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How should we explain to parents the need for chromosomal tests and notify their results?
—Implications for the desirable way of notification and counseling from questionnaire investigations

Michiko Doi?, Tatsuro Kondoh?, Kanako Morifuji®, Hideki Motomura?,
Hideaki Masuzaki?, Tadashi Matsumoto?, Hiroyuki Moriuchi?

Departments of Pediatrics?, and Obstetrics and Gynecology?, Nagasaki University Hospital :
Division of Developmental Disabilities, The Misakaenosono Mutsumi Developmental, Medical and Welfare Center?
Department of Nursing, Nagasaki University School of Health Sciences®

To understand current situation about explanation of the need for chromosomal tests and notification of their
results to parents who have children with chromosomal aberrations, questionnaire investigation was performed to
the parents, pediatricians and obstetricians. More than 50% of the parents were not satisfied with explanation
and notification that they received. However, parents with younger patients tend to have greater satisfaction
with them than those with elder ones. There is a great gap between the current status and an idealized image of
notification and counseling, so is between pediatricians’ and obstetricians’ views. While many obstetricians
considered that definite diagnosis be done before 22 weeks of gestational age, many pediatricians did not regard
the timing of diagnosis as important. It is thought that the doctors involved should have sufficient knowledge
about the natural history and social circumstances of the respective patients with chromosomal aberration in
order to provide proper explanation, notification and counseling to patients’ families. Furthermore, the
organization of a team consisting of specialists in various fields is essential for establishment of an desirable
support system.
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The Efficacy of Donepezil Treatment on the Activity of Daily Life and Growth Rate
in a 5-Year-Old Boy with Down Syndrome

Yoshikazu Otsubo”, Yoko Ushiroda®, Tatsuro Kondoh? and Hiroyuki Moriuchi®
YDepartment of Pediatrics, Sasebo Municipal General Hospital
?Division of Developmental Disabilities, Misakaenosono Mutsumi,
The Institute for Persons with Severe Intellectual/Motor Disabilities
9Department of Pediatrics, Nagasaki University Hospital

Down syndrome (DS) patients share certain neuropathological features with Alzheimer disease (AD) pa-
tients. Aside from AD-like dementia, DS patients occasionally develop neurobehavioral disorders of unknown
causes that lead to rapidly progressive deterioration of their activities of daily lives in adolescence or early
adulthood. Some DS children aged 10 or younger develop voiding dysfunction, possibly associated with cholin-
ergic abnormalities. The anti-AD drug donepezil, a cholin esterase inhibitor, has been shown to effectively im-
prove the activities of daily life in DS patients : however, its efficacy and safety in children with DS remain un-
known. We herein report the successful treatment with donepezil of a 5-year-old boy with DS who had been
suffering from intractable anorexia and an autistic state. To the best of our knowledge, he is the youngest pa-
tient treated with donepezil, and his clinical state and prompt response to donepezil treatment suggest that
even young children with DS have a risk of progressive deterioration of behavioral and mental state that ap-
parently results from transient or reversible cholinergic abnormalities.
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BRESEK/BRESHECK syndrome is a multiple congenital malfor-
mation characterized by brain anomalies, intellectual disability,
ectodermal dysplasia, skeletal deformities, ear or eye anomalies,
and renal anomalies or small kidneys, with or without Hirsch-
sprung disease and cleft palate or cryptorchidism. This syndrome
has only been reported in three male patients. Here, we report on
the fourth male patient presenting with brain anomaly, intellec-
tual disability, growth retardation, ectodermal dysplasia, verte-
bral (skeletal) anomaly, Hirschsprung disease, low-set and large
ears, cryptorchidism, and small kidneys. These manifestations
fulfill the clinical diagnostic criteria of BRESHECK syndrome.
Since all patients with BRESEK/BRESHECK syndrome are male,
and X-linked syndrome of ichthyosis follicularis with atrichia
and photophobia is sometimes associated with several features of
BRESEK/BRESHECK syndrome such as intellectual disability,
vertebral and renal anomalies, and Hirschsprung disease, we
analyzed the causal gene of ichthyosis follicularis with atrichia
and photophobia syndrome, MBTPS2, in the present patient
and identified an p.Arg429His mutation. This mutation has
been reported to cause the most severe type of ichthyosis
follicularis with atrichia and photophobia syndrome, including
neonatal and infantile death. These results demonstrate that the
p.Arg429His mutation in MBTPS2 causes BRESEK/BRESHECK
syndrome. © 2011 Wiley Periodicals, Inc.

Key words: BRESEK/BRESHECK syndrome; IFAP syndrome;
MBTPS2; mutation; S2P

INTRODUCTION

BRESEK/BRESHECK syndrome (OMIM# 300404), a multiple
congenital malformation disorder characterized by brain anoma-
lies, intellectual disability, ectodermal dysplasia, skeletal deform-
ities, Hirschsprung disease, ear or eye anomalies, cleft palate or

© 2011 Wiley Periodicals, Inc.
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cryptorchidism, and kidney dysplasia/hypoplasia [Reish et al.,
1997]. The acronym BRESEK refers to the common findings,
whereas BRESHECK refers to all manifestations. Because the first
two patients were maternally related half brothers, an X-linked
disorder was proposed. Although each symptom of these patients is
often observed in other congenital diseases, the combination of all
symptoms is rare, and only one additional patient with BRESEK has
been reported to date [Tumialdn and Mapstone, 2006]. Here, we
present the fourth male patient with multiple anomalies. The
patient presented with a variety of clinical features that were consistent
with those of the previously reported BRESHECK syndrome.
The syndrome of ichthyosis follicularis with atrichia and
photophobia (IFAP, OMIM# 308205), an X-linked recessive

oculocutaneous disorder, is characterized by a peculiar triad of £

ichthyosis follicularis, total or subtotal atrichia, and varying degrees
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of photophobia [MacLeod, 1909]. Martino et al. [1992] reported a
male patient with IFAP syndrome presented with short stature,
intellectual disability, seizures, hypohidrosis, enamel dysplasia,
congenital aganglionic megacolon, inguinal hernia, vertebral and
renal anomalies, and the classic symptom triad of IFAP syndrome.
This report broadened the clinical features of IFAP syndrome. It
should be noted that the clinical symptoms of this patient are quite
similar to those of BRESHECK syndrome, with the exception of
cleft palate, cryptorchidism, and photophobia (Patient 5; Table I).
The gene mutated in patients with IFAP syndrome, MBTPS2
(GenBank reference sequence NM_015884), was identified from
a variety of clinical features of IFAP syndrome, including the triad
and neonatal death [Oeffner et al., 2009]. Thus, the mode of
inheritance and several clinical features are common to both
BRESEK/BRESHECK and IFAP syndromes. These findings
prompted us to perform mutation analysis of MBTPS2 in the
present patient, resulting in the identification of a missense
mutation.

