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Figure 3 Molecular analyses of the PLP1 duplication identified in Patient 1. (a) The result of a custom-designed aCGH shows partial duplication of PLPI.
(b) A schematic representation of the breakpoint analyzed by PCR and subsequent sequencing. (c) A 775 bp PCR product including a breakpoint is
amplified by Primer A and B and is shown in electrophoresis. m; molecular marker OneSTEP Ladder 50 (Nippon Gene).

the previous study.'? Finally, total RNA samples extracted from the 12
iPS cell clones generated in this study were analyzed. Although we
could detect the PLPI band in iPS cells from normal individual and
Patients 2 and 3, we could not detect the PLPI band in the iPS cells
generated from Patient 1, indicating null expression of PLPI caused
by the partial duplication of PLPI (Figure 5). In Patients 2 and 3,
PLP1 signals appeared to be somewhat stronger than in controls, but
because of the large variation in signal intensity among different cell
lines, it was inconclusive in our limited experiments.

DISCUSSION

In this study, we identified different PLPI abnormalities in three
patients with PMD. Patient 3 showed a novel missense mutation,
¢.636G>C (Tyr212Cys), which is in the extramembrane region of the
PLP1 protein2 A missense substitution in the same codon, but
resulting in a change into a different amino acid, ¢.634T>C
(Tyr212Arg), has been reported to be a pathogenetic mutation by
others.!3 Frequently, a cysteine residue changes the three-dimensional
protein conformation drastically owing to disulfide bond formation
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with other cysteines.'* Thus, the amino-acid substitution to cysteine
in our patient is likely a pathogenetic mutation, causing PMD.
Previous genotype-phenotype correlation study showed that the
phenotype of patients with PLP] missense mutations was more
severe than those with PLPI duplications.!~® Indeed, Patient 3 showed
severely delayed psychomotor development complicated by
respiratory and feeding difficulties. His condition can be classified
as form 0 according to the classification proposed by Cailloux et al.,'?
as form 0 is the most severe form of PMD. Dysmyelination in this
patient was particularly severe.

Patient 2 had a 0.6-Mb duplication including PLPI. This size is
typical for PMD patients with PLPI duplications.®!>16 This patient is
now 43 years old and does not show any deterioration of neurological
abilities. Despite being bedridden, he can verbally communicate with
several words. His clinical condition can be classified as form 2,
because his maximum motor ability was sitting. His dysmyelination is
milder than that of Patient 3.

The most intriguing result in this study is the partial duplication
of PLPI identified in Patient 1. Although there have been reports
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Figure 4 PLPI expression analysis by the northern blotting for various
samples. (Upper) Predominant expression of PLP1 is shown in the brain
samples. Although control iPS cells show weak expression, there are no
expressions of PLPI in the other samples. (Bottom) Agarose gel staining for
the total RNAs before subsequent northern blotting indicates the same
amounts of total RNAs loaded in each lane. SNLm, SNL-feader cells treated
with mitomycin; HDF, human dermal fibroblasts

of partial deletions in PLPI identified by multiplex ligation-dependent
probe amplification analysis,® this is the first report of a partial
duplication of PLPI. The duplicated segment included the promoter
region and the first three exons. Therefore, we hypothesized that a
very short mRNA or long fusion mRNA might be expressed by this
duplication together with the normal mRNA. To confirm this
hypothesis, we analyzed PLPI expression by using northern blot
analysis, the only way to detect the length and the quantity of mRNAs.
As expression levels of PLPI in skin fibroblasts were too low to be
examined by northern blot analysis, we generated iPS cells from the
patients. Contrary to expectation, northern blot analysis showed no
PLPI bands in the iPS cell generated from the fibroblasts of Patient 1.
Although there may be a limitation to detect short-unstable
mRNAs in our method, this possibly indicated that the expression
of PLP] mRNA was disturbed by the PLPI partial duplication
identified in Patient 1. Regarding the clinical severities of the
patients, Patient 1 showed milder phenotype than Patient 2, and his
condition can be classified as form 3. Previous genotype-phenotype
correlation study have shown that patients with PLP] missense
mutations show severe manifestation associated with severe
hypomyelination, which is recognized as the consequence of
accumulated mutant protein in the endoplasmic reticulum as a
gain-of-toxic function of the mutant protein.? Excessive PLP1
protein resulting from genomic duplications may accumulate in late
endosomes/lysosomes, promoting its incorporation into other myelin
components.' In contrast, patients with PLPI null mutations escape
severe impairments because of the absence of any gain-of-toxic
function.>*>7 Indeed, knockout mice with a functionally null Plpl
gene do not develop classical signs of Plpl-related disease; their
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Figure 5 PLPI expression analyses using northern blotting. Three iPS cells
of Patient 1 show no PLPI band, whereas the other iPS cells from normal
control, Patient 2 and Patient 3 show expressions of PLPI. ACTNB (actin
beta) is used for internal control.

oligodendrocytes develop normally and synthesize compact myelin
sheaths.>!® However, the mice show ultrastructural abnormalities,
including swelling of the small-diameter axons and late-onset axonal
degeneration.>!° Consequently, a loss-of-function mutation of PLP1
does not induce oligodendrocyte cell death, possibly serving as a
mechanism underlying the milder phenotypic consequences observed
in patients with null PLP! mutations. Although length-dependent
axonal degeneration has been described in PLPI null mutations,?
there is no information about peripheral neuropathy in Patient 1.
Thus, it was unclear whether the clinical condition of Patient 1 is
compatible with that of PLPI null mutations. However, the lack of
PLP] expression in iPS cells derived from Patient 1 clearly
demonstrated that the underlying mechanism of PMD in Patient 1,
with a partial PLPI duplication, is different from the other two
patients in this study.

