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The role and recognition of the public-health nurse in newborn mass screening

Yuko Matsumoto”, Go Tajima®, Naomi Sakamoto”, Chiyomi Morioka”, Chiyoko Yoshii”,
Keiichi Hara”, Nobuo Sakura”

1) Division of Nursing Science, Graduate School of Biomedical & Health Sciences, Hiroshima
University, 2) Department of Pediatrics, Graduate School of Biomedical & Health Sciences,
Hiroshima University, 3) Hiroshima City Medical Association Clinical laboratory, 4) Department of
Pediatrics, National Hospital Organization Kure Medical Center, 5) Nursing House for Severe Motor
and Intellectual Disabilities SUZUGAMINE

Summary

Tandem mass spectrometry (MS/MS)-based newborn screening (NBS) in Hiroshima area of Japan,
which started as a pilot study in 1999, has been performed as a public health care service for mothers
and children since February 2013. Prior to this transition, we investigated current status of public-
health nurses in the area concerning conventional and MS/MS-based NBS.

Survey 1: Recognition of NBS

The rate of recognition of conventional NBS was higher among public-health nurses who had expe-
rienced related services than those who had not. In both groups, MS/MS-NBS was recognized by quite
limited members.

Survey 2: Attitude toward support for NBS-positive cases

It turned out that more than a half of the nurses felt difficulties in offering support to NBS-positive
children and their families.

Professional training system is required to encourage them to meet the needs in this field.

J Jap Soc Mass-screening 24: 57-66, 2014
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Neonatal case of classic maple syrup urine disease: Usefulness of

'H-MRS in early diagnosis

Takeshi Sato,"” Koji Muroya,'! Junko Hanakawa,! Yumi Asakura,I Noriko Aida,> Moyoko Tomiyasu,?> Go Tajima,*

Tomonobu Hasegawa® and Masanori Adachi!
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Pediatrics, Hiroshima University Graduate School of Biomedical and Health Sciences, Hiroshima and *Department of

Pediatrics, Keio University School of Medicine, Tokyo, Japan

Abstract

‘We describe a male neonate with classic maple syrup urine disease (MSUD) in metabolic crisis. On day 7 of life, he was

referred to hospital because of coma and metabolic acidosis with maple syrup odor. On day 4 after admission, brain
magnetic resonance imaging findings were consistent with encephalopathy due to MSUD. Proton magnetic resonance
spectroscopy (‘H-MRS) showed a large methyl resonance peak at 0.9 p.p.m. The diagnosis of MSUD was confirmed on
low branched-chain o-keto acid dehydrogenase complex activity in lymphocyte. "H-MR spectra were obtained in
10 min, while it took at least several days to obtain the results of other diagnostic examinations. In convalescence, the
peak at 0.9 p.p.m. decreased. The large methyl resonance peak at 0.9 p.p.m. in brain "H-MRS would be one of the earliest
clues to the diagnosis of classic MSUD in the neonatal period, especially in metabolic crisis.

Key words early diagnosis, maple syrup urine disease, metabolic crisis, neonate, proton magnetic resonance spectroscopy.

Maple syrup urine disease (MSUD; OMIM 248600) is a rare
autosomal recessive inborn error of branched-chain amino acid
(BCAA) metabolism.! The defect of the branched-chain o-keto
acid dehydrogenase complex leads to the accumulation of
BCAA, including leucine, valine and isoleucine, and their ¢-keto
acids in tissues. Clinical manifestations include a maple syrup
odor, mental and motor retardation, feeding problems, and
convulsion. Laboratory findings include metabolic ketoacidosis,
elevated plasma leucine, valine and isoleucine, sometimes
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hypoglycemia, hyperlactatemia and hyperammonemia. In meta-
bolic crisis, fatal brain edema sometimes occurs. MSUD is
divided into five different forms: classic; intermittent; intermedi-
ate; thiamine responsive; and dihydrolipoyl dehydrogenase (E3)
deficient.

