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Can Doppler studies predict mortality in
fetuses with congenital hydrocephalus?
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Abstract. Objectives: To evaluate the changes in middle cerebral artery (MCA) Doppler blood flow in fetuses with congenital
hydrocephalus in relationship with perinatal mortality.

Methods: This a prospective study conducted in King Fahad Medical City, Riyadh, Saudi Arabia from January 2008 to
December 2010. All fetuses diagnosed with congenital hydrocephalus had detailed morphology scans. The associated congenital
anomalies, cortical mental thickness measurement, and MCA Doppler abnormalities ware marked. Perinatal mortality rates were
evaluated in relation to those three findings. The main outcome measures were MCA Doppler changes and perinatal mortality rate.

Results: We managed 116 cases of congenital ventriculomegaly and hydrocephalus (35 cases with mild ventriculomegaly, 29
cases with severe ventriculomegaly, and 52 cases with hydrocephalus). The birth incidence of congenital hydrocephalus was
3.52 per 1,000 live births and the total perinatal mortality rate was 40.4% (21/52). Out of 52 cases of hydrocephalus, 9 fetuses
were diagnosed with abnormal MCA Doppler (absent or reverse diastolic flow). All nine fetuses died before the age of 24 hours.
Abnormal MCA Doppler and a cortical mental thickness measurement of less than 10 mm were significantly associated with
higher perinatal mortality rates with a relative risk of 4.42 and 3.58 respectively. The association of congenital hydrocephalus
with other congenital anomalies was not statistically associated with higher perinatal mortality.

Conclusion: Congenital Hydrocephalus is a common abnormality that is associated with high perinatal mortality. Abnormal
MCA Doppler blood flow appears to be a marker of poor prognosis and high perinatal mortality.
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1. Introduction

Congenital hydrocephalus is defined as abnormal
dilatation of the lateral ventricular system with marked
enlargement of the cranium. The incidence of congeni-
tal hydrocephalus has been estimated between 0.4–0.8
per 1,000 live and stillbirths [1, 2]. The etiology of con-
genital hydrocephalus is heterogeneous [3], X-linked
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hydrocephalus is the most common form of the inher-
ited hydrocephalus [2].

MCA Doppler blood flow has a significant role in
the diagnosis of fetal anemia, as in cases of rhesus
alloisoimmune disease [4] and in monitoring of growth
restricted fetuses [5]. To our knowledge, no study
looked at the changed in MCA Doppler blood flow with
congenital hydrocephalus as a marker or predictor of
perinatal mortality.

The objective of this study was to evaluate the MCA
Doppler blood flow abnormalities (absent/reverse dias-
tolic flow) in fetuses with congenital hydrocephalus as
antenatal ultrasound indicator or marker for perinatal
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mortality. Also, to compare MCA Doppler with the two
previously suggested ultrasound markers; association
with other congenital anomalies and cortical mental
thickness (CMT) of less than 10 mm; in relation to early
neonatal mortality. In addition to evaluate the inci-
dence of congenital hydrocephalus and the perinatal
mortality rates in our population.

2. Material and methods

This is a prospective cohort study conducted in
Maternal-Fetal Medicine Department, Women’s Spe-
cialized Hospital, King Fahad Medical City, during
the period from January 2008 to December 2010. The
study population involve all booked obstetrics patient
who had antenatal morphology scan and diagnosed
to have singleton fetuses with congenital ventricu-
lomegaly or hydrocephalus. The Exclusion criteria
were (1) all cases of ventriculomegaly or hydro-
cephalus that aborted before 22 weeks of gestational
age and (2) all Cases of ventriculomegaly a or hydro-
cephalus secondary to cranial anomalies (such as
cases of arachnoid cyst, Dandy Walker malformation,
or occipital encephalocele). The maternal demo-
graphic data were recorded from the ultrasound data
base.

All obstetrics patients were scheduled for morphol-
ogy scan from 18 to 22 weeks of gestation or later upon
booking. All fetuses diagnosed with major congenital
anomalies are referred to the fetal developmental clinic
(FDC). The fetuses with ventriculomegaly or hydro-
cephalus were allocated into three groups (1) mild
ventriculomegaly, where the lateral ventricle width was
11–14.9 mm, (2) severe ventriculomegaly where the
lateral ventricle width was 15 mm or more, and (3)
hydrocephalus when there is severe ventriculomegaly
with marked enlargement of the cranium.