Immortalized lymphocytes and skin fibroblasts derived from
patients are often used for expression studies or biological analyses,
as these cells are easy to be obtained and handled. However, many
tissue-specific genes are not sufficiently expressed by these cells; PLPI
being one of them. Although there are reports examining PLPI
expression by RT-PCR, using mRNA extracted from skin fibro-
blasts,%>2! the expression of PLPI mRNA in skin fibroblasts is too
low to be examined by northern blotting as shown here. In this study,
our microarray database search showed over 40 times higher PLPI
expression in iPS cells than that in skin fibroblasts. Our initial
northern blot analysis confirmed faint but detectable PLPI expression
in iPS cells, whereas no expression was observed in skin fibroblasts,
lymphocytes or SNL feeder cells. This study also confirmed a lack of
PLPI expression in SNL feeder cells. Therefore, this study
demonstrates that iPS cells express endogenous PLPI, and that the
possibility of contamination from SNL feeder cells or original skin
fibroblasts can be excluded. Although being detectable by northern
blotting, PLPI expression in iP$ cells appeared to be much lower than
that in mature oligodendrocytes and may be simply cryptic rather
than functional. If so, this allows us to evaluate the native
transcriptional level of each mutant (and wild-type) PLPI allele,
which is the primary focus of our study. Meanwhile, terminal
differentiation of iPS cells into the oligodendrocyte lineage would
result in an enhanced PLPI expression with functional consequence.
However, this requires technological breakthrough in the induction of
terminal differentiation into oligodendrocyte lineage, which is
currently unavailable.
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In conclusion, we identified the first PMD patient having a partial
PLPI duplication. The absence of PLPI expression in iPS cells,
generated from the patient’s skin fibroblasts, proved the underlying
effects of the partial PLPI duplication for the PMD development.
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Abstract

Introduction : This study was aimed to evaluate the progression of various types of CS with RA
during each of the growth periods, and to assess the severity of progression for strategic planning of
expansion thoracoplasty (ET). )

Material & Methods : 70 pts. (M-32 and F-38 with an average age of 2.6 years at the first visit.)
from 13 institutions matched the inclusion criteria : CS with RA, no procedures that could influence
the natural history, repeated plain X-ray check-ups at at least a 2-year interval during growth
periods. The average F/U time was 5.4 years (2-14) . X-ray images of 70 pts. were divided into 3 age
groups, infantile (0-6), juvenile(5-11), and adolescent(11-18).

Results : 54 of 70 pts. had unilateral RA. The magnitude of scoliosis was 49.3° at the first visit
and 65.7° at the final F/U. Scoliosis progressed most severely during infancy with the rate of 5.9°
y, followed by 3.9° /y during adolescence. Patients with rib defects or unilateral unsegmented bar
showed higher progression rates during infancy. 4 grades in severity of progression (most severe.
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severe, moderate, mild) were set up based on the relationship between SAL and scoliosis with cut-
off values of 70%, 85% of SAL and 45°, 85° of scoliosis. Those grades were significantly related
with types and location of RA and types of vertebral anomalies.[Conclusion]Scoliosis in CS with
RA progressed most severely during infancy and was significantly related to the types and location

of RA as well as the type of VA.

Key words : congenital scoliosis, congenital rib anomalies natural history
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Chromosomal abnormalities involving 19p13.3 have rarely been
described in the published literature. Here, we report on a girl
with a pure terminal duplication of 6.1 Mb on 19p13.3, caused by
an unbalanced translocation der(19)t(10;19)(qter;p13.3)dn. Her
phenotype included severe psychomotor developmental delay,
skeletal malformations, and a distinctive facial appearance,
similar to that of a patient previously reported by Lybaek
et al. [Lybaek et al. (2009); Eur ] Hum Genet 17:904-910].
These results suggest that a duplication of >3 Mb at the terminus
of 19p13.3 might represent a distinct chromosomal syndrome.
© 2013 Wiley Periodicals, Inc.

Key words: 19p13.3 duplication; array CGH; developmental
delay; subtelomere

INTRODUCTION

Chromosome 19 is more gene-dense than any other human chro-
mosome. Non-mosaic 19p trisomy is a rare chromosomal aberra-
tion, of which only 9 occurrences have been reported to date [ Byrne
et al.,, 1980; Salbert et al., 1992; Stratton et al., 1995; Andries
etal., 2002; Puvabanditsin et al., 2009; Lybaek et al., 2009; Descartes
et al.,, 2011; Siggberg et al., 2011; Lehman et al., 2012]. More
specifically, pure and non-mosaic trisomy of 19p has been reported
in only five of these patients [Stratton et al., 1995; Andries
et al.,, 2002; Lybaek et al., 2009; Siggberg et al.,, 2011; Lehman
et al., 2012].

