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ABSTRACT Down syndrome is an autosomal chromosome
disorder, characterized by intellectual disability and muscle
hypotonia. Muscle hypotonia is observed from neonates to
adulthood in Down syndrome patients, but muscle hypertonic-
ity is extremely unusual in this syndrome. During a study period
of nine years, we found three patients with severe spastic quad-
riplegia among 20 cases with Down syndrome and congenital
duodenal stenosis/atresia (3/20). However, we could find no
patient with spastic quadriplegia among 644 cases with Down
syndrome without congenital duodenal stenosis/atresia during
the same period (0/644, P < 0.05). Further, we did not find any
cases with spastic quadriplegia among 17 patients with congeni-
tal duodenal stenosis/atresia without Down syndrome admitted
during the same period to use as a control group (0/17,
P < 0.05). Our results suggest that congenital duodenal stenosis/
atresia is a potential risk factor for spastic quadriplegia in
patients with Down syndrome. Long-term survival is improv-
ing, and the large majority of people with Down syndrome are
expected to live well into adult life. Management and further
study for the various problems, representing a low prevalence
but serious and specific to patients with Down syndrome, are
required to improve their quality of life.

Key Words: Down syndrome, duodenal stenosis/atresia, DYRKIA,
spastic quadriplegia

INTRODUCTION

Down syndrome is a clinically recognizable autosomal chromo-
some disorder, caused by trisomy 21 (Epstein 2001). Common
features for Down syndrome patients include intellectual disability
and muscle hypotonia. The causes and mechanisms of muscle
hypotonia are poorly understood, but several factors were proposed
to contribute to the pathogenetic mechanisms of this disorder
(Pueschel et al. 1980). The cardinal features involve congenital
heart defects, gastrointestinal malformations, and leukemia, and
these are more frequently observed in patients with Down syn-
drome than in the general population. Although several hypotheses
have been put forward, it is unclear as to whether particular gene
loci on chromosome 21 are sufficient to cause Down syndrome and
its associated features (Korbel et al. 2009). To date, advances in
medical management and understanding of the disorder have
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contributed to the increase in life expectancy to 50 years among
patients (Glasson et al. 2002). Management based on the natural
history of Down syndrome has resulted in a further increase in the
quality of life in people with this disease (Hunter 2005).

Cerebral palsy is a group of disorders of the development of
movement and posture causing activity limitations, which are
attributed to non-progressive disturbances that occur in the devel-
oping fetal or infant brain (Bax et al. 2005). It occurs in approxi-
mately 2.0-2.5 per 1000 live births. The classification of the
disorder is divided according to the causes and mechanisms, and
the most common type is spastic quadriplegia, which is found in
20-43% of patients with cerebral palsy (Odding et al. 2006). In this
report, we described three patients with severe spastic quadriplegia
and Down syndrome. Muscle hypertonicity is extremely unusual in
patients with Down syndrome, except for cases with myelopathy
caused by cervical instability, resulting from os odontoideum. We
discuss here the potential risk factors for the disorder in Down
syndrome.

MATERIALS AND METHODS

During nine years, from 1999 to 2007, 664 patients with Down
syndrome visited the genetic clinic of Kanagawa Children’s
Medical Center (KCMC). KCMC is a major tertiary children’s
referral center for pediatric cardiology, surgery, and cancer cases,
and serves a large area in Kanagawa Prefecture, Japan. The confir-
mation of diagnosis for Down syndrome was made by karyotyping
in all the cases. Neurological evaluation and diagnosis were per-
formed based on the proposed definition of cerebral palsy (Bax
et al. 2005). Patients with duodenal atresia but without any other
congenital complications, who were admitted to our medical center
during the same period, were enrolled as the control group in the
study. Gestational ages, birth weights, and neurodevelopmental
prognosis were retrospectively analyzed according to the medical
records. Permission for the study was obtained from the Ethical
Committee of our medical center. Statistical analysis was per-
formed using Fisher’s exact test.