All patients with ventriculomegaly or hydro-
cephalus underwent level II morphology scan per-
formed by maternal fetal medicine (MFM) consultant
and most of the patients had more than one ultrasound
scan. Congenital hydrocephalus was marked as either
isolated hydrocephalus or non-isolated hydrocephalus
if associated with other anomalies (i.e. Spina bifida).
MCA Doppler blood flow examination and the CMT
were measured in all fetuses with hydrocephalus. All
ultrasound examinations were performed by one ultra-
sound systems, Philips IU 22 and the data was stored
in our electronic ultrasound data base.

The MCA Doppler blood flow was sampled at
the lower third close to the origin of the artery
before branching. MCA flow velocity waveforms were
obtained for three times or more, and marked as nor-
mal or as an abnormal in cases of absent or reversed
diastolic flow. Caution was observed in minimizing the
transducer pressure especially when there was abnor-
mal diastolic flow. The CMT was measured in the
fronto-parietal cortex at the level of transventricular
view. We marked the cases as severe hydrocephalus
if the CMT was less than 10 mm. Umbilical artery
Doppler blood flow and electronic fetal heart mon-
itoring were performed in all cases. In addition,
karyotyping was offered to all patients.

Later on, all the cases were discussed in a multidis-
ciplinary prenatal planning meeting, in the presence of
neonatologist, genetic consultant, and pediatric neuro-
surgeons. All the patients delivered in our institution.
The mode of delivery was deliberated based on obstet-
ric indications. MCA Doppler blood flow findings did
not change or influence the mode of delivery plan. Fetal
craniocentesis was performed in seven patients either
prepartum or intrapartum to facilitate vaginal delivery.
The neonatal resuscitation team with the neonatologist
on call attended all deliveries and resuscitated all new-
borns. Pediatric Neurosurgeons were consulted for all
live newborns. Postnatal data were collected from the
labor room and the neonatal intensive care unit (NICU)
data base. The newborns were followed in the NICU
till discharged from the hospital.

The study was approved by the Institutional Review
Board (IRB). IRB Number 11–103 and IRB Register
number KACST: H-01-R-012. We used Fisher exact
test to build up the statistical data and use SPSS 18.0
for data analysis.

3. Results

During the study period, 14,767 patients delivered in
our institution. We have diagnosed a total of 116 fetuses
with congenital ventriculomegaly or hydrocephalus,
including 35 fetuses of mild ventriculomegaly, 29
fetuses of severe ventriculomegaly and 52 fetuses of
hydrocephalus. Maternal data, gestational age, and
outcomes of the three groups are shown in Table 1.
Umbilical artery Doppler blood flow and electronic
fetal heart monitoring were unremarkable in all cases.
Genetic testing was offered to all patients but only
24 mothers accepted the procedure. Four fetuses were
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Table 1
Maternal data, gestational age, and perinatal outcomes for the three

studied groups

Mild Severe Hydrocephalus
ventriculomegaly ventriculomegaly

Number 35 29 52
Maternal age 31 (22–53) 28 (19–41) 28.5 (16–44)

in yearsa

Consanguinity 14 (40%) 14 (48.3%) 28 (53.8%)
Recurrent 8 (22.9%) 4 (13.8%) 10 (19.2%)

history
Non-isolated 24 (68.6%) 16 (55.2%) 28 (53.8%)
Diagnosis 29 (17–38) 32 (15–40) 33 (19–40)

gestational
age in weeksa

Delivery 37 (22–43) 38 (24–41) 38 (25–41)
gestational
age in weeksa

Perinatal 19 (54.3%) 6 (20.7%) 21 (40.4%)
mortality

aData are presented as medians. Other data are presented in
numbers (%).

found to have abnormal chromosomal studies (two
fetuses with trisomy 18, one fetus with trisomy 13,
and one fetus with trisomy 21).

We managed a total of 52 fetuses of hydrocephalus;
the birth prevalence of congenital hydrocephalus in our
hospital population was 3.52 per 1,000 live births. The
most common associated congenital anomalies with
hydrocephalus were spina bifida (23.3%), club foot
(17.2%), renal anomalies (17.2%), and cardiac anoma-
lies (9.5%).