Some neonates with classic MSUD suffer from metabolic
crisis within 1 week after birth,' before neonatal screening results
are obtained. Although early diagnosis and specific treatment
improve the outcome in neonates with classic MSUD,? it is chal-
lenging to diagnose MSUD early for two reasons. First, it is
difficult for pediatricians to distinguish MSUD from common
fatal diseases in the neonatal period, because patients with
MSUD do not show any specific clinical manifestations except
a maple syrup odor, nor specific routine laboratory findings.
Second, it takes at least several days to obtain the results of
diagnostic examinations, because most pediatricians cannot
perform diagnostic examinations in their own laboratories.
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Proton magnetic resonance spectroscopy ('H-MRS) directly
and non-invasively measures regional metabolite levels in vivo.
One 'H-MRS datum can be obtained within 10 min, in addition to
routine magnetic resonance imaging (MRI) of the brain. 'H-MRS
has been applied to provide additional information for radiologi-
cal diagnosis of neurodegenerative disorders, brain tumors and
metabolic diseases.> In previous studies, "H-MR spectra in older
children with MSUD had a methyl resonance peak at 0.9 p.p.m.
that increased remarkably in metabolic decompensation.>’
Although there is one report on 'H-MRS in neonates with classic
MSUD in metabolic crisis,’ the potential benefit of 'H-MRS in
early diagnosis of classic MSUD has not been discussed.

Here, we focus on the usefulness of 'H-MRS in early diagno-
sis of classic MSUD in the neonatal period, especially in meta-
bolic crisis.

Case report

The proband, a male neonate, was the fourth child of healthy,
non-consanguineous Filipino parents. An elder sister died due
to metabolic crisis of MSUD at 9years of age. The pro-
band was delivered vaginally at term. His birthweight was 3724 g
(+1.7 SD), length, 50.0 cm (+0.4 SD), and head circumference,

Cho Cr
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36.0 cm (+2.0 SD). He had been breastfed. He left the hospital on
day 4 of life with his mother.

His parents noticed poor feeding and a maple syrup odor on
day 6 of life. The previous doctor referred him to hospital due to
metabolic acidosis on day 7 of life. On clinical examination he
was in a comatose state with a bulging anterior fontanelle. Blood
tests indicated normal ammonia level (72 umol/L; reference,
<110 pmol/L). Computed tomography indicated brain edema.
We suspected that he suffered from metabolic crisis of MSUD
based on family history and the maple syrup odor. On day 2 after
admission, we started a BCAA-free formula. On day 4 after
admission, MRI of the brain at 3 T showed marked restriction of
proton diffusion in the thalami, the posterior limb of the internal
capsule and the globus pallidus (Fig. 1a,b). In addition, '"H-MR
spectra showed a large methyl peak at 0.9 p.p.m., at the left
centrum-semiovale and the left basal ganglia that were obtained
in 5 min each (Fig. 1c,d). A decreased N-acetyl aspartate (NAA)
peak was also observed (Fig. 1c,d). These findings were consist-
ent with MSUD encephalopathy. We obtained the results of neo-
natal screening the next day and other diagnostic examinations
the next week (Table 1). The diagnosis of MSUD was confirmed
by low branched-chain o-keto acid dehydrogenase complex

Cho Cr

Fig.1 Magnetic resonance imaging and proton magnetic resonance spectroscopy ('H-MRS) findings at (a~d) onset and in (e-h) convales-
cence. (a,b) Axial diffusion-weighted images (TR/TE, 6700/123 ms; section thickness, 3.0 mm; b value, 1500 s/mm?) at (a) centrum-semiovale
and (b) internal capsule. Note marked restriction of proton diffusion in the thalami, the posterior limb of the internal capsule and the globus
pallidus. (c,d) '"H-MRS (TR/TE/NEX, 5000 ms/30 ms/6) at (c) the left centrum—semiovale and (d) the left basal ganglia. Note the large peak
at 0.9 p.p.m. (arrows) and the decreased NAA peak. (e,f) Axial diffusion-weighted images (TR/TE, 7200/120 ms; section thickness, 3.0 mm;
b value, 1500 s/mm?) at (e) centrum-semiovale and (f) internal capsule. Note the significant resolution of the hyperintense lesions. (g,h)
'H-MRS (TR/TE/NEX, 5000 ms/30 ms/6) at (g) the left centrum-semiovale and (h) the left basal ganglia. Note the decreased peak at 0.9 p.p.m.
(arrows) and the increased NAA peak. The Cr level in convalescence was higher than the one at the onset. Cho, choline; Cr, creatine; NAA,
N-acetyl aspartate; NEX, no. excitations; TE, echo time; TR, repetition time.
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Table 1 Diagnostic examinations