Here, we report on a 3-year-old girl with pure terminal duplica-
tion of 19p13.3, confirmed using FISH and array CGH. She had
multiple malformations, including a complex congenital heart
defect, a distinctive facial appearance, and severe developmental
delay. Taken together, our findings, along with a review of the
literature, allow clarification of a more precise and comprehensive
phenotype—genotype correlation for pure 19p duplication.

CLINICAL REPORT

The proposita is the first child of healthy unrelated parents with
unremarkable family history. At the time of delivery, the mother

© 2013 Wiley Periodicals, Inc.
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was 36 years old, and the father was 27 years old. The pregnancy was
complicated by intrauterine growth retardation first noted at
27 weeks. The infant was delivered at 35 weeks of gestation by
cesarean due to fetal distress. Her birth weight was 1,216 g; length,
36.5 cm; and occipitofrontal circumference (OFC), 28.0 cm. Her
Apgar scoreswere4 at 1 min,and9at5 min. Because ofher verylow
birth weight and respiratory failure, she was admitted to a neonatal
intensive care unit. Initial physical examination showed a distinc-
tive facial appearance with micrognathia, low-set ears, and a
prominent occiput. An echocardiogram revealed a complete atrio-
ventricular septal defect of Rastelli A type, severe pulmonary
hypertension, and mitral valve dysplasia.

At the age of 8 months, catheter examination demonstrated that
an operative procedure was not indicated for her heart defects;
conservative treatment with beraprost sodium and bosentan hy-
drate, in addition to oxygen supplementation, was adopted for
heart failure and severe pulmonary hypertension. From the age of
1 year and 8 months, sildenafil citrate was also added to her
treatment. At this age, she had marked cardiac failure and had
experienced several episodes of recurrent respiratory infection.
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On examination at the age of 3 years, her weight was 7,680 g
(—3.4 SD); height, 75 cm (—5.0 SD); and OFC, 42 cm (—4.0 SD)
(Fig. 1). Her facial appearance showed strabismus, short and
downslanting palpebral fissures, microcephaly, hypoplastic nasal
alae, sparse scalp hair, and eyebrows, low-set ears, a short philtrum,
protruding upper lip, and microstomia with micrognathia. Ortho-
pedic examination showed kyphoscoliosis and dislocation of bilat-
eral hip joints. Her development was severely delayed. She could roll
over and required gavage feeding. Her heart failure progressed, and
died atage 4 years. Postmortem examination revealed an ectopicleft
kidney in front of the vertebrae. :

MATERIALS AND METHODS

Written informed consent was obtained from the parents of the
patient, and the study was performed in accordance with the
Kanagawa Children’s Medical Center Review Board and Ethics
Committee.

An initial FISH analysis for patients with developmental delay/
intellectual disability (DD/ID) and/or multiple congenital anoma-
lies (MCA) was carried out using subtelomeric probes (Vysis,
Downers Grove, IL) according to the standard protocol. Further
FISH analysis for determining the breakpoint on 19p13.3 was
carried out using bacterial artificial chromosome (BAC) clones
that had been selected from the May 2004 (NCBI35/hgl7). Human
assembly of the UCSC Genome Browser (http://genome.ucsc.edu/).
A centromeric probe specific for chromosome 10 was used to
confirm chromosome 10. The BAC clones were labeled by nick
translation according to the manufacturer’s instructions (Vysis,

Downers Grove, IL). Hybridization, post-hybridization washing,
and counterstaining were performed according to standard proce-
dures. Slides were analyzed using a completely motorized epifluor-
escence microscope (Leica DMRXA?2; Leica Microsystems Imaging
Solutions, Cambridge, UK) equipped with a CCD camera. Both the
camera and microscope were controlled with Leica CW4000 M-
FISH software [Yamamoto et al., 2009].

Array comparative genomic hybridization (array-CGH) was
performed using the Agilent SurePrint G3 Human CGH Micro-
array Kit 8 x 60K (Agilent Technologies, Inc., Santa Clara, CA).
The total genomic DNA of the patient was prepared using standard
techniques. The results were analyzed using Agilent Genomic
Workbench software. Only experiments having a derivative log
ratio (DLR) spread value <0.30 were considered.

RESULTS

The complete subtelomere probe set analysis detected an additional
signal for 19pter on the terminal of the long arm in group C
chromosomes in the patient. Based on the results of the G-banding
patterns and FISH with a centromeric probe, the derivative chro-
mosome was determined to be chromosome 10 (Fig. 2a,b). How-
ever, the 10qter probe signal was retained in the derivative
chromosome (data not shown). To characterize the size of the
deletion, we further applied FISH analysis using the BAC clones that
mapped to the region. This revealed that the breakpoint was 6.1 Mb
from 19pter (Table I). Subsequent array-CGH analysis revealed a
19p13.3 duplication of approximately 6.1 Mb (chr19: 327,273~
6,106,229), which was consistent with the FISH results (Fig. 2¢). No
other genomic imbalances were identified on the array analysis.
FISH analysis with relevant BAC clones indicated that the duplica-
tion was absent in both parents, and therefore had occurred de
novo.

