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Aim: The goal of this study was to evaluate selected parameters of the Doppler curve of the pericallosal artery at

children with hydrocephalus.

Methods: 12 patients with hydrocephalus were divided into two groups. Group 1 comprised children needing

cerebrospinal fluid drainage, and group 2 comprised children without any indication for drainage or with an already
inserted well-functioning drainage system. Dilatation of the cerebral ventricles was determined by transcranial ul-
trasonography. Following parameters of a blood flow of the pericallosal branch of the anterior cerebral artery: peak
systolic blood flow velocity (PSFV), end-diastolic blood flow velocity (EDFV) and resistive index (RI) were observed
by transcranial Doppler ultrasonography. Parameters of The Doppler curve were measured without pressure (baseline
parameters) and during compression of the anterior fontanelle (pressure provocation test).

Results: Group 1: baseline parameters: PSFV 68.9 + 13.52 cm/s, EDFV 18.26 = 10.39 cm/s, R1 0.76 + 0.12; param-
eters during pressure provocation test: PSFV 66.92 + 19.75 cm/s, EDFV 10.88 + 11.18 cm/s, RI1 0.86 + 0.14. Group 2:
baseline parameters: PSFV 59.95 + 19.38 cm/s, EDFV 20.65 + 8 cm/s, RI 0.65 £ 0.04; parameters during the pressure
provocation test: PSFV 57.14 = 18.91 cm/s, EDFV 17.7 £ 8.3 cm/s, R1 0.68 £ 0.05.

Conclusion: The results show increased baseline and postcompressive values of RI of pericallosal artery in infants
with hydrocephalus before drainage procedure and normal values of RI at children without the need for cerebrospinal
fluid drainage or with a well-functioning drainage system.

INTRODUCTION

Hydrocephalus is characterised by an excessive accu-
mulation of cerebrospinal fluid, as a result of failure in
production, flow or absorption of CSF. It may be con-
genital or acquired.

The CSF accumulation is nearly always accompanied
by ventricular enlargement. Elevation an intracranial
pressure is in most cases present. Principally it occurs
as a hydrodynamic disorder of cerebrospinal fluid. An
exception is so-called “arrested hydrocephalus® which
leaks the progressive dilatation of brain ventricles and
the negative consequences of hydrocephalus. There is a
normal growth curve of head circumference. Stabilisation
of a ventricles size is due to alternative pathways of CSF
absorption. Lots of factors might disrupt this fragile in-
tracranial equilibrium and induce acute elevation of ICP
with hydrocephalus decompensation (infection, fever,
mild injury, etc.). Another exception is hydrocephalus ex
vacuo, when dilatation of ventricles is caused by atrophy
of a brain tissue. There is no increase in ICP.

Pathophysiological changes in progressive pediatric
hydrocephalus include: increased intracranial volume,
progressive dilatation of ventricles, decreased intracranial
compliance, increased intracranial pressure, alteration in
brain circulation and secondary brain impairment, such
as a hypoperfusion, ischaemia, alteration in metabolism
(acidosis, higher lactate concentration, etc.), changes in
neurotransmitters, damage to associative pathways, cor-
tex and white matter. Periventricular axons and myelin
are primary targets of the injury. Secondary changes in
neurons reflect the stress or ultimately the disconnection
of axons'.

Transcranial Doppler colour coded sonography is
noninvasive and a relatively new method that combines
imaging of cerebral blood vessels and a brain tissue with
the examination intracranial hemodynamics at patient’s
bedside. It may be used for various indications. The
most common clinical applications are: evaluation of
the cerebrovascular status in stroke patients, diagnosis
of cerebral vasospasm, detection of aneurysms and arte-
riovenous malformations, indirect detection of cerebral
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venous thrombosis, monitoring space-occupying brain
oedema, that may lead to herniation of brain tissue, intrac-
erebral hemorrhage, mainly in a supratentorial location,
intracranial hypertension, hydrocephalus, brain tumors
and neurodegenerative diseases, such as Parkinson’s or
the Huntington’s disease’.