MATERIALS AND METHODS
Patients

Written informed consent was obtained from the parents of the
patient. Experiments were conducted after approval of the institu-
tional review board of the Institute for Developmental Research,
Aichi Human Service Center. The patient (II-1; Fig. 3) wasborntoa
31-year-old mother (I-2) and a 31-year-old father (I-1), both
healthy Japanese individuals without consanguinity. His mother
miscarried her first child at 5 weeks. The pregnancy of the patient
reported here was complicated with mild oligohydramnios, and he
was delivered by caesarean because of a breech position at 38 weeks
of gestation. His birth weight was 1,996g (—2.6 SD), and he
measured 44cm (—2.6 SD) in length with an occipitofrontal
circumference of 32.5cm (—0.5 SD). Apgar scores at 1 and
5min were four and eight, respectively. The patient exhibited
generalized alopecia and lacked eyelashes, scalp hair, and eyebrows
(Fig. 1A). The skin on the entire body was erythematous with
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continuous desquamation (Fig. 1A). He had malformed large ears,
an inferiorly curved penis, and a bifid scrotum. The testicles were
not palpable. He experienced persistent constipation, and total
colonic Hirschsprung disease was confirmed through barium
enema (Fig. 2E) and rectal biopsy at 2 months. A bone survey
performed using three-dimensional (3D) computed tomography
(CT) showed abnormal imbalanced hemivertebrae in the two
lowest thoracic vertebral bodies (Fig. 2C). The patient’s right
kidney was smaller than normal. Brain magnetic resonance
imaging (MRI) at 3 years of age demonstrated decreased volumes
of the frontal and parietal lobes and thinning of the corpus
callosum with dilatation of the ventricles (Fig. 2A,B). There were
no abnormalities of the eyes or optic nerves. We concluded that the
patient had BRESHECK syndrome. The patient had seizures at
5 months of age with an apneic episode and cyanosis. Electro-
encephalographic (EEG) analysis showed abnormal patterns of
sharp waves in the posterior lobe. The seizures were almost
completely controlled with phenobarbital. The patient was
allergic to milk. At 7 months, tracheal endoscopy revealed sub-
glottic tracheal stenosis and abnormal segmentation of the left lung.
A chest CT performed at 3 years of age showed a congenital
cystic adenomatoid malformation (CCAM) in the right upper
lobe (Fig. 2D). Auditory brain stem responses showed bilateral
80 dB hearing loss at 8 months of age.

The patient exhibited delayed psychomotor development during
his infancy. He could drink from a bottle at the age of 3 months and
could sit up unsupported at 15 months. Abdominal skin biopsy at
15 months revealed reduced number of hair follicles (Fig. 1D). The
eccrine glands were normal (Fig. 1E), and most of his hair follicles
appeared to be hypoplastic (Fig. 1F). These findings were similar to
ichthyosiform erythroderma. Photophobia was noted when the
patient left the hospital and first went outside at 18 months of age.
At2years and 6 months of age, he had a series of epileptic episodes.
He experienced a maximum of 100 seizures per day, and EEG
analysis showed continual abnormal spikes in the posterior lobe.
The seizures were controlled with clonazepam therapy. At 2 years
and 9 months of age, he could stand with support and displayed
social smiles when interacting with other people. However, the
patient developed psychomotor regression at the age of 3 years. He
exhibited a progressive loss of emotional response to others,
developed hypotonia, and could not stand or sit alone. At 4 years
of age, he became bedridden and showed almost no response to
people. He had highly desquamated skin, similar to that seen in
ichthyosis (Fig. 1B), and easily developed erythema on the skin of
the entire body. The patient had deformed and thickened nails
(Fig. 1C). He had persistent corneal erosions, but ophthalmoscopy
could not be performed at the age of 4 years because of corneal
opacification.



AMERICAN JOURNAL OF MEDICAL GENETICS PART A

Chromosomal and Molecular Genetic Studies

Genomic DNA isolated from the patient’s peripheral white cells by
phenol/chloroform extraction was used for MBTPS2 mutation
analysis. PCR-amplified DNA fragments were isolated using the
QIAEX II Gel Extraction Kit (Qiagen, Valencia, CA) and purified
using polyethylene glycol 6000 precipitation. PCR products
were sequenced with the Big Dye Terminator Cycle Sequencing
Kit V1.1 and analyzed with the ABI PRISM 310 Genetic Analyzer
(Life Technologies, Carlsbad, CA). We also performed G-banded
chromosome analysis at a resolution of 400—550 bands, genome-
wide subtelomere fluorescence in situ hybridization (FISH)
analysis, and array comparative genomic hybridization (array CGH)
using Whole Human Genome Oligo Microarray Kits 244K
(Agilent Technologies Inc., Palo Alto, CA) to identify genomic
abnormalities.

RESULTS

G-banded chromosome analysis and genome-wide subtelomere
FISH analyses did not show chromosomal rearrangements in the
patient. Array CGH analysis did not show copy number changes in
the patient’s genome with the exception of known copy-number
variations (CNVs). Since some patients with IFAP syndrome have
been reported to present with several clinical features of BRESEK/
BRESHECK syndrome, including severe intellectual disability,
vertebral and renal anomalies, and Hirschsprung disease, we con-
ducted a comprehensive sequencing analysis of all exons and
intron—exon boundaries of MBTPS2. This analysis identified a

missense mutation (¢.1286G>A, [p.Arg429His]) in exon 10, which
was previously reported for IFAP syndrome (Fig. 3). The mutation
was also found in one allele of the mother (I-2), indicating that the
mutation was of maternal origin and that the mother was a
heterozygous carrier (Fig. 3).