DISCUSSION

Reports of abnormalities of the short arm chromosome 19 are rare;
to date, only nine patients with non-mosaic duplication of 19p have
been reported. Of these, four involved translocation of other
chromosomes [Byrne et al., 1980; Salbert et al., 1992; Puvabanditsin
et al., 2009; Descartes et al., 2011], and only five patients had a pure
partial duplication of 19p [Stratton et al., 1995; Andries et al., 2002;
Lybaeketal.,2009; Siggbergetal.,2011; Lehmanetal., 2012] (Fig. 3.,
TableIT). This report is, to our knowledge, only the second report of
a pure terminal duplication of 19p13.3.

Array-CGH and FISH analysis refined the breakpoint at 6.1 Mb
from 19pter. Three patients harboring a duplication of more than
1 Mb at 19p13.3 have been recorded on the DECIPHER database
(https://decipher.sanger.ac.uk/), but no individual with a duplica-
tion of more than 3 Mb is recorded therein. Fourteen patients
having a duplication of a fragment of 19p13.3 have been reported in
the database of International Standards for Cytogenetic Arrays
Consortium (ISCA). The phenotypical manifestations of these
patients consist of multiple congenital abnormalities and seizures.
However, the detailed phenotypic features of the patients were not
available. Although the phenotype deriving from duplication of a
limited region of 19pter is not always recognizable [Andries
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et al., 2002], the present case presented with severe psychomotor
disability, no verbal language use, a distinctive facial appearance,
and skeletal features including small hands and feet and bilateral hip
dysplasia. These phenotypic features, especially the characteristic
facial appearance, were also shared by the patient described by
Lybaeketal. [2009]. The patient had a small mouth, short philtrum,
full cheek, short palpebral fissures, and the extreme precocious
puberty before the age of 5 months. They demonstrated that only

about 25% of the duplicated 215 genes presented the overall
expression pattern by more than 1.3-fold, and suggested no genes
might explain the precocious puberty characterized in their patient.
However, our present patient had no symptom of early puberty
observed by the age of 4 years.

20 (Mb)

tratton et al., 1895.
Severe delay, ASDVSD/PS

Andies et al., 2002.
Mild delay

Siggberg et al., 2011.

Mild delay

Lehman et al., 2012.
Sotos syndrome-like phenotype

Severe delay, small VSD
St del

ECD/valvul
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Thus, a duplication of >3 Mb of the terminal region of 19p13.3
might contribute to a more severe phenotype than do smaller
duplications, and this phenotype might be characteristic of this
chromosomal aberration.

Accurate assessment of the duplication size enabled us to evalu-
ate the genes located within the duplicated region, which presum-
ably contribute to the phenotypes. The duplicated region contains
approximately 150 RefSeq genes and 130 OMIM genes, 18 of which
have known disease associations. However, this case demonstrates
that evaluation of the gene content of a chromosomal region is not
sufficient to assess the pathogenicity of a gene duplication. Addi-
tional reports of individuals with this chromosomal aberration are
required to demonstrate genotype—phenotype correlation in 19p
duplication.
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Trisomy 18 is a common chromosomal aberration syndrome
involving growth impairment, various malformations, poor
prognosis, and severe developmental delay in survivers. Al-
though esophageal atresia (EA) with tracheoesophageal fistula
(TEF) is a potentially fatal complication that can only be
rescued through surgical correction, no reports have
addressed the efficacy of surgical intervention for EA in
patients with trisomy 18. We reviewed detailed clinical infor-
mation of 24 patients with trisomy 18 and EA who were
admitted to two neonatal intensive care units in Japan and
underwent intensive treatment including surgical interven-
tions from 1982 to 2009. Nine patients underwent only pallia-
tive surgery, including six who underwent only gastrostomy or
both gastrostomy and jejunostomy (Group 1) and three who
underwent gastrostomy and TEF division (Group 2). The other
15 patients underwent radical surgery, including 10 who
underwent single-stage esophago-esophagostomy with TEF
division (Group 3) and five who underwent two-stage opera-
tion (gastrostomy followed by esophago-esophagostomy with
TEF division) (Group 4). No intraoperative death or anesthetic
complications were noted. Enteral feeding was accomplished
in 17 patients, three of whom were fed orally. Three patients
could be discharged home. The 1-year survival rate was 17%:
27% in those receiving radical surgery (Groups 3 and 4); 0% in
those receiving palliative surgery (Groups 1 and 2). Most
causes of death were related to cardiac complications. EA is
notan absolute poor prognostic factor in patienis with trisomy
18 undergoing radical surgery for EA and intensive cardiac
management. © 2013 Wiley Periodicals, Inc.

Key words: trisomy 18; esophageal atresia; surgical intervention;
neonatal intensive care; survival; causes of death
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INTRODUCTION

Trisomy 18, first described by Edwards et al. [1960], is a common
chromosomal aberration syndrome. Patients with the syndrome
have prenatal-onset severe growth impairment, characteristic cra-
niofacial features, various visceral and skeletal malformations,and a
reduced lifespan; survivors have severe developmental delay
[Carey, 2010]. The largest and most cited population-based study
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[Rasmussen et al., 2003] showed a 1-year survival rate of 5-8% and
median survival time of 10-14.5 days. The major causes of death
were reportedly apnea and withdrawal of treatment, and the
presence of a congenital heart defect was not reported to be
associated with early death [Embleton et al., 1996; Rasmussen
et al., 2003].