Symptoms of hydrocephalus vary with age, disease
progression and individual tolerance to changes in CSF
volume. In infancy, the most common clinical signs are:
discomfort, lethargy, irritability, drowsiness, increasing
head circumference, macrocrania, bulging fontanelle, dis-
tension of scalp veins, suture diastasis, swelling of optic
disc, downward deviation of the eyes (called “sunsetting”
sign), nausea, vomiting, bradycardia, episodes of apnea,
recurrent aspiration, respiratory arrest, poor feeding
and sucking, problems with balance, poor coordination,
slowing or loss of development. However, clinical signs
of raised ICP are known to be unreliable and sometimes
even misleading.

The aim of this prospective study was to evaluate se-
lected parameters of the Doppler curve of pericallosal
artery in children with hydrocephalus to decide whether
drainage procedure is needed and to monitor the function
of already inserted drainage systems.

MATERIALS AND METHODS

In our study we focused on evaluation of the brain
circulation in children with hydrocephalus by means of
transcranial colour coded Doppler sonography.

The patients were divided into two groups. The group
1 comprised 6 patients (5 boys and 1 girl) with an average
age of 215 days. Included were patients before drainage
procedure into this group. The aetiology of hydrocephalus
in this group was as follows: congenital (n = 5), posthaem-
orrhagic (n = 1) and postinfectious (n = 2). In some cases
the aetiology was combined. The type of hydrocephalus:
three ventricles dilatation (n = 4), four ventricles dilatation
(n = 1), cystic schizencephaly (n = 1). Surgical treatment
included: insertion of ventriculo-peritoneal shunt (n = 3),
endoscopic ventriculostomy (n = 2) and a revision of mal-
functioning ventriculo-peritoneal shunt (n = 1). Group 2
consisted of 6 patients (5 boys and 1 girl) with an average
age 246 days. This group comprised patients without the
need for CSF drainage or with an already inserted func-
tioning drainage system. The aetiology of hydrocephalus
in this group was as follows: congenital (n = 5), posthaem-
orrhagic (n = 1) and postinfectious (n = 2). In some cases
the aetiology was combined. The type of hydrocephalus:
three ventricles dilatation (n = 4), four ventricles dilata-
tion (n = 2). The surgical treatment: no need for CSF
drainage (n = 4), a well-functioning ventriculo-peritoneal
shunt without the need for shunt revision (n = 2).

All patients underwent the ground neurological evalua-
tion where clinical signs of intracranial hypertension were
observed. The other part of examination was an ultra-
sonographical morphometry of a brain (width of cerebral
ventricles). The transcranial colour coded Doppler sonog-
raphy was used for assessment of haemodynamic param-
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eters of brain circulation using the anterior fontanelle as
an acoustic window. TCCD was performed on the device
ALOKA with 5SMHz transducer. Parameters were exam-
ined from the pericallosal branch on the anterior cerebral
artery, in its vertical course anterior to the genu corporis
callosi. The examination was performed with light contact
of transducer on the anterior fontanelle (baseline parame-
ters) and with its compression (pressure provocation test).
The following parameters were measured: peak systolic
flow velocity (PSFV), end-diastolic flow velocity (EDFV)
and resistive index (RI, Pourcelot index), that is obtained
by dividing the difference between the peak systolic flow
velocity and end-diastolic flow velocity by peak systolic
flow velocity: RI = (PSFV - EDFV) / PSFV. All param-
eters were measured both, with only light contact of trans-
ducer with anterior fontanelle and during compression of
fontanelle - pressure provocation test.

Extracranial factors that might affect shape and char-
acteristics of Doppler curve were assessed, such as: body
temperature, haematocrit, haemoglobin, blood gases,
condition of the child during examination, presence of
congenital developmental defects of heart and major
blood vessels.

Informed consent from all mothers of investigated
newborns and children was obtained. The study protocol
was approved by the Ethics Committee of the Jessenius
Faculty of Medicine, Comenius University in Martin,
Slovakia.

RESULTS

Through the use of ultrasonography we collected and
compared results in both groups. One pursued parameter
was width of cerebral ventricles - both lateral and third
ventricle. There are obviously bigger width parameters in
the group 1 (Table 1).