DISCUSSION

In this report, we describe the fourth male patient with BRESHECK
syndrome in whom we identified a missense mutation
(c.1286G>A, [p.Arg429His]) in MBTPS2, which is the causal
gene for IFAP syndrome. MBTPS2 encodes a membrane-embedded
zinc metalloprotease, termed site-2 protease (S2P). S2P cleaves and
activates cytosolic fragments of sterol regulatory element binding
proteins (SREBP1 and SREBP2) and a family of bZIP membrane-
bound transcription factors of endoplasmic reticulum (ER) stress
sensors (ATF6, OASIS), after a first luminal proteolytic cut by site-1
protease (S1P) within Golgi membranes [Sakai et al., 1996; Ye et al.,
2000; Kondo et al., 2005; Asadaetal., 2011]. The SREBPs control the
expression of many genesinvolved in the biosynthesis and uptake of
cholesterol, whereas ATF6 and OASIS induce many genes that clean
up accumulated unfolded proteins in the ER. Dysregulated SREBP
activation, impaired lipid metabolism, and accumulation of
unfolded proteins in the ER caused by MBTPS2 mutations could
lead to disturbed differentiation of epidermal structures, resulting
in the symptom triad of IFAP syndrome [Cursiefen et al., 1999;
Traboulsi et al., 2004; Elias et al., 2008]. Oeffner et al. [2009] first
identified five missense mutations in MBTPS2in patients with IFAP
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syndrome. Transfection studies using wild type and mutant
MBTPS2expression constructs demonstrated that the five MBTPS2
mutations did not affect S2P protein amount and localization in the
ER. However, enzyme activities, as measured by sterol responsive-
ness, were decreased in S2P-deficient M19 cells when the mutant
MBTPS2was transiently expressed. Interfamilial phenotypic differ-
ences between male IFAP patients and the properties of mutants in
functional assays predict a genotype—phenotype correlation, rang-
ing from mild forms of the triad with relatively high enzyme activity
(~80%) to severe manifestations of intellectual disability, various
developmental defects, and early death with low enzyme activity
(~15%). The identified p.Arg429His mutation in the patient
reported here is one of the five missense mutations with the lowest
enzyme activity. It was previously reported that all four patients
harboring the p.Arg429His mutation died within 14 months of
birth. The five mutations were not located in the HEIGH motif
(amino acids [aa] 171—175) or in the LDys,G sequence, both of
which are regions important for coordinating the zinc atom at
the enzymatic active site for protease activity in the Golgi mem-
brane [Zelenski et al., 1999]. However, among the five mutations,
the p.Arg429His mutation is located closest to the intramembra-
nous domain, and it strongly reduced the enzymatic activity and
caused a severe phenotype. This finding suggests that mutations in
the HEIGH motif or in the LD,4,G sequence are fatal because they
lead to a null function of the S2P. Although the detailed skin
findings of the four patients with the p.Arg429His mutation have
not been reported, it should be noted that one of the four patients
(3-111:4) with the p.Arg429His mutation had brain anomaly, seiz-
ures, psychomotor retardation, vertebrae anomaly, Hirschsprung
disease, absence of a kidney, atrial septum defect, and inguinal

hernia, in addition to the symptom triad of IFAP syndrome
[Oeffner et al., 2009]. These symptoms overlap with the majority
of symptoms observed in BRESHECK syndrome (BRESHK; six of
eight symptoms observed in BRESHECK) (TableI), and the present
patient has BRESHECK syndrome. Collectively, these observations
suggest that the most severe form of the syndrome caused by the
p-Arg429His mutation in MBTPS2 shows features quite similar or
identical to those of BRESEK/BRESHECK syndrome.

There are two major differences in the definitions of IFAP
syndrome and BRESEK/BRESHECK syndrome. Ichthyosis follicu-
laris, one of the triad symptoms of IFAP syndrome, is a clinical
condition of the skin. However, several studies on IFAP syndrome
have reported various skin eruptions such as psoriasis-like and
ichthyosis-like eruptions [Martino et al., 1992; Sato-Matsumura
et al,, 2000]. In contrast, patients with BRESEK/BRESHECK syn-
drome showed severe lamellar desquamation with diffuse scaling
[Reish et al., 1997], similar to that observed in the present patient.
This could be because of the difference in features of the skin,
namely, ichthyosiform erythroderma-like appearance versus ich-
thyosis follicularis, in patients with the most severe forms of
MBTPS2 mutation and patients with IFAP syndrome who were
described earlier, respectively.

The second difference is that photophobia was not described
in the reported three male patients with BRESEK/BRESHECK
syndrome [Reish et al., 1997; Tumialdn and Mapstone, 2006]. In
the present patient, photophobia became evident after he was
diagnosed with BRESHECK syndrome. Photophobia is a symptom
of epithelial disturbances of the cornea, such as ulceration and
vascularization, which result in corneal scarring [Traboulsi et al.,
2004]. In the most severe cases of MBTPS2 mutation, such as
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patients with severe intellectual disability who are bedridden and
die early, it is likely that the patients were treated in the hospital
without being exposed to sunlight. Therefore, it would be difficult
to observe photophobia as a main symptom in those cases. More-
over, two previously described patients with BRESEK/BRESHECK
syndrome had initial maldevelopment of one eye or small optic
nerves. In these patients, photophobia may not have been obvious
because of malformations of the eyes and optic nerves [Reish et al.,
1997]. In our study, the patient showed clinical features of BRE-
SHECK syndrome and photophobia with MBTPS2 mutation,
indicating that the clinical features of the present patient are
extremely broad compared to the features of IFAP syndrome caused
by MBTPS2 mutation that have been previously reported
[MacLeod, 1909].

Recently, a missense mutation (¢.1523A>G, [p.Asn508Ser]) in
MBTPS2wasidentified from 26 cases of three independent families
with keratosis follicularis spinulosa decalvans (KFSD; OMIM#
308800), which is characterized by the development of hyperker-
atotic follicular papules on the scalp followed by progressive
alopecia of the scalp, eyelashes, and eyebrows in addition to child-
hood photophobia and corneal dystrophy [Aten et al., 2010].
A significant association was found between KFSD and the
p-Asn508Ser mutation. The specific localization of alopecia to
the scalp, eyelashes, and eyebrows and the limited childhood
photophobia of KFSD indicate that KFSD has a relatively mild
phenotype. The authors postulate that IFAP syndrome and KFSD
are within the spectrum of one genetic disorder with a partially
overlapping phenotype and propose that a new name should be
chosen for KESD/IFAP syndrome with an MBTPS2 mutation. In
contrast, the BRESHECK syndrome observed in the present patient
has a severe phenotype caused by the p.Argd29His mutation. The
present patient and the two patients (3-11I:3 and 3-111:4) with the
p-Argd29His mutation displayed broader clinical features, includ-
ing eight features (BRESHECK) and six features (RESHCK and
BRESHK) of BRESEK/BRESHECK syndrome, respectively
(patients 4, 6, and 7; Table I) [Oeffner et al., 2009]. There is a
debate regarding whether the two patients harboring six features
were correctly diagnosed with BRESEK/BRESHECK syndrome
since the patients did not have “BRESEK” but rather a combination
of six other clinical features. To better understand and clearly
distinguish the clinical features of the present patient from those
of the reported patients with MBTPS2 mutations, we propose the
nomenclature of “BRESHECK/IFAP syndrome” for the present
patient because he has clinical features of BRESHECK syndrome.
We also suggest that the BRESHECK/IFAP syndrome be used for a
broader definition that would include patients harboring most
features of BRESHECK syndrome, including the previously
reported two patients (3-111:3 and 3-111:4) with p.Arg429His muta-
tion in MBTPS2 [Qeffner et al., 2009]. Data from further genetic
and clinical studies on more patients are required to determine
which genes or MBTPS2 mutations are associated with BRESEK/
BRESHECK or BRESHECK/IFAP syndrome, respectively.
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Abstract

Objective: To evaluate the effectiveness of mass screening of newborns for congenital hypothyroidism of
central origin (CH-C) by measurement of free thyroxine (FT,4) and thyroid-stimulating hormone (TSH).
Design: Questionnaire-based survey of CH-C patients born between 1999 and 2008 in Kanagawa
prefecture, Japan.

