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Mucopolysaccharidosis type VII (MPS VII) is an autosomal
recessive, lysosomal storage disorder that is characterized by
a deficiency in β-glucuronidase activity.1 MPS VII is a rare

disorder, and precise epidemiological data are scarce.2 The
frequency of this disease is estimated to be 1/300,000 to
1/2,000,000.2
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Abstract We report a case of a patient with severe fetal hydrops and refractory ascites,
diagnosed as mucopolysaccharidosis type VII (MPS VII) by whole-exome sequencing,
and discharged at 5 months of age after long-term ventilatory management. A male
neonate was born by emergency cesarean section due to fetal distress at 301/7 weeks’
gestation. Physical examination and X-rays revealed pleural effusion, ascites, and
generalized edema, indicating severe fetal hydrops. He underwent tracheal intubation
because of respiratory distress that was attributed to massive ascites, pulmonary
hypoplasia, and pulmonary hypertension. He received mechanical ventilation and
inhaled nitric oxide therapy. Prednisone, octreotide, and a factor XIII preparation were
used as the treatment for ascites, and the ascites gradually decreased. He was
extubated within 2 months of age. At 4 months of age, the results of whole-exome
sequencing of the cord blood showed a compound heterozygous mutation in the GUSB
gene, the gene responsible for MPS VII. Enzyme replacement therapy was initiated, and
the ascites was resolved. Careful systemic management, including lung-protective
respiratory management and the early establishment of nutrition, is important for the
long-term survival of infants with fetal hydrops, and early aggressive workup, including
whole-genome sequencing for the cause, should be performed in the case of refractory
ascites.
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Patients with MPS VII have short stature, skeletal dyspla-
sia, hepatosplenomegaly, inguinal hernias, cardiac diseases,
pulmonary insufficiency, and cognitive impairment; this
presentation resembles MPS I and MPS II. In MPS VII, a
distinguishing clinical feature is a history of nonimmune
fetal hydrops.2–4

Although MPS VII patients with improved fetal hydrops
could survive,5–7 there are few survival reports of patients
with refractory fetal hydrops. We report a case of a patient
with severe fetal hydrops and refractory ascites, diagnosed as
MPS VII by whole-exome sequencing, and discharged at
5 months of age after long-term ventilatory management.

Case

Themother was 29 years old, gravida one and para zero, with
no medical history or family history. The fetus was noted to
have subcutaneous edema, pleural effusions, and ascites at
18 weeks of gestation. A fetal thoracoamniotic shunt was
placed at 22 and 23 weeks of gestation. The neonate with
hydropswas born byemergency cesarean section due to fetal
distress at 301/7 weeks’ gestation. A male neonate was born
with a birthweight of 1,846 g (þ2.4 SD), and the Apgar scores
were 2 points at 1minute and 5 points at 5minutes.

He underwent tracheal intubation in the delivery room
because of respiratory distress that was attributed to mas-
sive ascites, pulmonary hypoplasia, and pulmonary hyper-
tension (PH) (►Fig. 1). Physical examination and X-rays
demonstrated pleural effusion, ascites, and generalized ede-
ma, indicating severe fetal hydrops.

His blood test showed coagulation abnormalities. Because
of massive ascites, an abdominal drain was placed, and the
cell count in the ascites was 125/μL (all were mononuclear
cells). After birth, the thoracoamniotic shunt was removed,
and there was no further pleural effusion. In the neonatal
intensive care unit, he received mechanical ventilation,
inhaled nitric oxide (iNO) therapy, catecholamines, and
hydrocortisone for circulatory failure and PH. As PH im-
proved, iNO was discontinued at 5 days of age.

Until 3 days of age, drained ascites consisted of more than
100mL/d. Prednisone, octreotide, and a factor XIII prepara-
tion were used as the treatment for ascites, and the ascites
gradually decreased at 3 weeks of age. Enteral feeding was
started with medium-chain triglyceride (MCT) milk at
28 days of age, and the abdominal drain was removed at
32 days of age. As the respiratory status improved, he was
extubated at 53 days of age. Thereafter, he underwent high-
flow nasal cannula therapy, which was changed to oxygen
therapy with nasal cannula from 92 days of age.

Lymphatic scintigraphy was performed at 96 days of age
because the patient had a reaccumulation of ascites (that did
not require drain reinsertion), accompanied by massive
scrotal edema (►Fig. 2). The scintigram revealed that there
was an impaired lymphatic return to the central tract.

The following tests were performed to identify the under-
lying congenital diseases. Echographic examination revealed
no cardiac, renal, or gastrointestinal malformations. Chromo-
some examination revealed a normal karyotype (46, XY).

Fig. 1 X-rays demonstrated pleural effusion, ascites, and generalized
edema. Thoracoamniotic shunts were placed bilaterally in the chest.

Fig. 2 Significant ascites and scrotal edema at 90 days of age.
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Ascites cytology showed nomalignant cells. Maternal serolog-
ical tests for infections, including toxoplasma, rubella, cyto-
megalovirus, and herpes simplex virus, revealed all negative
results for first infection during pregnancy. Immunological
fetal hydrops was also ruled out, as irregular antibodies were
negative and fetal sonography showed no fetal anemia.