Other compared parameters acquired through the use
of TCCD were parameters of the Doppler curve of peri-
callosal artery in both groups. The measurement was per-
formed without any pressure (baseline parameters) and
during compression of the anterior fontanelle (pressure
provocation test). PSFV was higher in the group 1 and did
not change after fontanelle compression. EDFV was de-
creased in the group 1 in comparison with group 2 where
EDFV had normal values. RI was higher in the group 1
and this increase was move pronounced after fontanelle
compression. There was no change in the group 2 in RI
after compression of the anterior fontanelle (Table 2,
Graph 1, Figgure 1).

DISCUSSION

The transcranial colour coded Doppler sonography
provides a bedside noninvasive and easily repeatable
means of monitoring cerebrohaemodynamic changes with
good clinical applications.

The outcomes of clinical and experimental studies
show a correlation between increase in ICP and changes
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Table 1. A comparison of the width of cerebral ventri-
cles between the group 1 and the group 2 (n = 12)

group 2

group 1

O baseline RI B compressive RI

Graph 1. Comparison of resistive index (RI) of Doppler
curve of the pericallosal artery between the group
1 and the group 2 (n=12)

in Doppler curve: mainly decreased end-diastolic velocity
of cerebral blood flow and increased RI. The mean cer-
ebral blood flow is mainly determined from the diastolic
flow. As ICP rises, the arterial flow is more affected dur-
ing the diastole than during the systole, resulting in an
increase in RI’. The results of a study published by Taylor
(1996) show that the change in RI during fontanelle com-
pression is a better predictor of ICP than is the RI value
obtained without the fontanelle compression, and that
this technique can be used to monitor the effectiveness of
surgical therapies in children with hydrocephalus?.

The relationship between ICP and haemodynamic pa-
rameters of brain vessels on the Doppler curve, notably
the RI, is of a complex nature and is therefore expected
to be nonlinear. In addition, many factors, apart from
ICP may influence the RI of right intracranial vasculature,
such as an age, physical and mental activity, manipula-
tion and examination of the patient, body temperature,
metabolic activity, functionality of brain autoregulation,
Pa02, PaCO2, pH, morphological changes in vessels and
brain tissue, cardiac output, heart rate, cerebral vascular
resistance, the presence of patent ductus arteriosus, cer-
ebral perfusion pressure, blood viscosity, systemic blood
pressure, use of vasoactive medications’.

In pediatric hydrocephalus, the rationale for indica-
tion of CSF drainage is currently progression of ventricu-
lar enlargement on consecutive imaging studies and the
presence of clinical signs of increased ICP. The mere pres-
ence of ventriculomegaly on ultrasonography, CT or MRI
cannot be used as an indication for treatment. When ICP
values are normal or only minimally elevated, the risks of
drainage (shunt infection, slit ventricle syndrome, subdur-
al hygromas, and further distortion of brain architecture)
do not outweigh the benefits, and drainage is therefore
contraindicated'’. On the other hand, early obstruction of
CSF flow, initially may not lead to ventricular dilatation,
yet may distort the brain architecture and compromise
cerebral perfusion to such an extent brain damage ensues.

Group 1 Group 2
Left lateral 4.08 + 1.94 2.10 + 1.94
ventricle (cm)
Right lateral 403 + 191 212 + 1.54
ventricle (cm)
Third ventricle 2.10 £ 0.96 0.70 £ 0.20
(cm)

Table 2. A comparison of the parameters of the
Doppler curve of the pericallosal artery between
the group 1 and the group 2 (n = 12)

Group 1 Group 2
Baseline parameters
PSFV (cm/s) 68.90 £ 13.52 | 59.95+19.38
EDFV (cm/s) 18.26 £ 10.39 | 20.65 = 8.00
RI 0.76 £ 0.12 0.65 £ 0.04
Pressure
provocation test
PSFV (cm/s) 66.92+19.75 | 57.14 £ 18.91
EDFV (cm/s) 10.88 £ 11.18*| 17.70 = 8.30
RI 0.86 +0.14 0.68 £0.05

PSFV - peak systolic flow velocity, EDFV - end-diastolic
flow velocity, RI - resistive index

* Discrepancy greater than the average is caused by
the children With EDFV = 0 included in the observed
group.