Methods: TSH and FT4 levels in dried blood spots on filter paper were measured using ELISA kits, and
CH-C was diagnosed at FT, levels below a cutoff of 0.7 ng/dl (9.0 pmol/l). Survey results were collated
with the database created by the screening organizer.

Results: Twenty-four CH-C patients (18 males) were identified, 14 of whom had multiple pituitary
hormone deficiencies (group M), eight had isolated CH-C (group I), and two had undetermined
pituitary involvement (group U). In groups M, [, and U, the number of patients with FT, levels below
the cutoff value at screening was five (36%), seven (88%), and one (50%) respectively; other patients
had been diagnosed clinically. Thus, 13 patients were true positives, while nine were false negatives,
yielding screening sensitivity of 59.1% and positive predictive value of 11.5%. The calculated
sensitivity was 81.8% at a higher cutoff value of 0.9 ng/dl (11.6 pmol/l). The overall incidence of CH-C
was estimated at 1 in 30 833 live births, while that of CH of thyroidal origin (CH-T) is 1 in 3472 live
births in Kanagawa prefecture (CH-T/CH-C, 8.9).

Conclusions: Newborn screening with combined FT4 and TSH measurements can identify a significant
number of CH-C patients before manifestation of clinical symptoms, but a more appropriate FT, cutofl

value should be considered.

European Journal of Endocrinology 166 829-838

Introduction

- Screening of newborns for congenital hypothyroidism
(CH) is now routinely used in most of the developed
world and in an increasing number of developing
countries, which has prevented serious intellectual
sequelae in a considerable number of patients with CH
(1, 2). While most CH cases are due to CH of thyroidal
origin (CH-T) manifesting as thyroid dysgenesis or
thyroid hormone synthesis defects, a significant number
of CH cases are due to inadequate thyroid-stimulating
hormone (TSH) secretion from the anterior pituitary (3,
4,5,6,7,8,9). The latter category of CH cases is termed
as CH of central origin (CH-C). The incidence of CH-C is
estimated to be ~1 in 20 000-30 000 live births (3, 5,
6, 7, 10), which is much higher than previously
thought. Nevertheless, CH screening in Japan is mainly
based on the detection of elevated TSH levels in dried

© 2012 European Society of Endocrinology

blood samples on filter paper (primary TSH strategy).
This assay has demonstrated high sensitivity in
detecting CH-T (11, 12) but failed to identify newborns
with CH-C. On the other hand, screening based on the
detection of low T, levels (primary T, strategy) can
identify CH-C newborns only inefficiently, as false-
positive cases are inevitable due to both thyroxine-
binding globulin (TBG) deficiency and transient low T4
levels in critically ill newborns.

To overcome this situation, The Netherlands has
implemented a system of assaying TSH, T4, and TBG,
which can eliminate false-positive results caused by TBG
deficiency (5, 6). Assaying free T, (FT,) may be an
alternative solution because FT, is less influenced by
TBG than T,4. Moreover, determination of FT4 seems to
be superior to that of T, because this reduces false-
positive cases in premature newborns, according to the
report of a smaller difference between full-term and
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preterm newborns in FT, levels than in T, levels
measured in dried blood samples on filter paper (13).
Therefore, in Kanagawa prefecture, we have adopted
a strategy of simultaneously measuring TSH and FT4 in
all newborns using a filter paper assay (9). Sapporo city
has also adopted the same screening system. The report
of a 5-year audit in Sapporo city was released in 2004,
in which six CH-C cases were identified through this
screening (7). However, the study in Sapporo included
only patients showing positive screening results, which
preclude evaluation of the sensitivity of screening in
detecting CH-C. In addition, the annual birth rate in
Sapporo is approximately one-fourth of Kanagawa
prefecture.

To evaluate the effectiveness of our CH-C screening
system, we have conducted a detailed, comprehensive
survey of CH-C patients from Kanagawa region, Japan.
In this study, all CH-C cases detected via screening and
diagnosed clinically were included and used to estimate
the sensitivity and positive predictive value (PPV) of the
screening method.

Subjects and methods

Outline of newborn screening system

Kanagawa prefecture, in which Yokohama is the main
city, is located in the central region of the Japanese
islands, neighboring the Tokyo metropolitan area. The
annual number of births in Kanagawa prefecture has
been ~ 70 000 in recent years. The incidence of CH-T in
Kanagawa prefecture is estimated to be 1 in 3472
births. Neonatal screening is exclusively conducted by
the Neonatal Mass-screening Committee (NMC) of the
Kanagawa Prefecture Medical Association (KPMA),
which comprises executive officers, technical experts,
gynecologists, general pediatricians, and pediatric
endocrinologists. The screening procedure adopted by
the NMC-KPMA is based on the determination of TSH
and FT, in dried blood spots on filter paper obtained 4 to
7 days after birth (median sampling day was the fifth
day). According to the standard practice followed,
newborns with high TSH levels (=30 plU/ml serum)
are immediately sent to one of the several pediatric
endocrine units within the prefecture. A second filter
paper sampling is requested for those with borderline
TSH levels (15-30 uIU/ml serum) or low FT4 levels
(<0.7 ng/dl of serum (9.0 pmol/l)). If the results again
indicate borderline TSH or low FT,, the baby is sent for
a thorough evaluation. Thus, CH-C is suspected if FT4
levels are low in two consecutive samples. To eliminate
cases with transient low FT, due to prematurity,
samples taken from the newborns with birth weight
<2000 g are considered to be preliminary, and the
results are sent to each attending physician as an
unofficial report. Once the baby attains a weight of

www.eje-online.org
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2500 g or reaches 30 days of age, the first sample is
requested.