Esophageal atresia (EA) with/without tracheoesophageal fistu-
la (TEF) is a common esophageal malformation that occurs in
between 1 in 3000-4000 live births. Currently, the best treatment
option for EA with TEF in patients with no other severe malfor-
mations is primary single-staged correction comprising esoph-
ago-esophagostomy and TEF division. For patients with unstable
respiratory and/or cardiovascular conditions, however, the pro-
cedure should be performed in steps [Pinheiro et al., 2012]. There
have been three classification systems of preoperative risks re-
garding EA: the Waterston classification based on birth weight,
associated anomalies, and pneumonia [Waterston etal., 1962]; the
Montreal classification based on mechanical ventilation and as-
sociated congenital anomalies [Poenaru etal., 1993]; and the Spitz
classification based on birth weight and cardiac anomalies [Spitz
et al., 1994]. A recent report by Sugio et al. [2006] showed that
birth weight might no longer be a risk factor. Patients with EA were
reported to have other abnormalities: cardiovascular complica-
tions (23%), musculoskeletal malformations (18%), and chro-
mosomal aberrations (5.5%). Patients with life-threatening
anomalies, including Potter syndrome, cerebral hypoplasia, and
chromosomal abnormalities such as trisomy 13 or 18, as well as
infants with totally uncorrectable major cardiac defects or grade
IV intraventricular hemorrhage, were recommended to undergo
nonoperative management [Pinheiro et al., 2012]. The accurate
frequency of EA in trisomy 18 has not been determined by
systematic investigation, and only an institution-based study
from Japan demonstrated that a total of 33% (8/24) patients
with trisomy 18 had EA, representing the most common non-
cardiac visceral malformation [Kosho et al., 2006]. Although EA
with TEF is a potentially fatal complication that can only be
rescued through surgical correction, no reports have addressed
the efficacy of surgical intervention for EA in patients with trisomy
18.

We herein describe the detailed clinical information of patients
with trisomy 18 and EA who were admitted to two Japanese
institutions that provided intensive treatment including surgical
correction for EA in these patients.

MATERIALS AND METHODDS
Patients

Patient data were collected from two institutions in Japan. Nagano
Children’s Hospital (NCH), established in 1993, is a tertiary
hospital for sick children in Nagano Prefecture, which reports
roughly 20,000 births per year. Since the obstetric department
was established in 2000, pregnant women whose fetuses were found
to have severe abnormalities by ultrasonography have also been
referred for further evaluation, genetic counseling, and delivery. In
the neonatal intensive care unit of this hospital, patients with this
syndrome have been managed under the principle of providing

intensive treatment based on careful discussion with the parents.
The management comprises resuscitation including intratracheal
intubation, appropriate respiratory support, establishment of en-
teral nutrition including corrective and palliative surgery for gas-
trointestinal malformation, and pharmacological treatment for
congenital heart defects. This management was demonstrated to
improve survival, with a 1-year survival rate of 25% and median
survival time of 152.5 days. The common underlying factors
associated with death were congenital heart defects and heart failure
(96%) followed by pulmonary hypertension (78%), and the com-
mon final modes of death were sudden cardiac or cardiopulmonary
arrest (26%) and progressive pulmonary hypertension-related
events (26%) [Kosho et al., 2006]. The surgical strategy for EA
in patients with trisomy 18 has been to perform gastrostomy soon
after birth, followed by a second surgery after stabilization of the
general condition (esophago-esophagostomy and TEF division
from 1993 to 2003; TEF division from 2003).

The Central Hospital of Aichi Human Service Center
(CHAHSC), established in 1970, is a tertiary hospital for sick
children and handicapped children/adults covering the northern
part of Aichi prefecture and the southern part of Gifu prefecture,
which report roughly 70,000 births per year. The management
principle of this hospital has been to perform intensive treatment
including surgery for every patient, whether he/she has a severe
disorder and/or handicap, if he/she needs the treatment or surgery
for longer survival and better quality oflife. The surgical strategy for
EA in patients with trisomy 18 has been to perform esophago-
esophagostomy with TEF division as a one-stage operation, where-
as a two-stage operation comprising gastrostomy and jejunostomy
followed by esophago-esophagostomy was planned in the early
period.

A total of 27 patients with karyotypically confirmed full trisomy
18 and EA were admitted to the neonatal intensive care units of
NCH from April 1993 to March 2008 and CHAHSC from April 1982
to March 2009. Two patients with A-type EA and one patient who
died of uncontrollable respiratory failure before surgery were
excluded. The other 24 patients (9 boys, 15 girls; Patients 1, 3, 5,
6,7, 9, 20-24 from NCH, Patients 2, 4, 8, 10-19 from CHAHSC)
with C-type EA who underwent surgery were included in this study
(Table I).