Diagnostic examinations

Results (local references) Time required

for results

Neonatal screening by high performance liquid Leucine 21.1(<3.5) mg/dL 7 days
chromatography
Plasma amino acid analysis by liquid Leucine 3218.6 (76.6-171.3) nmol/mL 12 days
chromatography mass spectrometry Valine 1076.1 (147.8-307.0) nmol/mL
Isoleucine 1000.4 (43.0-112.8) nmol/mL
Urine organic acid analysis High levels of o-keto and hydroxyl acids 13 days
Branched-chain o-keto acid dehydrogenase 0.14 (3.89-7.43) pmol isovaleryl-CoA/min/10° lymphocytes 3 days

complex activity in lymphocyte

activity in lymphocyte (Table 1). In spite of intensive treatment
with BCAA-free formula through the nasogastric tube and
parenteral high-caloric nutrition with insulin, he developed a
high ammonia level (218 pmol/L) and needed continuous
arteriovenous hemofiltration on day 24 after admission. He then
made satisfactory progress. In convalescence at 2 months of age,
MRI indicated significant resolution of the hyperintense lesions
(Fig. le,f). On 'H-MRS the peak at 0.9 p.p.m. had decreased and
the NAA peak had increased (Fig. 1g,h; Table 2). The creatine
(Cr) level in convalescence was higher than that at onset (Fig. 1;
Table 2). On day 157 after admission, he left hospital, using the
nasogastric tube. He managed to drink milk from a bottle at
6 months of age. He started babbling and pulling himself up at
16 months of age.

-~Discussion

We have described a male neonate with classic MSUD in meta-
bolic crisis. Based on his family history and the maple syrup
odor, we started BCAA-free formula, before we obtained the
results of other diagnostic examinations. Brain ‘H-MRS showed
a large methyl resonance peak at 0.9 p.p.m. characteristic for
MSUD, at the left centrum-semiovale and the left basal ganglia
in 5 min each. In contrast, it took at least several days to obtain
the results of other diagnostic examinations, including neonatal
screening, plasma amino acid analysis, urine organic acid analy-
sis and enzymatic activity. Retrospectively, we believe that the
large methyl resonance peak at 0.9 p.p.m. on brain 'H-MRS
would be one of the earliest clues to the diagnosis of classic
MSUD in the neonatal period, especially in metabolic crisis.

In MSUD the peak at 0.9 p.p.m. is larger than the one at
1.3 p.p.m. on 'H-MRS of the brain. In MSUD patients, the large
peak at 0.9 p.p.m. is thought to originate from BCAA and/or their
derivatives, which have more methyl groups (-CH; at 0.9 p.p.m.)
than methylene groups (-CH,- at 1.3 p.p.m.).” We must interpret

Table 2 Metabolite concentrations

the peaks at 0.9 p.p.m. and 1.3 p.p.m. with caution, because the
resonance at 0.9 p.p.m. and 1.3 p.p.m. is not specific to MSUD.
Several disorders, such as Sjbgren—Larsson syndrome, have
prominent lipid peaks at both 0.9 p.p.m. and 1.3 p.p.mS®
Hyperlactatemia, which often occurs in metabolic crisis of
MSUD, can also be confused with the peak at 1.3 p.p.m. Fortu-
nately, it is not difficult to exclude other diseases based on
medical history, physical examinations and routine laboratory
examinations.