TSH levels in filter paper samples were determined by
ELISA using mouse monoclonal antihuman TSH
antibodies (Eiken Chemical Co. Ltd., Tochigi, Japan).
To determine FT, levels in filter paper samples,
ENZAPLATE N-FT, was used (Siemens Healthcare
Diagnostics K.K., Tokyo, Japan), which is an ELISA kit
based on a competitive reaction between sample FT,
and peroxidase-tagged human T4 to bind to rabbit
polyclonal antihuman T, antibody (first antibody).
A 3 mm disc is punched out from the filter paper and
is incubated with peroxidase-tagged T, and the first
antibody in a reaction mixture of 150 pl for 4 h at 18-
25 °C in a micro-well plate with immobilized caprine
antirabbit IgG antibodies (second antibody). After
removal of the filter paper disc and washing five times,
O-phenylenediamine is added, and the absorbance is
then measured at 492 nm. A calibration curve is
established using standard filter paper samples of
known FT, concentrations, which are provided by the
manufacturer. FT, level in the sample is then
determined by comparison with the calibration curve.

The performance of this kit, of which there is only one
study, reported in a Japanese journal (14), is as follows.
The FT, determination range is 0.5-5.0 ng/dl, which is
based on a precision level lower than 15% of the
coefficient of variation (CV). Intra-assay CV is 7.6—
15.0%, whereas inter-assay CV is 9.4-18.5%. The
correlation between the FT4 levels measured by this kit
and the electrochemiluminescence immunoassay
(ECLIA) kit (Elecsys FT4; Roche Diagnostics) is shown
in Fig. 1.

Preliminary survey

A preliminary survey was conducted in December
2008. Questionnaires were sent to all 139 hospitals
with a pediatric section in Kanagawa prefecture. The
questionnaire included questions about the number of
CH-C patients born in Kanagawa prefecture between
January 1999 and December 2008 and treated
continuously with levothyroxine (1-T4). CH-C was
defined as CH considered to be of hypothalamic or
pituitary origin, excluding acquired sequelae of head
trauma, brain tumor, etc., and irrespective of involve-
ment of other pituitary functions. Cases of hypothyrox-
inemia due to prematurity were excluded.

Secondary survey

In April 2009, we requested the corresponding doctors
caring for the probable CH-C patients identified in the
preliminary survey to provide detailed information,
including patient profile, medical complications, data
on newborn screening, and results of thyroid function,
thyroid imaging studies, and pituitary function tests
with imaging information.
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Figure 1 Correlation between FT, levels in dried blood samples on
filter paper measured by ELISA and FT, serum levels measured by
ECLIA for newborns and young infants. Filter paper blood speci-
mens and serum samples were collected simultaneously from 26
infants younger than 2 months. FT, levels of blood samples on the
filter paper were measured by an ELISA kit, whereas serum FT,
was measured by ECLIA.

Collation study

After completion of the secondary survey, we collated
the list of CH-C patients identified through the above
surveys with the NMC-KPMA database, in which
information from the first-line investigation at the
pediatric endocrine unit and the screening results for
all patients with positive screening results had been
compiled.

Patient categorization

CH-C patients identified through the secondary survey
and collation study were categorized into three groups
according to the involvement of other pituitary
hormones. Group M comprised CH-C patients with at
least one pituitary hormone deficiency other than
insufficient TSH secretion. These patients were
considered to have congenital hypopituitarism with
multiple pituitary hormone deficiencies. The diagnosis
of each pituitary hormone deficiency was based on the
attending physician’s evaluation, except for GH defici-
ency, which was verified by at least one pharmacological
stimulation test. Group I comprised isolated CH-C
patients without pituitary involvement other than
TSH insufficiency. Group U consisted of CH-C patients
for whom pituitary involvement was undetermined.

Statistical analysis

Statistical analysis was carried out using Microsoft
Office Excel 2007 (Microsoft Corporation). Correlation
between the assay results of FT4 (ELISA) in filter paper

Newborn screening with FT, 831
samples and serum FT4 (ECLIA) was evaluated by linear
regression analysis. Mann—Whitney U-test was used to
compare FT, values between groups M and I. Fisher’s
exact probability test was used to compare the incidence
of screening positive patients according to the etiologi-
cal categories (groups M and I). P values of <0.05 were
considered to be significant.

The Ethics Committee of Kanagawa Children’s
Medical Center reviewed and approved the study
procedures.

Results

Out of the 139 hospitals from Kanagawa prefecture to
which the preliminary survey questionnaire was sent,
responses were obtained from 94 hospitals, including
14 hospitals stating that they currently had no pediatric
section. Accordingly, the actual response rate was
calculated to be 64.0% (80/125 hospitals with pediatric
sections). Through this primary survey, 42 patients
with probable CH-C (2-11 years old) were identified at
14 out of the 80 hospitals.

Figure 2 shows the number of CH-C patients, both
probable and confirmed, identified through the surveys.
The preliminary survey identified 42 probable patients,
of which 20 patients were considered to represent true
CH-C cases. After collation with the NMC-KPMA
database, 24 CH-C patients (of which 18 were male)
were finally identified. Details of each patient are
summarized in Tables 1 and 2. As the total number of
newborns screened during the study period was
740 003, we calculated the minimal incidence of

Coliation study
with the database built by the Neonatal
Mass-screening Committee of Kanagawa
Prefecture Medical Association
(patients born 1989~2008, n = 740 003)

Preliminary survey
{to 138 pediatric sections in Kanagawa
prefecture, patients born 1999-2008)

42 patients of probable CH-C

Secondary survey 113 cases of suspected GH-C
to 13 responders to the preliminary survey)) (Two consecutive low filter-paper FT, levels)
I
) ) i 1 1 1 1
Five hospitals never responded
(correponding 11 patients) - . Low FT, . TBG
Four withdrawal (out of target age) f;:l«i Tr(a:%s.gn( dueto’ tﬁ:;‘::’ ici
Two withdrawal (duplicate registration) (n=20) (n=8 i (n=26) (n=12)
Twwo withdrawal (bor in other prefectures) =6 [ (n=23)
“Three withdrawal {denial of the i
*Others
20 patients of CH-C I Already True Data not| (n=26)
i CH-C btained|
(n=8) (n=4) (n=8)

24 patients of CH-C

Figure 2 Overview of the study. *Three patients were excluded
because they were judged not to have CH-C. Of these, two patients
were diagnosed with CH-T with delayed TSH elevation, while the
third patient had transient low FT,;F possibly because of an
emotional deprivation syndrome. 'including one newborn with
hydranencephaly. *Patients from whom we could not obtain detailed
information.
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Table 1 Characteristics of 14 patients with CH-C with multiple pituitary hormone deficiencies (group M). Patient 13 was already on L-thyroxine treatment at the time of screening.