Methods

From the medical records of NCH and CHAHSC, we collected
detailed clinical data about the surgical methods and courses of EA
in the 24 patients including eight who were described in our
previous study [Kosho et al., 2006]. In addition, their perinatal
conditions and interventions, other medical complications and
treatments, and prognosis including survival and discharge were
reviewed. We classified the patients into four groups (Table I):
Group 1 (Patients 1-6) underwent gastrostomy with/without
jejunostomy; Group 2 (Patients 7-9) underwent gastrostomy
and TEF division; Group 3 (Patients 10-19) underwent esoph-
ago-esophagostomy with TEF division as one operation; and Group
4 (Patients 20-24) underwent gastrostomy followed by esophago-
esophagostomy with TEF division.
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RESULTS
Perinatal Conditions and Interventions

Three patients were prenatally diagnosed with trisomy 18 by
amniocentesis. A total of 67% (16/24) of patients were delivered
by cesarean, which was selective in six and emergent in eight.
Common indications for the cesarean were fetal distress in six,
intrauterine growth retardation with polyhydramnios in three, a
previous cesarean in one, and breech presentation in one. A total of
58% (14/24) of patients underwent resuscitation by intratracheal
intubation. The mean gestational age was 36 weeks and 3 days
(range, 31 weeks and 4 days to 41 weeks and 5 days). The mean birth
weight was 1,544 g (range, 1,017-1,990 g). The mean Apgar score
was 4.0 (range, 1-8) at 1 min and 6.0 (range, 1-9) at 5 min.

Surgery for EA and Surgical Complications

A total of 37% (9/24) of patients (Groups 1 and 2) underwent only
palliative surgery. Group 1 (n = 6) underwent only gastrostomy or
gastrostomy and jejunostomy on days 0—1. Group 2 (n = 3) under-
went gastrostomy on days 0-5 and TEF division on days 5-29.

A total of 63% (15/24) of patients (Groups 3 and 4) underwent
radical surgery. Group 3 (n=10) underwent primary esophago-
esophagostomy with TEF division on days 0-3. Group 4 (n=5)
underwent gastrostomy on days 0-1 followed by esophago-esoph-
agostomy with TEF division on days 3-93.

Major surgical complications included hemorrhage (Patient 3),
chylothorax (Patients 7 and 8), pneumothorax (Patient 19), media-
stinitis (Patient 20), respiratory tract infection and atelectasis
(Patient 21), and recanalization of the TEF due to insufficient
sutures, requiring reoperation (Patient 24). No intraoperative
death or anesthetic complications were noted.

Structural Defects and Medical Complications

All patients had congenital heart defects including ventricular septal
defect (VSD), patent ductus arteriosus (PDA), atrial septal defect
(ASD), atrioventricular defect, double outlet right ventricle, pul-
monary stenosis, coarctation of the aorta, mitral valve stenosis,
aortic stenosis, and tricuspid valve regurgitation.

Excluding EA with TEF, noncardiac defects or complications
included respiratory abnormalities in 10 patients (42%), such as
lung hypoplasia, tracheomalacia, and respiratory tract infection;
renal abnormalities in 10 (42%), such as hydroureter, renal dys-
plasia, horseshoe kidney, polycystic kidney, and renal failure;
gastrointestinal abnormalities in 10 (42%), such as gastroesopha-
geal reflux, hypertrophic pyloric stenosis, and anorectal malforma-
tion; and seizures in 8 (33%).

Patients 22 and 24 underwent tracheostomy for persistent
respiratory failure for the purpose of discharge. Patient 18 under-
went Ramstedt procedure for hypertrophic pyloric stenosis. Patient
22 underwent colostomy for anorectal malformation.

Treatment and Courses of Cardiac Defects

A total of 96% (23/24) of patients received cardiovascular drugs.
Diuretics (furosemide with/without spironolactone) and dopa-

mine with/without dobutamine pressors were commonly used
for heart failure. Prostaglandin E1 was administered to two patients
with PDA-dependent congenital heart defects. Nitroglycerin was
given to four patients with severe persistent pulmonary hyperten-
sion of the newborn. Patient 13 underwent PDA ligation. Patient 8
underwent pulmonary artery banding for a large left-to-right shunt
by ASD, VSD, and PDA, but the banding had to be released during
the same operation because of worsening of pulmonary
hypertension.

Enteral Feeding

A total of 71% (17/24) of patients underwent enteral feeding: 33%
in Group 1, 100% in Group 2, 70% in Group 3, and 100% in Group
4. A total of 12.5% (3/24) of patients underwent oral feeding: 20% in
Group 3 and 20% in Group 4.

Prognosis

A total of 12.5% (3/24) of patients were discharged home. All the

patients had died at the time of this study. Survival rates at 1 day,

1 week, 1 month, and 1 year of age were 100%, 92%, 58%, and 17%, -
respectively. The overall median survival time was 44 days (range,

1-1,786 days): 88 days in girls and 36.5 days in boys. The median

survival time in Groups 1, 2, 3, and 4 was 16 days (range, 1-133

days), 106 days (range, 47-172 days), 25 days, (range, 2—-694 days),

and 518 days (range, 32-1786 days), respectively. A survival curve

for each group is shown in Figure 1A.

Cause of Death

Cause of death was classified into underlying factors associated with
death and final mode of death, as described by Kosho et al. [2006]
and Kaneko et al. [2008]. The most frequent underlying factors
associated with death were congenital heart defects and heart failure
in 23 patients (96%), followed by pulmonary hypertension in 18
patients (78%). The most frequent final mode of death was heart
failure in 14 patients (58%), followed by respiratory failure and/or
pulmonary hemorrhage in five (20%) and sudden cardiac or
cardiopulmonary arrest in four (17%).