In the 52 fetuses with congenital hydrocephalus, 24
fetuses were diagnosed with isolated hydrocephalus
and 28 fetuses were diagnosed with non-isolated
hydrocephalus. The MCA Doppler blood flow was
abnormal (absent or reversed diastolic flow) in 9
fetuses, in 4 fetuses with isolated hydrocephalus
(Fig. 1) and in 5 fetuses with non-isolated hydro-
cephalus (Fig. 2). All live newborns were admitted to
the NICU. The total perinatal mortality rate was 40.4%
(21/52) including fetal and neonatal deaths.

By the evaluation of the three suggested ultrasound
markers in relation with perinatal mortality rates; CMT
of less than 10 mm and abnormal MCA Doppler were
significantly associated with higher perinatal mortal-
ity rates, P values were <0.001 and relative risks were

Fig. 1. Ultrasound images of fetus with isolated hydrocephalus, A: cortical mental thickness of 8.5 mm. B: middle cerebral artery Doppler blood
flow showing reversed diastolic flow.

Fig. 2. Ultrasound images of fetus with hydrocephalus and multicystic kidneys, A: cortical mental thickness of 8.2 mm. B: middle cerebral
artery Doppler blood flow showing reversed diastolic flow.
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Table 2
Congenital hydrocephalus perinatal mortality rate in relation to the three suggested prognostic markers; other associated congenital anomalies,

cortical mental thickness (CMT), and middle cerebral artery (MCA) Doppler

Abnormality findings Mortality RR P value

Hydrocephalus (N = 52) Isolate Non-isolate

7/24 (29.3%) 14/28 (50%) 1.71 0.129

Hydrocephalus (N = 52) CMT >10 mm CMT <10 mm

3/22 (13.6%) 18/30 (60%) 4.42 <0.001

Hydrocephalus (N = 52) MCA normal MCA abnormal

12/43 (27.9%) 9/9 (100%) 3.58 <0.001

Severe hydrocephalus Isolated Non-isolated

CMT <10 mm (N = 30) 6/13 (46.2%) 12/17 (70.6%) 1.53 0.176

Severe hydrocephalus MCA normal MCA abnormal

CMT <10 mm (N = 30) 9/21 (42.9%) 9 /9 (100%) 2.33 0.003

Data are presented in numbers (%); RR: relative riak.

4.42 and 3.58 respectively. The association of con-
genital hydrocephalus with other congenital anomalies
was not significantly associated with increases perina-
tal mortality rate, P values was 0.129 with a relative risk
of 1.71. The details of prenatal mortality rates for iso-
lated hydrocephalus and non-isolated hydrocephalus
in relation to CMT and MCA Doppler blood flow are
shown in Table 2.

In the subgroup of 30 fetuses with severe hydro-
cephalus with CMT less than 10 mm, 13 fetuses
had isolated hydrocephalus and 17 fetuses had non-
isolated hydrocephalus, the perinatal mortality rates
was not significantly increased with associated con-
genital anomalies, the P values was 0.176 with a
relative risk of 1.53. In the same subgroup, MCA
Doppler was normal in 21 fetuses and abnormal in 9
fetuses, the perinatal mortality rate was significantly
higher with abnormal MCA Doppler blood flow, the P
values was 0.003 with a relative risk of 2.33, Table 2.

4. Discussion

Women’s Specializes Hospital, King Fahad Medi-
cal City is a tertiary referral centre for the ministry
of health, receiving referrals from all over Saudi
Arabia. The marked high prevalence of congenital
hydrocephalus in our study in comparison to the inter-
nationally published reports could be explained by
several reasons; first, KFMC is a referral centre for
Saudi Arabia, second, consanguinity rate was high in
our study population that may add an unknown genetic

factors, and third, termination of pregnancy of con-
genitally malformed fetuses is not practiced in our
community.

