
Somatosensory Evoked Potentials in Children with Brain Ventricular 
Dilatation

Aim To determine possible nerve conduction changes in the somatosensory 
pathway in children with brain ventricular dilatation and to estimate the 
relation between the ventricular size and somatosensory evoked potentials 
(SEP).

Methods Twelve children with ventricular dilatation (frontal and occipital 
horn ratios >0.44) and 19 children without ventricular dilatation (control 
group), aged between 2 and 15 years, were included in the study. Somato-
sensory evoked responses to median nerve stimulation were recorded in both 
groups. Evoked potentials were recorded by silver/silver chloride cup elec-
trodes from Erb’s point in the supraclavicular fossa (wave N9), the cervical 
spine at the C7 vertebral prominence (wave N13), and the scalp above the 
contralateral sensory cortex at the point C3’ or C4’, 1 cm behind the C3 or 
C4 site in the standard 10-20 system (wave N19). Computed tomography 
scanning was performed to estimate ventricular dilatation.

Results The conduction time of the central somatosensory pathway (N19-
N13 interwave latency) was significantly longer in the children with ven-
tricular dilatation than in the control group (P = 0.046). A statistically sig-
nificant but weak correlation was found between the frontal and occipital 
horn ratio values and the N19-N13 interwave latencies in the subjects with 
enlarged ventricles (r = 0.579, P = 0.045)

Conclusion Ventricular dilatation is associated with prolonged conduction 
of the central part of the somatosensory pathway in children. Early detec-
tion and treatment of hydrocephalus could be useful in preventing long-term 
consequences of high intraventricular pressure.
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Testing of somatosensory evoked potentials 
(SEP) is a noninvasive, objective method for 
evaluating the central and peripheral nervous sys-
tems, and can also generate information about 
the maturation of the human afferent sensory 
system (1,2). This testing is particularly useful 
in infants and children because the clinical sen-
sory neurological examination in these patients 
is often difficult and unreliable. In infants with 
hydrocephalus, both visual and auditory brain-
stem evoked potentials have already been studied 
(3,4). However, a limited number of studies have 
been done to assess SEPs in such infants (5).

Hydrocephalus is characterized by diffuse 
cortical and subcortical damage and therefore 
differs from other pathologies that result from 
discrete lesions. Neurophysiological consequenc-
es of hydrocephalus and their influence on the 
function of different neuroanatomic structures 
are not well known. In children, hydrocephalus 
compromises normal neurological development 
and can also cause permanent neurocognitive se-
quels (6). Therefore, special attention should be 
paid to the early detection and timely treatment 
of hydrocephalus.

The aim of our study was to determine the 
possible nerve conduction changes in the so-
matosensory pathway in children with ventric-
ular dilatation and to estimate the relation be-
tween the ventricular size and SEPs latencies.

Patients and methods

Patients

All children between 2 and 15 years of age with 
radiologically diagnosed brain ventricular dilata-
tion admitted to the Department of Neurosur-
gery, University Medical Center Ljubljana, be-
tween April 1999 and April 2001 were included 
in the study. Of 12 children with enlarged ven-
tricles, 7 were girls and 5 were boys aged 24-188 
months (median, 66 months). Computed to-
mography (CT) scanning of the brain was per-

formed in all the children due to clinical signs of 
hydrocephalus. All children had pathological val-
ues of frontal and occipital horn ratios >0.44 and 
closed anterior and posterior fontanels (7). We 
decided to use the frontal and occipital horn ra-
tio to evaluate ventricular size because it is a sim-
ple method and the ratio has an excellent correla-
tion with the exact ventricular volume (7). This 
ratio also takes into account the size of the oc-
cipital horns of the lateral ventricles. The increase 
in ventricular size in children is often more pro-
nounced in the posterior than the anterior brain 
regions, because the occipital horns of the lat-
eral ventricles enlarge at a faster rate than other 
ventricular areas (8,9). Sometimes the occipital 
horns are the only portions of the lateral ventri-
cles which enlarge (10). The exclusion criteria 
were malformations detected by prenatal mor-
phological ultrasound or after delivery and any 
evidence of a degenerative neurological disease. 
In the studied group, aqueductal stenosis was de-
tected in 2 children, hydrocephalus due to peri-
natal hemorrhage was diagnosed in 3 children, 
previous traumatic subarachnoid hemorrhage 
was present in 2 children, whereas in 5 children 
the etiology of hydrocephalus was unknown. All 
children presented with a headache and some of 
them also had occasional nausea and vomiting.

The control group consisted of 10 girls and 9 
boys aged 2-15 years (median, 74 months; range 
26-184 months) who were admitted to our hos-
pital due to suspect head trauma. All of them had 
minimal or mild head trauma, with a Glasgow 
Coma Score of 14 or 15. Brain CT scan per-
formed in all children did not reveal any intracra-
nial lesions (contusion or hemorrhage), edema or 
ventricular dilatation. In 2 children, only a linear 
skull fracture was detected, but operative treat-
ment was not required. None of them had any 
neurological deficits. Otherwise, the infants were 
full-term and delivered after an uncomplicated 
pregnancy. They all had an Apgar score of at least 
8 at birth and 10 at five minutes, birth weight of 
at least 2500 g, and normal head circumference. 



281

Koršić et al: Somatosensory Evoked Potentials and Ventricular Dilatation

None showed any evidence of a previous neuro-
logical disease, ventricular dilatation or hydro-
cephalus. All children in this group had a frontal 
and occipital horn ratio <0.44, which is the up-
per limit of normal range (7).