Other examinations showed no hepatomegaly and no
ophthalmologic disease, but bilateral severe hearing loss
was recognized. Whole-body bone X-ray, which was per-
formed at 4 months of age, showed oar-shaped deformity of
the ribs and punctate cartilage calcification.

At 4 months of age, the results of whole-exome sequenc-
ing of the cord blood showed a compound heterozygous
mutation in the GUSB gene, the gene responsible for MPS VII.
The whole-exome sequencing was approved by the Institu-
tional Review Board (IRB) of the National Center for Child
Health and Development, Japan (IRB number: 236,926).
Genomic analysis was conducted with the informed consent
of the patient’s family. Beta-glucuronidase activity in leuko-
cytes was low, and urinary uronic acid level was high, both of
which were abnormal. Based on these results, we diagnosed
his disease as MPS VII. He was discharged home with home
oxygen therapy and gastric tube feeding when he was
5 months old. Enzyme replacement therapy was initiated
at 7months of age; the ascites was resolved, and the massive
scrotal edema was also improved.

Discussion

We identified a case of MPS VII who was discharged alive
despite severe fetal hydrops and refractory ascites.

We found two important clinical issues. One is the impor-
tance of careful intensive caremanagement for fetal hydrops,
and the other is the importance of early and intensive
workup for the cause of refractory ascites, including
whole-exome sequencing.

The severity of MPS VII ranges from mild to severe and
includes coarse facial features, corneal clouding, frequent
upper respiratory infections, short stature, marked skeletal
dysplasia, macrocephaly, gingival hypertrophy, hepatosple-
nomegaly, hernias, and cognitive impairment.8,9 The most
severe form of MPS VII is characterized by the presence of
fetal hydrops.10

About half of the deaths occur before the age of 1 year, and
the causes are fetal hydrops, respiratory failure, and renal
failure.2 In previous reports, MPS VII patients with pleural
effusions and ascites that improved in a relatively short
period of time were able to survive, whereas those with
intractable effusions were likely to die. Montaño et al2

showed that 10 MPS VII patients with severe fetal hydrops
died of heart, renal, or respiratory failure. Saxonhouse et al6

andWhybra et al5 reportedMPSVII patientswith ascites that
improved within a week, and both survived at least
27 months and 1 year, respectively. To our knowledge, our
report is a very rare case of survival despite severe fetal
hydrops and refractory ascites lasting more than 5 months.
One of the reasons for the patient’s survival may have been
related to careful intensive care management after birth.

Respiratory, circulatory, and nutritional management for
fetal hydrops is important for long-term survival. In our
case, the lung-protective respiratory management and early
establishment of nutrition were considered effective. Dur-
ing the acute phase, iNO was used for PH, and high-
frequency oscillatory ventilation, which maintains constant
intra-alveolar pressure and prevents lung damage caused
by over-expansion, was used for lung-protective respiratory
management. In addition, fluid management was per-
formed to maintain adequate circulating blood volume
while balancing edema and ascites. We were able to dis-
continue iNO at 5 days of age, and he was extubated within
2 months of age. These findings suggested that lung-protec-
tive respiratory management was effective, and the lungs
had grown to some extent. It is difficult to establish enteral
feeding in cases of fetal hydrops because nutrition is not
often initiated smoothly, as pleural effusions and ascites
may worsen, but in our case, we were able to start enteral
feeding at around 1 month of age with MCT formula and
establish nutrition at an early stage.

Early and intensive workup for the cause of refractory
ascites is important. Although there are many symptoms of
MPS VII, it is difficult to detect facial features, rib deformities,
and corneal opacity at an early age. In our case, the rib
deformity appeared at 4 months of age, and the corneal
opacity appeared at 6 months of age.

MPS VII was diagnosed in 34% of patients below 1 year of
age, as follows: 16% from1 year to 3 years of age, 11% from3 to
5 years of age, 20% from5 to 10years of age, and 12%older than
10 years of age.2 Only about one-third of cases are diagnosed
within 1 year of age, indicating that early diagnosis is difficult.

There are many causes of refractory ascites, including
chromosomal abnormalities, lymphatic abnormalities, infec-
tions, and cardiac diseases. Metabolic diseases are also an
important differential diagnosis, and MPS VII should be
considered as one of the differential diagnoses of refractory
ascites. Enzyme replacement therapy has been developed for
MPS VII, and an early definitive diagnosis is important.
Therefore, detailed assessment by genetic analysis, including
whole-genome sequencing, in the early stages of infancy
may be important for cases with hydrops and refractory
chylous effusion.

Conclusion

In conclusion, careful systemic management, such as lung-
protective respiratory management and the early establish-
ment of nutrition, are important for the long-term survival of
infants with fetal hydrops. We reported a severe case of MPS
VII who was discharged alive despite fetal hydrops and
refractory ascites. For cases of nonimmunological fetal
hydrops with refractory ascites, whole-genome sequencing
should be considered after ruling out cardiac, renal, and
gastrointestinal malformations, chromosomal abnormali-
ties, tumors, and congenital infections.
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