At birth FT, values at Sc (ng/dl) At first presentation

Pt. no,, Diagnostic 1st sample 2nd sample Serum TSH Serum FT4 Deficient MR imaging

sex Year Wt (g) symptom (age) (day) (day) (rIU/mi) (ng/dh) pituitary hormones of the CN

1,F 1999 2872 Low vision (4M) 0.90 (5) 1.59 0.86 TSH, GH, AVP APS, EPP, ONH, ASP

2,F 2000 3352 SS (1Y) 1.42 (4) 4.34 0.75 TSH, GH, LH/FSH APS, EPP, PH

3,F 2000 2994 SS (4Y) 1.80 (5) 0.79 0.84 TSH, GH, AVP Normal

4, M 2000 4420 Icterus (2M) 0.81 (26) 2.90 1.00 TSH, GH, ACTH APS, EPP, ONH, ASP

5 M 2001 3240 Shock (1D) 0.83 (7) 7.40 0.70 TSH, GH, ACTH, APS, EPP, ONH
LH/FSH

6, F 2002 3150 Shock (1D) 0.58 (5) 10.28 0.65 TSH, GH, ACTH, APS, EPP, ONH
LH/FSH

7. M 2002 2342 Seizure (1Y) 0.81 (7) 1.71 0.42 TSH, GH, ACTH APS, EPP, PH

8 M 2004 2275 Sc (23D) 0.48 (5) 0.50 (23) 3.77 0.76 TSH, ACTH Normal

9, M 2005 3135 Sc (22D) 0.55 (5) 0.38 (22) 6.58 0.66 TSH, GH, ACTH, APS, APP, ONH, ASP
LH/FSH, AVP

10, M 2005 2972 SS, micropenis (1Y) 2.02 (5) 3.85 0.99 TSH, LH/FSH, PRL Normal

i1, M 2005 3168 Sc (31D) 0.37 (14) 0.62 (31) 3.29 0.53 TSH, ACTH PH

12, M 2007 1786 Follow-up of HP (4M) 1.10% (6) 0.83 (28) 0.19 0.96 TSH, GH, ACTH, AVP  APS, APP, HP

13, M 2007 3122 Hypoglycemia (2D) Not tested 3.34 0.88 TSH, GH, ACTH, APS, EPP, PH
LH/FSH

14, M 2007 3445 Sc (31D) 0.43 (6) 0.50 (31) 2.35 0.60 TSH, GH, ACTH, EPP, PH

. LH/FSH

Pt. no., patient number; Wt, weight; Sc, screening; D, days old; M, months old; Y, years old; AVP, arginine vasopressin; PRL, prolactin; TSH, thyroid-stimulating hormone. APS, absent pituitary stalk; EPP, ectopic

posterior pituitary; APP, absent posterior pituitary; ONH, optic nerve hypoplasia; ASP, absent septum pellucidum; PH, pituitary hypoplasia; HP, holoprosencephaly; SS, short stature; MR, magnetic resonance.

#This patient was born with low birth weight and hence this value was treated as unofficial.
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Table 2 Characteristics of ten patients with CH-C categorized into isolated CH-C (group I; patients 15-22) and those with undetermined pituitary involvement (group U; patients

23 and 24).

At birth FT, values at Sc (ng/dl) At first presentation
Pt. no., Weight Diagnostic 1stsample 2nd sample Serum TSH Serum FT, Basis for diagnosis MR imaging
sex Year (9) symptom (age) (day) (day) (IU/ml) (ng/di) of hypothyroidism of the CN
15, M 2003 3370 Sc (14D) 0.14 (5) 0.48 (14) 2.86 0.45 Delayed TSH-R to TRH (5Y) Normal
Low FT,4 of 0.10 ng/d! (5Y)
16, M 2004 2770 SS (2Y) 1.79 (5) 2.20 0.55 Low FT, of 0.55 ng/dl (2Y) Normal
17, M 2006 3450 Sc (15D) 0.60 (4) 0.47 (15) 2.79 1.01 Low FT,4 of 0.99 ng/dl on L-T, therapy (5Y) ND
Requirement of high dose of L-T4 (55 pg) to
achieve NFR (5Y)
18, M 2008 3060 Sc (24D) 0.68 (13) 0.68 (24) 1.86 0.94 Low TSH-R (6.90 plU/ml) to TRH (1M) Normal
19, M 2008 3868 Sc (12D) 0.43 (5) 0.66 (12) 3.02 0.72 Requirement of high dose of L-T4 (55ug) to ND
achieve NFR (11M)
20, F 2007 3262 Sc (13D) 0.50 (5) 0.60 (13) 2.28 0.73 Low TSH-R (0.59 plU/ml) to TRH (3M) ND
Requirement of high dose of L-T4 (55 pug) to
achieve NFR (2Y)
21, M 2008 3440 Sc (13D) 0.69 (4) 0.53 (13) 2.13 0.70 Low TSH-R (0.01 plU/ml) to TRH (6M) PH
Low FT4 of 0.70 ng/di (20D) and 1.10 ng/di (6M)
22, M 2008 3145 Sc (20D) 0.21 (5) 0.50 (20) 2.34 0.43 Low TSH-R to TRH (26D) Normal
Low FT, of 0.43 ng/dl (26D)
23, F 2007 668 Follow-up of low 0.27% (4) Unknown 0.80 Low FT,4 of 0.70 ng/dl on L-T,4 therapy (2M) Normal
birth weight (1M)
24, M 2008 2542 Sc (15D) 0.57 (4) 0.57 (15) 1.24 0.98 Low FT, of 0.98 ng/dl (5M) ND

Pt. no., patient number; D, days old; M, months old; Y, years old; L-T,4, levothyroxine; PH, pituitary hypoplasia; SS, short stature; Sc, Screening; TSH-R, TSH response; NFR, normal FT, range;
MR, magnetic resonance; ND, not done.

2This patient had low birth weight, and the data obtained at 4 days of age were treated as unofficial. L-Thyroxine therapy was initiated before her first official sample was obtained.
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CH-C in Kanagawa prefecture as 1 in 30 833 births
(24/740 003).

Among the 24 patients, 14 patients (58%, ten males)
were categorized into group M (Fig. 3). Group M
(n=14) consisted of five patients with septo-optic
dysplasia, five patients with pituitary hypoplasia, one
with holoprosencephaly, and three with normal pitu-
itary morphology. Eight other patients out of the 24
(33%) were considered to have isolated CH-C, without
pituitary involvement, and they were hence categorized
as group I (Fig. 3). Pituitary function in the remaining
two patients could not be fully evaluated because of
their younger age, and they were therefore categorized
as group U (Fig. 3).