DISCUSSION

This is the first series to describe the efficacy of surgical intervention
for EA with TEF in patients with trisomy 18. Even the natural
history of these patients has not been elucidated. A recent support
group-based study from Japan [Kosho et al., 2013] described nine
patients with EA, with the rate of being offered intensive treatment
as 29% (2/7), that of receiving IMV as 57% (4/7), and that of
undergoing surgery as 22% (2/9). Survival rate atage 1 year was 0%,
and the median survival time was 15.5 days (range, 0-88 days) and
was 4 days (range, 0-32 days) without surgical intervention.
Statistical analysis showed the presence of EA to be a significant
factor associated with shorter survival (<1 year). Our current study
shows the survival rate at age 1 year to be 17% and the median
survival time to be 44 days. It is, therefore, no doubt that surgical
intervention, probably coupled with intensive neonatal treatment,
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would contribute to longer survival in patients with trisomy 18 and
EA.

The data in the current study were obtained from two children’s
hospitals in Japan, where surgeons and neonatologists proposed the
most effective treatment (surgical procedure, respiratory support,
mainly pharmacological cardiovascular support, and other neona-
tal intensive care) that they considered when they saw each patient,
for the purpose of establishment of enteral feeding, discharge, and
longer survival. All the parents consented the proposals and no
patients had withdrawal care or comfort care in this study period.
NCH proposed a two-stage operation with the first procedure as
gastrostomy and the second as esophago-esophagostomy with TEF
division from 1993 to 2003 and only TEF division from 2003.
CHAHSC proposed a two-stage operation with gastrostomy and
jejunostomy followed by esophago-esophagostomy with TEF divi-
sion in the early period and then a one-stage operation with
gastrostomy and esophago-esophagostomy with TEF division.
As a result, intervention for EA was retrospectively classified into
four types (Group 1-4). Thus, the classification would reflect not
only the severities of non-EA complications including congenital
heart defects accompanied by heart failure and pulmonary hyper-
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tension but also surgical strategy for each patient depending on the
hospital and the period, irrespective of severity of non-EA
complications.

Patients included in each group are characterized as follows.
There were only two patients (Patients 1 and 10) who could indeed
be judged as “lethal.” They could not survive past the first operation
because of uncontrollable respiratory failure due to pulmonary
hypoplasia in Patient 1, and sudden cardiac arrest due to primary
pulmonary hypertension in Patient 10. Group 1: Patients in Group 1
only had the first palliative operation (gastrostomy with/without
jejunostomy), and died before the second radical operation because
of progressive heart failure and/or pulmonary hypertension due to
large left-to-right shunts. Group 2: Two patients in Group 2, both in
NCH from 2003, underwent gastrostomy and TEF division in two
stages according to the institutional strategy. Patient 8 from
CHAHSC underwent gastrostomy and TEF division in one stage
because esophago-esophagostomy was not available due to the long
gap between the upper and lower esophagus. All three patients died
of progressive heart failure and/or pulmonary hypertension due to
large left-to-right shunts. Group 3: Nine patients in Group 3
survived past the one-stage radical operation of esophago-esoph-
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agostomy with TEF division. Five of them died within 30 days after
the operation (progressive heart failure and/or pulmonary hyper-
tension due to large left-to-right shunts in four and heart failure and
renal failure due to coarctation of the aorta in one). The other four
patients who survived past the neonatal period finally died of
progressive heart failure and/or pulmonary hypertension due to
large left-to-right shunts. Thus, the differences between the five
non-survivors and the four survivors might be related mainly to
their cardiovascular conditions, namely, differences in the severities
of original cardiac lesions in view of developing heart failure and
pulmonary hypertension and/or differences in intra- and post-
operative cardiac management. Group 4: Three patients in Group 4
survived past 1 year, and two could be discharged home. Deaths of
the four patients in Group 4 were associated with cardiac problems.
Patient 20 might have survived longer if his postoperative course
had not been complicated by mediastinitis.

Patients in Group 4 showed the longest survival with the
median survival time as 518 days (range, 32—1786 days), followed
by those in Group 2 with the median survival time as 106 days
(range, 47-172 days), those in Group 3 with the median survival
time as 25 days (range, 2-694 days), and those in Group 1 with the
median survival time as 16 days (range, 1-133 days). We compare
those who had radical surgery (Groups 3 and 4) with those who
didn’t (Groups 1 and 2). Survival rate at age 1 year was 27% (4/15)
in Groups 3 and 4 and 0% (0/9) in Groups 1 and 2, and the median
survival time was 56 days in Groups 3 and 4 and 31 days in Groups
1 and 2 (Fig. 1B). Most importantly, patients with trisomy 18 and
EA could not survive long without radical surgery for EA. Factors
in prognostic difference between patients in Group 3 (one-stage
operation) and those in Group 4 (two-stage operation) is dis-
cussed as follows: firstly, patients in Group 3 might have severer
non-EA complications, especially congenital heart defects accom-
panied by heart failure and pulmonary hypertension. However,
no apparent difference of non-EA complications was noted
(Table I), except Patient 10 who had fatal pulmonary hyperten-
sion leading to sudden death on the next day of radical surgery.
Secondly, a one-stage operation on the 0-3 days after birth might
be too invasive for potentially unstable cardiopulmonary status,
especially persistent pulmonary hypertension, in any patients
with trisomy 18 complicated by typical left-to-right shunts.
The inter-operative period between the first gastrostomy and
the second esophago-esophagostomy with TEF division might
have been meaningful in careful assessment of patients’ physical
conditions (reduction of pulmonary hypertension could be
expected) and appropriate treatment for patients with unstable
cardiopulmonary conditions.

