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Letters to the Editor

Prenatal genetic confirmation of a COL4A1
mutation presenting with sonographic fetal
intracranial hemorrhage
While the antenatal onset of intracranial lesions associated
with COL4A1 has been reported by us and others,
this diagnosis has always been made after birth1 – 3
(Table S1). This is the first report of the diagnosis of
a mutation in the COL4A1 gene in a fetus. A 35-year-old
woman was referred after detection of a cystic lesion
in the fetal posterior cranial fossa during ultrasound
screening. She had no family history of anomalies or
recent history of maternal or fetal trauma. Screening for
TORCH and alloimmune antithrombocyte antibodies in
maternal plasma, and polymerase chain reaction (PCR)
for cytomegalovirus and quantitative fluorescent (QF)PCR for trisomies 13, 18 and 21 in amniotic fluid
were negative. Fetal neurosonography at 21 + 6 weeks’
gestation revealed hyperechogenic walls of the lateral
ventricles and left-sided periventricular echogenicity. A
large germinal matrix hemorrhage extended with a wedgeshaped echogenic lesion into the left thalamus. The left
cerebellar hemisphere was replaced by an echolucent
area with displacement of the right cerebellar hemisphere
(Figure 1a). At 23 + 4 weeks, fetal MRI confirmed the
ultrasound findings. The posterior fossa mass had
expanded and had the appearance of an organizing
hematoma with destruction of the left cerebellar
hemisphere (Figures 1b and c). Repeat ultrasound scans
showed mild progressive dilatation, more obvious
echogenicity of the lateral ventricles and wedge-shaped
cystic evolution of the left thalamus (Figure S1a).
By 30 weeks’ gestation the results of sequence analysis
of the COL4A1 gene using fetal DNA isolated from

amniotic fluid became known, showing a de-novo
pathogenic missense mutation (G1103R). At 41 + 6 weeks
a female infant was delivered vaginally with normal
Apgar scores, birth weight (3355 g) and head circumference (34 cm). Neonatal MRI confirmed a wedge-shaped
area of cavitation in the left basal ganglia. There was lack
of myelination of the posterior limb of the internal capsule and absence of the left cerebellar hemisphere (Figures
S1b and c). Ophthalmological investigation showed sporadic small retinal hemorrhages. Renal sonography was
normal. The infant developed a hemiplegia.
Rates of fetal intracranial hemorrhage of 0.46 per
1000 deliveries and 0.9 per 1000 pregnancies have been
reported at referral centers4 . In an unknown proportion
of fetuses, a Mendelian genetic disorder, associated
with an increased risk for cerebral arteriopathy, can be
detected. The COL4A1 gene encodes for the alpha-1
chain of type IV collagen, a basement membrane protein,
which is expressed widely in all tissues, including the
vasculature5 . Mutations in the COL4A1 gene lead to
an altered COL4A1 protein, which compromises the
basement membrane of the vasculature, thus predisposing
to hemorrhage. In 2005 Gould et al.6 were the first
to report COL4A1 mutations in mice with perinatal
hemorrhage and in human families with porencephaly.
Since then COL4A1 mutations have been reported in
association with a wide spectrum of symptoms, including
familial porencephaly, intracranial aneurysms, muscle
cramps, hemorrhagic stroke, infantile hemiparesis7 – 9
and intraventricular hemorrhage in preterm infants with
parenchymal hemorrhage of antenatal onset2,3,10 . More
extensive supratentorial lesions, in combination with
cerebellar injury, have recently been reported2 . In our
case, the combination of a supratentorial hemorrhage
and a cerebellar lesion led to prenatal diagnosis of a

