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cism between the two patients: 22:8 in Patient 20 and 45:11 in
Patient 15,

Our study included four patients with other duplicated chro-
mosomal regions detected by microarray. The duplicated segment
of 10q26.3~qter (772 kb) in Patient 1, 11q25~qter (1.27 Mb, mosa-
icism) in Patient 20, and 8p23.1-pter (6.9 Mb) in Patient 11 have
not been reported to associate with extensive disease pathology in a
trisomic state [Engelen et al., 2000; Harada et al., 2002; Twanowski
etal., 2011]. The 45.6 Mb duplication at the 4q31.22-qter region in
Patient 3 is considered to be mainly associated with psychomotor
delay and often with cardiac and renal anomalies {Otsuka et al,,
2005; Wang et al., 2009]. Indeed, Patient 3 showed severe develop-
mental delay in spite of a small 4p deletion (2.93 Mb), but no
apparent cardiac or renal anomaly.

The severity of seizures is evaluated from the time of onset and
the presence of status epilepticus. Six patients with small deletions
{<6Mb) from 4pter tended to have a later onset of seizures and
status epilepticus was less common than those patients with
intermediate (6-15 Mb) or large deletions (>15 Mb). Developmen-
tal delay was severe in most patients, with the exception of three
with a moderate delay: two of these had small terminal deletions
(2.06and 5.26 Mb) and onehad an intermediate interstitial deletion

(8.85 Mb). Seizure severity is, therefore, suggested to correlate with
the 4p deletion size, which might result in correlation between
severity of developmental delay and the 4p deletion size.
Candidate region(s) for seizures in patients with WHS and
possible responsible genes are shown in Figure 3. Although
LETMI is presently considered to be the major responsible
gene for seizures [Endele et al., 1999; Rauch et al,, 2001; South
et al., 2007}, the more distal region of the chromosome has also
been suggested as a candidate region for seizure penetrance [South
et al., 2008a; Misceo et al., 2012]. Indeed, Patient 13 in our series
did not have seizures and had an interstitial deletion {1.37-
10.22 Mb from 4pter) encompassing LETMI but preserving the
distal regions, which is similar to “Case 6” reported by Maas et al.
[2008] with an interstitial deletion (1.3-2.5 Mb) including LETMI
and no seizures. Four patients with seizures were reported to have
small distal 4p deletions not including LETMI [Faravelli et al.,
2007; Maas et al., 2008; Zollino et al., 2008; Misceo et al., 2012].
Considering a patient with ring chromosome 4 and a 4p terminal
deletion of 760kb not experiencing seizures [Concolino et al,
2007], the susceptible gene(s) for seizures in WHS might be
localized in the region between 760kb and 1.3Mb from the
4pter. In our series, Patient 17 with an interstitial deletion
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encompassing both LETM1 and most of the new candidate region
had severe seizures.

CTBPland CPLX]arelocalized in this new susceptible region for
seizures. CTBPI encodes a transcriptional corepressor that acts at
the promoters of many genes [Chinnadurai, 2007]. In an epilepto-
genic rat model, a ketogenic diet as well as 2-deoxy-p-glucose, a
glycolysis-inhibiting drug, reduces epilepsy by stimulating Ctbp
activity. Ctbp co-operates with transcriptional factor NRSF to
repress expression of BDNF, a strongly suspected epileptogenic
signaling molecule [Garriga-Canut et al., 2006]. The hemizygosity
of CTBPI in WHS patients is therefore considered a potential
contributor to the progression of epilepsy [Simon and Bergemann,
2008]. CPLX1 encodes a type of complexin that binds to syntaxin
within the SNARE complex and regulates the fusion of synaptic
vesicles [McMahon et al.,, 1995]. Homozygous Cpixl deletion
mutant mice develop strong ataxia and sporadic seizures [Reim
et al,, 2001; Glynn et al., 2005]. These findings suggest that CTBPI
and CPLXI as well as LETM1 could be susceptibility genes for
seizures in WHS.

Bromide therapy was previously reported to be an effective
antiepileptic drug in four patients with WHS, in whom it was
shown to reduce status epilepticus [Kagitani-Shimono et al., 2005].
In the current study, four patients were administered bromide
therapy, which was effective in all. In particular, Patients 7 and 8
showed a marked reduction in seizure frequency after the initiation
of bromide therapy. Further information including the types or
severity of seizures, electroencephalography (EEG) patterns, effi-
cacy of treatment, and microarray-based deletion mapping in a
larger patient series will be necessary to establish a detailed seizure
phenotype~genotype correlation.