RESULTS

Among the 664 patients with Down syndrome, 20 had congenital
duodenal stenosis/atresia. Seventeen patients with congenital
duodenal stenosis/atresia, but with no other congenital malforma-
tions, were admitted to our center for surgical repair during the
same period and were used as the control group for this study. We
detected three cases with spastic quadriplegia among the patients
with Down syndrome. All of the three patients had duodenal
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Table 1 Clinical characteristics of three cases with spastic quadriplegia and Down syndrome associated with congenital duodenal

Patient 2

Patient 3

stenosis/atresia
Patient 1
Sex Male
Gestational weeks at birth 31
Birth weight (g) 1376

Delivery
APGAR scores (1 min/5 min)
Respiratory problems

Cesarean section for fetal distress
377
Mechanical ventilation during the

first 5 days
Operative repair Day 3
High caloric transfusion 6 days
Jaundice -
Congenital heart defects ASD/PH
Cardiac failure -
Discharge Day 60
Symptoms of spasticity 7 months

Male

35

2746

Normal vaginal delivery
9/9

Tracheomalacia

Day 2

1 day phototherapy

Day 70
2 months

Female

34

1826

Cesarean section for fetal distress

8/9

Mechanical ventilation during the
first day

Day 65

70 days

2 days phototherapy

VSD

+

Day 187

4 months

Prognosis Severe spastic quadriplegia; sudden
death
Other complications Hypothyroidism

Severe spastic quadriplegia;  Severe spastic quadriplegia;
institutionalization

Tracheostomy at 2 years

tracheostomy at 4 years
Hypothyroidism

+, present; —, not present.

ASD, atrial septal defect; PH, pulmonary hypertension; VSD, ventricular septal defect.

stenosis/atresia and Down syndrome. However, we could find no
patient with spastic quadriplegia among 644 cases with Down
syndrome without congenital duodenal stenosis/atresia (0/644,
P <0.05). Further, we did not find any cases with spastic quadriple-
gia among 17 patients with congenital duodenal stenosis/atresia
without Down syndrome in the control group (0/17, P < 0.05).

There is no significant difference between normal control and
Down syndrome patients on operative procedures for duodenal
stenosis/atresia. Clinical features and brain magnetic resonance
images are shown in Table 1 and Figure 1, respectively.

Clinical report

Patient 1

He was born to an 18-year-old woman at 31 weeks of gestation by
cesarean section because of fetal distress resulting from polyhy-
dramnios, associated with congenital duodenal stenosis/atresia. The
mother smoked during the pregnancy. APGAR scores were 3/7.
Birth weight was 1376 g and length was 37 cm. Soon after delivery,
the patient had respiratory failure requiring assisted mechanical
ventilation, and he was transferred to the neonatal intensive care
unit of our center. After birth, congenital duodenal atresia and atrial
septal defect (ASD) were confirmed. On the fourth day of life,
respiration improved and surgical procedures were performed to
treat the congenital duodenal atresia. Intravenous high caloric trans-
fusion was performed during the first six days, and gavage feeding
was started from the seventh day of life. He attained the ability of
oral intake by discharge. At the age of seven months, he developed
spastic quadriplegia. Total repair of the ASD was performed at the
age of 14 months. At the age of six years, he had severe pneumonia
that developed into rhabdomyolysis due to severe hypertonicity
associated with severe spastic quadriplegia. At the age of eight

years, he suddenly died at his home of unknown causes. His parents
declined to have a postmortem autopsy.

Patient 2

He was born to a G4P4 43-year-old mother at 35 weeks of gestation
by induced delivery at the perinatal institute of our center, compli-
cated with polyhydramnios associated with congenital duodenal
stenosis/atresia. APGAR scores were 9/9. Birth weight was 2746 g
and length was 48 cm. On the third day of life, operative repair for
the duodenal atresia was performed. Milk feeding started on the
seventh day. Phototherapy for jaundice and supplement of thyroid
hormone for hypothyroidism were performed. Respiratory failure
caused by tracheomalacia was observed in the first month of life. At
the age of two months, muscular hypertonicity was observed in his
posture, and rehabilitation was required. At the age of three months,
spastic quadriplegia was prominent in his movement and posture.
For protection of hypoxic ischemic encephalopathy, he was treated
with home oxygen therapy. At the age of 15 months, surgical repair
for tracheomalacia was performed. Severe spastic quadriplegia was
the cause for his recurrent respiratory infections.