Figure 1 (a) Prenatal coronal ultrasound image at 21 + 6 weeks’ gestation showing a wedge-shaped echogenic lesion of the thalamus
adjacent to the left lateral ventricle. (b) Prenatal coronal T2SE-weighted magnetic resonance image (MRI) at 23 + 4 weeks’ gestation,
confirming the lesion and showing a low-signal-intensity area at the border, suggestive of a hemorrhagic component. (c) Prenatal MRI at
23 + 4 weeks’ gestation, showing the absent left cerebellar hemisphere on posterior coronal view.
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COL4A1 mutation. Making this diagnosis has important
implications for perinatal management and genetic
counseling.
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SUPPORTING INFORMATION ON THE
INTERNET
The following supporting information may be found
in the online version of this article:
Table S1 Summary of prenatal ultrasound and
magnetic resonance imaging findings in cases
with a COL4A1 mutation.
Figure S1 (a) Prenatal ultrasound image at
32 + 4 weeks’ gestation showing cystic
evolution of the echogenic lesion into a
porencephalic cyst. (b) Postnatal magnetic
resonance imaging (T2SE-weighted), axial
views. The left cerebellar hemisphere is absent.
There is an area of cavitation in the left basal
ganglia. (c) Myelination is only seen as low
signal intensity in the right posterior limb of
the internal capsule.
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Postpartum uterine involution: sonographic
changes in the endometrium between 2 and
6 weeks postpartum related to delivery mode and
gestational age at delivery
Ultrasound is the most appropriate tool with which to
evaluate the postpartum uterus. Parameters such as the
uterine anteroposterior (AP) diameter have been used as
indicators of the state of involution1,2 . Several studies
on the relationship between sonographic morphological
findings of the postpartum uterus and complications
have been published3 – 6 . However, few studies correlate
changes in endometrial thickness with the state of
involution. To the best of our knowledge, no study
has examined whether postpartum changes in the
endometrium depend on delivery mode or gestational
age at delivery. We performed a study to define normal
changes in endometrial thickness using sonography in the
puerperium and to determine whether there is a difference
in the changes depending on delivery mode and gestational
age at delivery.
Ninety-five women who underwent vaginal or Cesarean
deliveries of singletons at ≥ 32 weeks’ gestation with normal puerperium participated in this prospective observational study. None had a morphological uterine abnormality or a postpartum hemorrhagic event. All women were
asked to return to the hospital 2 and 6 weeks postpartum, when transabdominal sonography and transvaginal
sonography were carried out, respectively. All ultrasound
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Table 1 Changes in uterine anteroposterior diameter and endometrial thickness, as determined sonographically between week 2 and week 6
postpartum in relation to delivery mode and time of delivery

Sonographic
characteristic
Anteroposterior diameter

Endometrial thickness

Delivery specifics
n*

Mode

Time

39
10
26
20
39
10
26
20

Vaginal

Term
Preterm
Term
Preterm
Term
Preterm
Term
Preterm

Cesarean
Vaginal
Cesarean

Postpartum measurement (cm, mean ± SD)
Week 2

Week 6

(cm)‡

P†

6.29 ± 0.94
5.08 ± 1.34
5.96 ± 0.82
5.59 ± 0.72
1.60 ± 0.79
1.58 ± 0.41
1.27 ± 0.64
1.41 ± 0.72

3.23 ± 0.91
3.34 ± 0.70
3.48 ± 1.14
3.89 ± 1.20
0.73 ± 0.50
0.68 ± 0.44
0.79 ± 0.37
0.78 ± 0.30

3.05 ± 1.19
1.74 ± 1.08
2.48 ± 1.11
1.71 ± 1.38
0.87 ± 0.71
0.92 ± 0.59
0.48 ± 0.54
0.63 ± 0.64

<0.0001
0.001
<0.0001
0.001
<0.0001
0.001
0.002
0.001

*Number of women. †Student’s t-test. ‡Difference between measurements made at week 2 and week 6.

examinations were performed using a commercially available real-time ultrasound machine (ACCUVIX QX, Medison, Korea) with a 4–7-MHz transabdominal convex
probe and a 6.5-MHz transvaginal probe. Uterine measurements were obtained in a longitudinal section of the
uterus. The maximum AP diameter and the maximum
endometrial thickness were measured at 2 and 6 weeks
postpartum. Both measurements were taken perpendicular to the endometrium.
Study volunteers were divided into four subgroups
according to delivery mode and gestational age at delivery:
term vaginal delivery, preterm vaginal delivery, term
Cesarean delivery and preterm Cesarean delivery. We
found that the decrease in AP diameter was smaller
after a preterm delivery than that after a term delivery
(P = 0.003 for vaginal delivery and P = 0.056 for Cesarean
delivery), although the difference was not statistically
significant for Cesarean deliveries. After a term delivery,
the decrease in AP diameter was smaller after a Cesarean
delivery than that after a vaginal delivery (P = 0.054),
although this was not statistically significant. The decrease
in endometrial thickness was similar, irrespective of
delivery mode and gestational age at delivery (term vs.
preterm) with one exception: the decrease was larger
after a vaginal term delivery than after a Cesarean
term delivery (P = 0.040) (Table 1). The AP diameter
and endometrial thickness were both found to decrease
between 2 and 6 weeks postpartum, but showed some
differences in relation to delivery mode and gestational
age at delivery.
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From these results, we suggest that each parameter
potentially contributes to an understanding of the process
of involution in relation to delivery mode and gestational
age at delivery.
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