Hypercholesterolemia, which has not been reported in previ-
ous studies, was observed in five patients in the present study,
suggesting it to be a noteworthy complication of WHS. LRPAPI,
localized 3.5 Mb from 4pter, was deleted in four of the patients.
LRPAPI encodes LDL receptor-related protein-associated pro-
tein 1 that plays an important role in lipoprotein metabolism
[Willnow et al, 1995}, and might therefore be related to
hypercholesterolemia.  Multifactorial  inheritance, including
nutritional problems, could also be related to the occurrence
of hypercholesterolemia.

In conclusion, this genotype~phenotype correlation study using
microarray and FISH-based molecular-cytogenetic investigations
uncovered chromosomal rearrangements in all patients including
previously unreported complex chromosomal mosaicism. It also
demonstrated the correlation of deletion size from 4pter with
seizure severity and with occurrence of renal hypoplasia/dysplasia
and structural ocular anomalies, and described additional clinical
features including hypercholesterolemia. Moreover, a new suscep-
tible region distal to the previously-supposed candidate gene
LETM]1 was suggested for the occurrence of seizures, and the
usefulness of bromide therapy was stressed for seizure manage-
ment. To prevent intractable seizures and status epileptics, patients
with 4p deletion involving the new susceptible region as well as
LETM]1 are recommended to have careful EEG follow-up and
intensive pharmacological treatment based on the seizure occur-
rence and EEG findings, including application of bromide therapy.
These findings are relevant to the improvement of WHS healthcare

guidelines, as well as to the elucidation of gene(s) function in the
deleted region.
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Trisomy 18 is a common chromosomal aberration syndrome
involving growth impairment, various malformations, poor
prognosis, and severe developmental delay in survivors. 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 BA 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 jejuncstomy (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) (Group4). 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-vear survival rate was 17%:
27% in those receiving radical surgery (Groups 3and 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 prognosticfactor in patients with trisomy
18 undergoing radical surgery for EA and intensive cardiac

management. © 2013 Wiley Periodicals, Inc.

Key words: wisomy 18; esophageal atresia; surgical intervention;

neonatal intensive care; survival; causes of death

© 2013 Wiley Periodicals, Inc.

How to Cite this Article:

Nishi E, Takamizawa S, lio K, Yamada Y,
Yoshizawa K, Hatata T, Hiroma T, Mizuno
S, Kawame H, Fukushima Y, Nakamura T,
Kosho T. 2014. Surgical intervention

for esophageal atresia in patients with
trisomy 18.

Am ] Med Genet Part A 164A:324-330.

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 et al., 1962}; the
Montreal classification based on mechanical ventilation and as-
sociated congenital anomalies [Poenaru et al., 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 arisk 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 patjents
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 METHDDS
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
forlonger 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.

- 206 -



- L0¢ -

- Perinatal on

Patient

24

M3 ‘1,42‘0

Sex
Final cause of death

2 i st

3 Foon39/3: . 195 Aspiration
R pneumonia -

4 F :35/1 11,464 “PHE, RsF .

5.0M136/00 1,220 - HF, PHE

3 M4l 1,990 175 SIHES

Gmup 2 Gastrusmmg+T- t e: R

7ML 3 W

8 F 356 q15 S o I o o 5 ) : . CHE

9 F 035/20 014120 /9. P S -PDA “Tracheomalacia ; . el i DN ‘ ; i F : THF

Group3: Esophagc phagos 5 + i & o : i ; S G : L

10 . 37/4 4,276 2 SCA

11 [ 1,510 HF, RnF.

12 F 1,840 " HF, PHE,

13 M 1,364 HF, RsF

140F 2320 W

157 M 938 ScA

16 F 1,670 HF: -

17 M 1,560 CHE

187 F . 360 1488 HF

19 F 311759 HE

Group: 4: Gastrostomy followed by Esopl o

200 oMo 35/4 1310 HF, RsF

21 36/4 1,804 - SCA

220 Mo 3%/4 1047 PH crisis

23 F 38/1 : 1,422 RnF




NISHI ET AL.

327

RESULTS
Perinatal Conditiens 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=15)
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. Atotal 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 at age 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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