the dilated site
produced by jet flow tends to be confined to the
proximal portion of the coronary artery,!’ com-
pared with the present case which showed diffuse
dilatation at longer segments.

Although PTPN11 gene mutation is a possible
background of many kinds of congenital heart
defects and is possibly involved in coronary dila-
tation, its role in the pathogenesis remains to
be clarified. PTPNI1I gene maps to chromosome
12q22-pter and encodes the human Shp2, the
nonreceptor-type protein tyrosine phosphatase,
which is a signal-enhancing component of growth
factor, cytokine, and extracellular matrix recep-
tor signaling.'” Shp2 is involved in the signaling
cascade of the vascular endothelial growth factor
through interaction with the angiopoietin-1
receptor (Tie-2), and exerts mitogenic effects
on vascular smooth muscle cells under the nitric
oxide-induced pathway.!* These mechanisms may
explain the vascular abnormalities, including coro-
nary dilatation in LS patients. However, PTPN11
mutations were evident in approximately 60-80%
of LS and 30-50% of NS reported in the litera-
ture,"** and mutations are located in the different
domain of the protein. Further, a number of genes
of the Ras mitogen-activated protein kinase
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pathway are involved in the pathogenesis of LS
and NS.!" It is unclear how the specific mutation
Tyr279Cys is causing the different phenotype. Itis
possible that there might be other genes or single
nucleotide polymorphisms associated with coro-
nary dilatation in LS. Further studies are needed
to elucidate how the genotype influences the clini-
cal phenotype in LS patients.

Conclusion

LS and NS share multsystemic phenotypes
including abnormalities in cardiovascular system
as well as PTPNI11 gene mutation. Coronary
artery dilatation is an additional important cardio-
vascular complication in both syndromes, and we
recommend screening such patients even if they
show no symptoms of ischemic heart disease.
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