The ventricular dilatation without significant rise in ICP
may indicate the presence of a new equilibrium between
CSF production and resorption (arrested hydrocephalus),
and these children probably do not benefit from the drain-
age procedure.
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1b - anterior fontanelle pressure provocation test
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Fig. 1. Doppler curve of the pericallosal artery in the infant with progressive three-ventricular hydrocephalus before
drainage procedure: la - baseline parameters, 1b - anterior fontanelle pressure provocation test

Parameters of the Doppler curve of the pericallosal
artery serve as indication criteria for drainage interven-
tion in children with hydrocephalus as well as good timing
predictor for intervention'!. Another application is in de-
tection of functional disturbance of already inserted drain-
age system. Early diagnosis allows a proper indication for
surgery initially or after development of complications in
patients with malfunctioning shunts, thus reducing the
chance deterioration cognitive functions'?.

It is most likely that the increase in blood flow veloc-
ity reflects an increase in cerebral blood flow in response
to reduction in intracranial pressure after CSF drainage.
Mean CSF pressure, which is likely to be the same as
intracranial pressure, is lower after the drainage proce-
dure®.

The lack of specificity of symptoms of shunt blockage
has resulted in a greater reliance on the examination and
investigation. Palpation or pumping chamber of valve is
unreliable. The brain CT shows enlarged ventricles but
a previous scan is required for comparison'.

Symptoms of malfunctioning CSF shunt may be eas-
ily confused with those of intercurrent illness: headache,
vomiting and drowsiness are presenting features of a mul-
titude of childhood illnesses. In patients with malfunction-
ing shunts changes in Doppler curve of cerebral arteries
(increase RI due to decrease in EDFV) are present much
earlier than progression dilatation of brain ventricles®.

The introduction of pressure provocation test of ante-
rior fontanelle to examine CSF storage capacity has lead
to greater accuracy of TCCD ultrasonography to separate
normal from (borderline) abnormal values'®. Initially, a
change in intracranial volume is offset with volume shifts
in other components so that ICP remains essentially un-
changed. As the capacity to shift volume is surpassed,
further increases in intracranial volume result in elevation
of ICP. During graded fontanelle compression in normal
infants, cerebrospinal fluid or a blood can be readily dis-
placed to compensate for the small increase in the volume

delivered by the transducer, which results in no increase
in ICP. In infants with an abnormal intracranial compli-
ance, however, the increase in intracranial volume with
the graded fontanelle compression is translated into a
transient increase in ICP and a concomitant decrease in
cerebral perfusion pressure. The increase in ICP mani-
fests as increased RI and the decrease in end-diastolic flow
velocity, sometimes even mild decrease in peak systolic
blood flow velocity and also the reversed diastolic blood
flow. ICP is measured indirectly by changes in RI and
EDFV as presented also in our study.

CONCLUSIONS

The results of our study show that in children with
hydrocephalus before the insertion of the CSF drainage,
there is alteration in brain circulation. This can be verified
by means of TCCD examination. There are changes on
baseline and postcompressive haemodynamic parameters
of the Doppler curve of the pericallosal artery, mainly
increase in RI and decrease in EDFV.

Transcranial colour-coded Doppler ultrasonography
can be used to monitor children with hydrocephalus. It
is a useful, noninvasive predictor of elevated ICP and
decreased intracranial compliance. It is helpful in the
indication and the timing of CSF drainage procedure
or predicting the need for a revision operation in mal-
functioning shunts. Transcranial colour-coded Doppler
ultrasonography currently plays an important role in the
surgical decision making in patients referred for CSF
drainage procedures. In spite of the common use of vari-
ous imaging techniques, physical examination remains an
inseparable part of the assessment of intracranial dynam-
ics in children with hydrocephalus. Parents who are able
to observe subtle changes in the behavior of their child
play an important role.
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ABBREVIATIONS

CSF - cerebrospinal fluid, ICP - intracranial pressure,
TCCD - transcranial Doppler colour coded sonography,
PSFV - peak systolic flow velocity, EDFV - end-diastolic
flow velocity, RI - resistive index, CT - computed tomog-
raphy, MRI - magnetic resonance imaging
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