Management of neonates with trisomy 18 has long been dis-
cussed from an ethical point of view. Traditional ways of managing
patients with this syndrome had been a noninterventional ap-
proach, meaning avoidance of emergency surgery [Bos
et al., 1992; Paris et al., 1992], labeling this condition as “lethal”
or these patients as “hopeless” beings. For the last two decades,
however, trends in neonatal intensive care have resulted in the
attachment of greater importance to parental decision-making,
seeking the “best interest of the child” [Carey, 2010]. Currently, a
balanced approach is recommended when counseling families of
neonates with this syndrome, comprising the presentation of

accurate figures for survival; avoidance of language that assumes
outcome such as “lethal,” “hopeless,” or “incompatible with life”;
accurate communication of developmental outcomes that does not
presuppose a family’s perception of quality of life; and recognition
of the family’s choice, whether it be comfort care or interventions
[Carey, 2012]. In Japan, trisomy 18 had been classified, together
with trisomy 13, into a condition in which no additional treatments
were considered, but ongoing life-supporting procedures or rou-
tine care (temperature control, enteral nutrition, skin care, and
love) were not withdrawn [Nishida etal., 1987]. This categorization
had a considerable influence on the field of neonatology in Japan,
but no legal or social obligation. Thus, babies with trisomy 18 have
actually been managed according to an individual policy at each
hospital [Kosho, 2008]. The categorization had a harmful effect on
physicians in terms of inflexible and paternalistic attitudes toward
parents of neonates with severe disorders/disabilities, especially
trisomy 18 and trisomy 13. Thus, in 2004, a research project
founded by the Ministry of Health, Labour and Welfare, Japan
proposed guidelines entitled “Guidelines for Healthcare Providers
and Parents to Follow in Determining the Medical Care,” which
presented a general principle of coping with families of neonates
with severe disorders/disabilities, stressing the importance of frank
discussion and equal communication between medical staff mem-
bers and families to seek the “best interests of the babies”
[Kosho, 2008]. An increasing number of hospitals have followed
the guideline, and important evidences about specific intensive
treatments for patients with trisomy 18 have been published
recently from single or multiple institutions in Japan: cardiac
surgery [Kaneko et al., 2008, 2009; Kobayashi et al., 2010; Maeda
etal.,2011] and treatment of seizures [Kumada et al., 2010,2013]. A
recent support group-based study from Japan showed that children
with trisomy 18 could live longer and be discharged home through
standard intensive treatment such as cesarean and respiratory
support, achieve slow but constant psychomotor maturation if
they survive, and interact with their families; and that the parents
could adapt well [Kosho et al., 2013]. Positive parental feelings have
also been demonstrated in several studies from US [Walker
et al., 2008; Bruns, 2010; Janvier et al., 2012]. Based on these
findings, an intensive approach in the care of children with trisomy
18, adjusted to individual physical conditions and considering
parental feelings, can be justified [Kosho et al.,, 2013]. Two-stage
operation would be preferable in management of EA in patients
with trisomy 18 in that the inter-operative period could be spent for
frank discussion with the parents in view of considerable informed
consent seeking “the best interest of the child”.

This study has several limitations. First, the number of patients
included is small. Second, patient grouping/classification according
to the intervention-type is retrospective, not prospective with
appropriate randomization as discussed above. Third, the period
during which the patients included in this study spans over 20 years.
During these years, there could have been considerable changes in
the systems or management of the neonatal intensive care units orin
the surgical techniques or devices. These limitations are inevitable
in discussing management of rare diseases, but could be critical for
meaningful generalization. For the readers to interpret the data
fairly, we present the detailed clinical background of each patient in
Table 1. Also, we thoroughly describe how patients received each
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intervention for EA and carefully discuss relationship between
intervention and prognosis.

In conclusion, EA with TEF would not be an absolute poor
prognostic factor in patients with trisomy 18 under a medical
environment where radical surgery including esophago-esophagos-
tomy and TEF division and concurrent intensive cardiac manage-
ment are available. Such an intensive approach could be justified
based on increasing evidences about efficacy of intensive treatment,
slow but constant development in survivors, and positive parental
feelings. Currently, the authors propose a two-stage operation (gas-
trostomy followed by esophago-esophagostomy and TEF division) in
that the inter-operative period could be meaningful in careful
assessment of patients’ physical conditions, appropriate treatment
for patients with unstable cardiopulmonary conditions, and frank
discussion with the parents in view of considerable informed consent
seeking “the best interest of the child.” This information is crucial
when counseling parents whose child is prenatally or postnatally
diagnosed with trisomy 18 with EA and who are considering the
options regarding intensive treatment of their child.
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