We could not determine whether the NAA and Cr levels
increased in convalescence due to therapeutic response or to
age-dependent changes (Table 2). NAA is considered to be a
marker of neuronal density or mitochondrial metabolic function.’
A decreased NAA peak could be observed in metabolic disor-
ders.* It is also well known, however, that NAA concentration
increases with development.'® Cr level is reported to be relatively
stable, but may change with development or tissue damage.* We
observed that the choline (Cho) level remained almost unchanged
(Table 2). Although Cho is known to be involved in cell mem-
brane metabolism and myelination,* the significance of the Cho
level remained unknown in MSUD. In contrast, the decreased
peak at 0.9 p.p.m. might have reflected decreased BCAA and/or
their o-keto acids directly. 'H-MRS in the present neonatal
patient showed a decreased peak at 0.9 p.p.m. in convalescence at
2 months of age, compared with the one at onset (Fig. 1; Table 2).
Previous studies showed that the peak at 0.9 p.p.m. decreased in
convalescence in older children.’ Thus, among the peaks of the
major metabolites, such as NAA, Cr and Cho, the peak at
0.9 p.p.m. would be the most useful to estimate the efficacy of
treatment regardless of patient age.

Conclusion

We have demonstrated the usefulness of '"H-MRS at the centrum-
semiovale and the basal ganglia in early diagnosis of classic

-CH; (at 0.9 p.p.m.)" N-acetyl aspartate Choline Creatine

CS BG CS BG CS BG CS BG
Onset (mmol/L) 11.3 6.3 2.7 2.7 1.3 1.9 34 5.1
Convalescence (mmol/L) 6.0 49 4.8 5.1 1.5 1.8 55 6.8

Quantification of metabolite concentrations were derived using LCModel software. 'mmol/L. of CH; groups. BG, basal ganglia; CS, centrum~

semiovale.
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MSUD in the neonatal period, especially in metabolic crisis.
Classic MSUD may be able to be distinguished from other
serious illnesses and specific treatment initiated immediately,
when 'H-MRS findings are interpreted in combination with the
clinical course, physical examinations, routine laboratory find-
ings and routine MRI findings.
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Two children with obesity-related glomerulopathy identified in a

school urinary screening program

Yukihiko Kawasaki, Masato Isome, Atsushi Ono, Yuichi Suzuki, Kei Takano, Kazuhide Suyama and Mitsuaki Hosoya
Department of Pediatrics, Fukushima Medical University School of Medicine, Fukushima, Japan

Abstract

The incidence of obesity-related glomerulopathy (ORG) has increased over the last decade, but there have been few

reports on ORG in Japanese children. Reported herein are two children with ORG identified on school urinary screening
(SUS). Patient 1 was a 12-year-old boy in whom proteinuria was first detected on SUS. His body mass index (BMI) was
33.8 kg/m? and he had hypertension and hyperuricemia. Patient 2, a 10-year-old boy, also had proteinuria identified on
SUS. His BMI was 34.8 kg/m?, and he had fatty liver, hyperuricemia, and hypercholesterolemia. Both were diagnosed
with ORG based on obesity, proteinuria, and renal pathological findings. After treatment, including candesartan, food
restriction and physical exercise, urinary protein excretion was decreased in both cases. We believe that such school
urinary screening programs may be effective for the early identification and treatment of children with ORG.

Key words
urinary screening.

Obesity is a major health problem, and its incidence is increasing
worldwide." In Japan, the prevalence of obesity has been consist-
ently increasing in men, whereas it has been stable over the last
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10 years in women: according to the annual report of the National
Nutrition Survey, Japan, currently, the prevalence of overweight
is 30.9% in men and 22.7% in women aged 220 years.?
Mitsuhashi et al. observed that the prevalence of overweight was
3.12% among children aged 6 years in 1985, and it steadily
increased to 4.68% in 2005.°

A particular form of kidney disease, so-called obesity-related
glomerulopathy (ORG), is characterized by glomerulomegaly
with or without focal segmental glomerulosclerosis (FSGS), and
the incidence of ORG has increased during the last decade with
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