Twelve patients (50%) were identified as having CH-C
solely via the newborn screening system in Kanagawa
prefecture (Fig. 3). Of these, four patients belonged to
group M, seven patients to group I, and one patient to
group U. In addition, patient 6 in group M was clinically
diagnosed with CH-C because this patient exhibited
shock; however, the screening result was actually
positive (low FT, levels), and hence, this was considered
as a true-positive case of CH-C. Therefore, the total
number of true-positive CH-C cases was 13. In contrast,
nine other patients out of 24 (38%, eight patients in

Multiple pituitary
hormone deficiencies
(group M)

Undetermined
(group U)

isolated hypothyroidism
(group 1)

=iiBe

Symptom-based
diagnosis i

(n=10) ?

diagnosis
(n=12)

&
Screening-based @
@

High-risk follow
up (n=2)

Figure 3 Summary of the 24 patients with CH-C, categorized by
presence/absence of other pituitary hormone deficiencies and
diagnostic symptoms. The red and blue figures indicate female and
male patients respectively. Figures within a single-line box indicate
CH-C patients who could have been identified as having CH-C by
screening if the FT, cutoff values were 0.9 ng/dl. The figure within a
double-line box indicates the patient diagnosed with septo-optic
dysplasia presenting with shock, who had FT, levels <0.7 ng/di
according to the results of the filter paper assay. ’FT, data with the
filter paper assay were not available for two patients; L-thyroxine
treatment was initiated in one male patient at 2 days of age. One
female patient had low birth weight, and the data obtained at 4 days
of age were treated as unofficial. L-Thyroxine therapy was initiated
before the first official sample was obtained from this patient.
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group M and one in group I) had normal screening
results and were revealed to have CH-C through the
evaluation of clinical symptoms such as shock and/or
hypoglycemia during the neonatal period (n=2), short
stature (n=4), and other features (n=3). These nine
patients were considered to be false negatives. The
remaining two patients (one in group M and one in
group U, depicted as ‘?’ in Fig. 3) were already on L-T4
treatment before screening, and hence, they were
excluded from the judgment as to whether the screening
results were positive or negative as they had already
been diagnosed with CH-C. Patients in group I were
significantly identified more frequently through the
screening program than those in group M: 88% (7/8) vs
29% (4/14), P<0.01.

Out of the 24 CH-C patients, for 22 patients the filter
paper assay for FT4 showed clear positive or negative
results during screening (Fig. 4). The remaining two
patients had been started on 1-T, therapy before
screening. Because no blood samples were collected
from any patient between 8 and 11 days of age, FT4
measurements were arbitrarily divided into those
obtained on or before 10 days of age (FT4 before 10D,
n=18, collected from 18 patients) and those obtained
on or after 11 days of age (FT, after 11D, n=16,
collected from 14 patients). Overall, the FT, level before
10D was 0.82+0.56 ng/dl (median, 5 days of age;
range, 4—7 days), whereas the FT, level after 11D
was 0.571+0.13 ng/dl (median, 17.5 days; range,
12-31 days; Fig. 4). In addition, when we analyzed
the data exclusively obtained from patients whose
FT,; levels had been determined twice (n=10), no
significant difference was observed between FTy,
before 10D (0.46+0.05ng/dl) and FT, after 11D
(0.5240.02 ng/dl). Thus, FT4 values in CH-C patients
appeared to be stable during the neonatal period.
A comparison of FT, levels in group M (n=17) with
those in group I (n=15) also did not show a statistically
significant difference (group M, 0.81+0.49 ng/dl; group
I, 0.60+0.37 ng/dl), indicating that the severity of
hypothyroidism did not differ significantly between these
two groups, differentiated by pituitary involvement.

Evaluation of the performance of the screening
system is depicted in Table 3. Our screening system
yielded 13 true positives and nine false negatives, so
that the sensitivity of detection of a true positive was
calculated to be 59.1%. Specificity and PPVs were
calculated to be 99.99 and 11.5% respectively. A total of
740 003 newborns were screened during the study
period and 113 newborns were sent for thorough
evaluation based on two consecutive FT, measure-
ments. The cutoff level used was 0.7 ng/dl serum
(9.0 pmol/l). In the next step, we simulated the
performance of the screening system with higher cutoff
values. As depicted in Fig. 4, FT, levels for nine patients
who were not identified in the screening ranged
from 0.81 to 2.02 ng/dl (median, 0.9 ng/dl), which
was substantially lower than the reference range of
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Figure 4 Distribution of FT, values from the filter paper assay for 22
patients with CH-C. FT, measurements obtained before 10 days of
age (FT4 before 10D) and those obtained after 11 days (FT, after
11D) did not differ significantly. The black circles indicate FT,4
obtained from patients in group M (with multiple pituitary hormone
deficiencies), the yellow circles indicate FT, obtained from patients
in group | (isolated hypothyroidism), and the red circles indicate FT,4
obtained from patient 24. The shaded area indicates FT, values
below the cutoff of 0.7 ng/dl. Determinants from the same
individuals are connected by solid lines. The black arrow (norm)
indicates the mean+1 s.0. (2.2240.58 ng/dl) of FT, values from
the filter paper assay conducted on 67 933 normal newborns. The
blue arrow (CH-T) indicates the mean+1 s.n. (1.08+0.54 ng/dl)
of FT, values from filter paper assay on 61 patients diagnosed
with CH-T.

1.64-2.80 ng/dl (21.1-36.0 pmol/l; data obtained
from the 67 933 normal newborns). If the cutoff
value is raised to 0.9 ng/dl serum (11.6 pmol/l), then
an additional five patients would have been found to be
positive by the screening, and the estimated sensitivity
would be increased by 81.8%.

835

Newborn screening with FT,

Discussion

In Japan, two types of ELISA-based kits are available for
measuring FT4 levels in dried blood samples on filter
paper; one developed by Siemens Healthcare Diagnos-
tics K.K and another by Eiken Chemical Co. Ltd. Because
TSH and FT, can be measured with a common detection
module, additional costs for FT, measurements are only
those incurred for reagents: 465 yen for TSH alone vs
705 yen for TSH and FT, determination per newborn
examined. Most of the screening centers adopt a
primary TSH and backup FT, system: the filter paper
method is used for measuring TSH in all newborns,
while it is used for measuring FT, only in those with
high TSH values for confirmation of possible hypothyr-
oidism (11, 12). To detect CH-C, certain areas, including
Kanagawa prefecture and Sapporo city, have adopted
a combined primary TSH-FT, screening system (7, 9).
After the report from Sapporo city (7), this report is the
second audit of this CH-C newborn screening system,
conducted on a larger population and for a longer study
period. We also tried to trace CH-C patients not
identified by neonatal screening (false-negative cases).