Patient 3

She was born to a GOP0 30-year-old woman at 34 weeks of gesta-
tion by cesarean section because of polyhydramnios associated with
congenital duodenal stenosis/atresia. APGAR scores were 8/9.
Birth weight was 1826 g and length was 43 cm. From the fourth day
of life, she started intravenous high caloric transfusions. At the age
of 21 days, cardiac failure was observed, and she was affected by
sepsis caused by bacterial infection. Meningitis was excluded by
examination of spinal fluid. Total repair of the duodenal atresia was
performed at the age of 65 days. She was discharged at the age of
six months. Severe spastic quadriplegia was observed from the age

© 2012 The Authors
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Fig.1 Brain magnetic resonance image of the three patients with Down syndrome and spastic quadriplegia. A-B, Patient 1 at 5 years of age; C-D, Patient
2 at 11 months of age; E-F, Patient 3 at 14 months of age. Severe to moderate atrophy of the cortex was observed in all three patients, which is
consistent with the clinical features found in cases with spastic quadriplegia in early infancy.

of four months. Spastic quadriplegia became worse until the age of
seven months, and treatment with eperisone hydrochloride was
started.

DISCUSSION

According to our results, the prevalence of spastic quadriplegia is
estimated to be approximately one per 200 cases with Down syn-
drome. Speculation on this prevalence is likely to be overestimated
because of the characteristics of the Children’s Hospital (Soneda
et al. 2012). However, the prevalence of spastic quadriplegia may be
higher in the present study group with Down syndrome than in the
general population, reported to be approximately 2.0-2.5 per 1000
live births (Odding et al. 2006). We did not detect spastic quadriple-
gia among 17 patients with congenital duodenal atresia/stenosis
without any other malformations during the same period. These
results indicate that Down syndrome and congenital duodenal
stenosis/atresia are likely to be risk factors for spastic quadriplegia,
which is a typical form of classical cerebral palsy. There is limited
information on neurodevelopmental prognosis of congenital duode-
nal stenosis/atresia. Escobar et al. (2004) analyzed the long-term
prognosis of 169 patients with duodenal stenosis/atresia, and dem-
onstrated that the associated late mortality rate was 6%. Forty-six
cases with Down syndrome were included in their study group, but
neurodevelopmental complications involving spastic quadriplegia

© 2012 The Authors
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were not recorded in their report. Singh et al. (2004) analyzed the
outcome of congenital duodenal obstruction in cases with/without
Down syndrome, and demonstrated that Down syndrome does not
affect the morbidity and mortality of duodenal obstruction but has a
higher incidence of congenital heart defects. To our knowledge, it is
unknown if there is a significant relationship between spastic quad-
riplegia and Down syndrome, especially in cases with duodenal
stenosis/atresia. Kallen et al. (1996) performed an epidemiological
study and reported on the major complications of Down syndrome,
but spastic quadriplegia was not described in their study.

The environmental factors should be also considered as the risk
factors for the spastic quadriplegia found in these patients. Socio-
economic status has some association of low birth weight and
prematurity, as found in Patient 1. Those are the major causes for
the cerebral palsy. Shaken baby syndrome (SBS) may be also
another risk factor for cerebral palsy and an important cause of
developmental delay in infants. Retinal hemorrhage is a cardinal
manifestation of abuse head trauma (Levin 2010). However, oph-
thalmologic investigation did not represent the possibility of SBS in
our patients.

The pathological mechanisms of cardinal features of Down syn-
drome have been previously investigated. Recently, DYRKIA has
been shown to be one of the most crucial genes for the pathogenesis
for Down syndrome (Ortiz-Abalia et al. 2008; Korbel et al. 2009).
DYRK]A encodes for dual-specificity tyrosine-(Y)-phosphorylation