In cases of congenital hydrocephalus, the dilated
ventricular system containing an excessive amount of
cerebrospinal fluid (CSF) leads to increased intracra-
nial pressure, which results in thinning of the cerebral
mantle. With the increasing intracranial pressure,
the vascular system is compressed, and the venous
pressure increases, resulting in a decrease in end-
diastolic flow in cerebral vessels and ischemia caused
by decreasing cerebral perfusion pressure [6]. We
excluded the cases of Dandy-Walker malformations,
arachnoid cysts, and encephalocele, because those
cases have poor prognosis. Mixing those heteroge-
neous groups of fetuses with fetuses with hydro-
cephalus secondary to increased intracranial pressure
will affect the results, because we are looking for mark-
ers of poor perinatal prognosis in fetuses with hydro-
cephalus that generally have a favorable prognosis.

In healthy fetuses, the diameter of the middle cere-
bral artery (MCA) increases with advancing gestation
and there is a continuous forward flow in the all the
cerebral arteries throughout the cardiac cycle even dur-
ing diastole [7, 8]. Abnormal MCA Doppler blood flow
as absent or reversed diastolic flow was reported to
be a benign transient event except in one case where
persistent reversed diastolic flow proceeded intrauter-
ine fetal death [9]. In a severely growth-restricted
fetus, reverse flow in the MCA was reported as one of
the terminal hemodynamic events that preceded fetal
death [10].
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The prognosis of fetuses with congenital hydro-
cephalus is variable. For neonates with congenital
hydrocephalus, a favorable outcome is expected in
patients with a CMT of two cm and more [11]. On
the other hand, there are no specific criteria or indi-
cators to predict postnatal prognosis during antenatal
evaluation. The association of other congenital anoma-
lies with hydrocephalus and fronto-parietal CMT was
suggest as prognostic indicators for perinatal outcome.
However, the ratio of the size of the lateral ventricles
to CMT was found to be weak indicator for long-term
prognosis [12].

Trans cranial Doppler (TCD) has been investigated
widely in pediatric and adult patients. In children
with hydrocephalus, TCD was an effective method to
evaluate cerebral circulation and increased intracra-
nial pressure [13]. In adult patients, TCD of cerebral
vessels is a useful and valid method for the confir-
mation of cerebral circulatory arrest [14]. Abnormal
MCA Doppler blood flow, absent or reversed end dias-
tolic flow, has been reported as features of brain death
or vegetative state [15]. More studies showed that
reversed flow in the MCA often preceded loss of brain
stem function, reliably predictive of brain death [16]
and is considered as characteristic of cerebral circu-
latory arrest. The specificity of TCD examination of
the MCA in confirming brain death was reported to be
100% [17].

The antenatal diagnosis of congenital hydrocephalus
carries poor prognosis, with higher perinatal mortality
rate if associated with other anomalies, although it was
not statistically significant, it is clinically significant.
The same result was reported recently, that severe ven-
triculomegaly carries poor prognosis and associated
anomalies worsened the prognosis.

Although CMT less than 10 mm was associated with
higher perinatal mortality rate, it was clinically difficult
to acquire especially when the intracranial anatomy
was severely disturbed. The finding of abnormal MCA
Doppler blood flow was significantly associated with
higher perinatal mortality rate (100%). MCA Doppler
blood flow sampling was relatively easy even with
disturbed intracranial morphology. To our knowl-
edge, this is the first study reporting abnormal MCA
Doppler blood flow (absent/reverse diastolic flow) in
fetuses with congenital hydrocephalus. Even though,
the results were statically significant, we believe that
further studies are needed to evaluate the same result.

The assumption that severe dilatation of the fetal
ventricles leads to increased intracranial pressure and

increased resistance to the cerebral blood flow which
disrupts cerebral perfusion, seems to be confirmed by
the presence of abnormal Doppler blood flow in such
cases. Our data goes in favor of poor prognosis, as
all fetuses with abnormal MCA Doppler blood flow
died in the early neonatal period. We believe that MCA
Doppler blood flow should be used as an assessment
parameter during antenatal evaluation of fetuses with
hydrocephalus or other intracranial anomalies. Further
larger studies are needed to evaluate these findings.

5. Conclusion

Congenital hydrocephalus is common in our ter-
tiary center population with high perinatal mortality
rates. Persistent abnormal MCA Doppler blood flow
(Absent/reversed diastolic flow) in fetuses with con-
genital hydrocephalus is a sign of poor prognosis and
an indicator for fetal and perinatal mortality.
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