The ELISA-based filter paper FT, kits are almost
exclusively used in Japan. One may argue against its
accuracy in determining FTy4 levels, considering that
some TBG-deficient patients were falsely detected to
have low FT,4 levels and that the equilibrium dialysis
method is the gold standard (15, 16). However, it has
been difficult to introduce the equilibrium dialysis
method in newborn screening because it requires a
larger volume serum sample and longer measurement
times. On the other hand, to use the FT, index instead
of FTy4, tri-iodothyronine (T3) uptake must also be
measured, which increases cost. FT, determined by
ELISA on filter paper blood samples seems to correctly
reflect FT,4 status in newborns because most (88%) FT,
values in CH-C patients were more than 2 s.p. below the
mean of normal newborns and because FTy levels in
CH-T were distributed in a substantially low range
(0.04-2.32 ng/dl; Fig. 4). Moreover, Fig. 4 shows that
the FTy levels measured using the filter paper method
may be consistent even at lower concentrations of FT4.
Thus, we believe that although FT, levels determined
using the filter paper samples may not be identical to
those measured by the equilibrium dialysis method, the
assay is a promising, practical alternative for use in
CH-C screening. Because combined TSH-T, is rec-
ommended as the ideal strategy for detecting both
CH-C and CH-T by the American Thyroid Association
and Pediatric Endocrine Societies in the US and
Europe (2), we think it is justified to continue
implementation of our combined TSH-FT, system as a
new version of the TSH-T, system.

From our survey, the incidence of CH-C was calculated
as 1 in 30 833 live births, while that of CH-T was 1 in
3472 live births. Thus, the CH-T/CH-C ratio in this study
was 8.9, which is close to the ratio 8.4 reported from
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® S g 3 The Netherlands (6). Although we previously reported a
g 2 E RN 2 3 much lower CH-C incidence (1 in 160 516 births) (9),
a - 5 o s § that survey was based on only the cases detected
2 g through screening. The incidence rate of 1 in 30 833
2 f reported here is likely to be underestimated because this
9 § = study was based on a questionnaire survey and false-
> S| 2 @ negative cases may not have been recorded. Indeed, we
3 px . gl £ @ could not obtain follow up data on 11 cases identified in
‘:‘c‘g © ® @ 5 - g’ the preliminary survey, as well as on eight patients with
8 % S positive screening results. In addition, because correct
- =3 diagnosis of CH-C is difficult (17, 18), especially in those
§ R © g with isolated hypothyroidism, some cases may have been
£ g§ . s 8 overlooked. Moreover, as shown in Fig. 4, the mean
2 §§) 3 % ?J v}a;lluest }fmd ran%;{ or1f1 FT,;é intCH~C patitents tvl\lrere 10;/(\1781‘
g o <+ < S e ¢ than those in -T patients, suggesting that milder

g ig 5 g ;f forms of CH-C may escape detection.
oeg 2 g A remarkable finding in this study is that isolated
5 s 5 hypothyroidism (group I) was detected in one-third of
' ° ‘—; the total CH-C population. Previous studies have found
to R that 78% (5) to 98% (8) of CH-C patients had multiple
3 £ 2 % = pituitary hormone defects such as septo-optic dysplasia.
| 2 82 . o o 2 E—, There are some explanations for this discrepancy. First,
g | 2 %8 ) © ® o £ isolated CH-C patients present less prominent symptoms
E Sz Q B .§ than those with multiple pituitary hormone deficiencies
= C:EB £ E El (%)9, 20, ?1, 22) and h((lancg ml?yb be missed in the
51 6% s E absence of screening. Indeed, all but one patient in
Er g § group I was identified through the newborn screening.
“ls 3 8 A Dutch screening system with TSH, T4, and TBG
= EcE & & %‘ §’ determination (5) reported a prevalence rate of 22% of
g| 882 = s 8 3 @ isolated CH-C, which is closer to our findings. Secondly,
s| 28 2 = ;c). g S E % ethnic differences may be a factor: in Sapporo city, two
3 g g"s o) 5 q z £ of six CH-C patients were reported to demonstrate
§ z & - § = isolated hypothyroidism (7). Thirdly, some patients may
ol = S B = not have been correctly diagnosed: a patient (patient 21
LI') ® @ % in Table 2) with pituitary hypoplasia is likely to have
5 S o LE’ é’ g o?:(k;er hormone tdiﬁciler%cigts‘. Flinalblr, granstient hypoﬁhyr—
T . o | £ £ & oidism may not be definitively ruled out, especially in
é % Eo = 28 2| 8 g % younger patients. However, the authors are aware of
& :gg e e e 88% 5 a patient in group I (patient 15) who demonstrated
2| E5% § 88 & E.}—f’% % severe hypothyroidism when 1-T4 therapy was tenta-
§ £ §g\'; - o © § gcg 8 tively interrupted. Reevaluation of all other patients in
s | 2 3285 ¢ group I will determine the true incidence of isolated

2 2 § §> g R hypothyroidism.

5 g 3 9 ) g |28 s % g Our current system yielded a sensitivity of 59.1% and
> 28 S SS  §13o8b 5 PPV of 11.0% in detecting CH-C. In fact, 12 patients
o 25 Ni KNS © | BEEE 8 were diagnosed with CH-C entirely on the basis of low
g z9 § % g § é FT, levels at newborn screening. Above all, the presence
> fxsfg 2 of four patients in group M, who were overlooked
2 2 = %%g % £ clinically but in whom low FT, levels were detected at
g 3 % EEcs E screening, underscores the usefulness of our combined
R | ¢ £ o g8 3 primary TSH-FT, system. The sensitivity of 59.1%
o E|S & 8 e 8 |ste £ £ seems superior to the reported sensitivity of 19.0% in
% g8 £ é e 2853 &8 the state of Indiana, USA, where T, measurement was
E | £38 :g o 8 S£sa 28 used (8). On the other hand, a study from The
& £ gg ~E36608G 54 5 Zco Netherlands reported the sensitivity to be 71.4% (6).
@ *g' e gé gg g =2 £ & % §'§ §§ 2 Because our study relied on responses to a question-
- <3| g 2 280 S8R o 380 5e naire, the actual sensitivity of our screening system may
= FEl€ °5 °—g — |krarsk be lower: physicians who did not respond may have
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