The study protocol was approved by the Eth-
ics Committee and the children’s parents gave an 
informed consent to all the procedures.

Methods

Evoked potentials to median nerve stimula-
tion were recorded by silver/silver chloride cup 
electrodes from Erb’s point in the supraclavic-
ular fossa (wave N9), the cervical spine at the 
C7 vertebral prominence (wave N13), and the 
scalp above the contralateral sensory cortex at 
the point C3’or C4’, 1 cm behind the C3 or C4 
site in the standard 10-20 system (wave N19) 
referenced to Fz of 12 children with enlarged 
ventricles and 19 children in the control group. 
The recordings were made with Medelec Sensor 
equipment (Medelec Ltd Old Woking, Surrey, 
UK) using an amplifier with a filter band-pass of 
10-3000 Hz. An analysis time of 50 ms was used 
and responses to 256 stimuli were summated.

The study was performed in a quiet room at 
a constant temperature of 20-25°C, and all sub-
jects were calm. The median nerve at the wrist 
was stimulated by an electric square-wave pulse 
of 0.3 ms duration, which was of sufficient in-
tensity to produce a noticeable movement of the 
thumb (11). The positioning of the recording 
electrodes on the scalp was carefully selected, tak-
ing into account the differences in the size of the 
skull at different ages.

Cranial CT scanning was performed on a So-
matom Plus 4 scanner (Siemens AG, Forchheim, 
Germany). The CT slices were parallel to the or-
bitomeatal plane, with axial slices from the fora-
men magnum to the vertex. For each procedure, 
15 continuous slices were obtained, consisting of 
six 5-mm-thick scans in the posterior fossa and 
nine 10-mm-thick scans through the cerebrum 
to the vertex. Linear measurements were made by 

means of a standard ruler, graded in millimeters. 
Maximum bifrontal horns width of the lateral 
ventricles (A), maximum width of both occipital 
horns of the lateral ventricles (B) and maximal 
interparietal diameter (C) were measured and 
the frontal and occipital horn ratio was calculat-
ed as A+B/2C (7).

Statistical analysis

In all children, the difference between the laten-
cies of N19 and N13 (N19-N13) and of N13 
and N9 (N13-N9) were calculated and used for 
statistical analysis. In this way the sensory con-
duction time of different parts of the somatosen-
sory pathway was estimated. These differences 
are independent of the length of the arm and of 
the subject’s body (12). Mann-Whitney test was 
used to compare the latency intervals in children 
with ventricular dilatation and control children. 
Spearman’s correlations were calculated between 
the differences in N19-N13 latency and the 
frontal and occipital horn ratio. All values were 
expressed as the median value and range, unless 
otherwise indicated. P<0.05 was considered sta-
tistically significant. The analysis was performed 
with Statistical Package for Social Sciences 9.0 
(SPSS Inc. Chicago, IL, USA).

Results

Somatosensory evoked responses were recorded 
in all children included in the study. Similar SEP 
latencies of the N9 and N13 waves were detect-
ed in both control children and children with 
ventricular dilatation (Table 1). No statistically 
significant differences were found between the 
groups. The latency of wave N19 was prolonged 

Table 1. Somatosensory evoked responses after median nerve 
stimulation in children with or without ventricular dilatation

Somatosensory evoked responses (median, range; ms)

Latency
control group

(n = 19)
children with

ventricular dilatation (n = 12) P*
N9   7.7 (5.7-11.2)   7.8 (5.8-10.4) 0.570
N13 10.1 (7.1-13.8) 10.1 (7.2-13.4) 0.839
N19 16.2 (13.2-19.8) 16.8 (14.4-22.4) 0.265
*Mann-Whitney test.
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in the children with enlarged ventricles, but this 
prolongation was not statistically significant 
(P = 0.265).

The conduction time of the central somato-
sensory pathway (N19-N13 interwave latency) 
was significantly longer in the group of children 
with ventricular dilatation compared with the 
control group (P = 0.046) (Figure 1). In the con-
trol children, the median value of N19-N13 la-
tency was 6.0 ms (range, 4.4-8.2), compared with 
a median of 7.45 ms (range, 4.3-10.4) in children 
with ventricular dilatation.

The median N13-N9 interwave latency was 
2.4 ms (range, 1.4-3.6) in children with ventricu-
lar dilatation, and also 2.4 ms (range, 1.4-3.9) in 
the control group. No statistically significant dif-
ference was found between the groups (Figure 2).

The median value of frontal and occipi-
tal horn ratio was 0.36 (range, 0.29-0.39) and 
0.55 (range, 0.45-0.81) in the control group and 
group of children with ventricular dilatation, re-
spectively. No correlation was found between 
the N19 wave latencies and ventricular size in 
the children with ventricular dilatation (Figure 
3). However, a weak but statistically significant 
correlation was found between the frontal and 
occipital horn ratio values and the N19-N13 in-
terwave latencies in the children with enlarged 
ventricles (r = 0.579, P = 0.045) (Figure 4).

Figure 3. Relationship between N19 somatosensory evoked response 
after median nerve stimulation and the frontal and occipital horn ratio 
in children with ventricular dilatation. There was no statistically signi-
ficant correlation (r = 0.277, P = 0.364).

Figure 4. Relationship between N19 and N13 somatosensory evoked 
responses (N19-N13 interwave latency) after median nerve stimulation 
and the frontal and occipital horn ratio in children with ventricular dila-
tation (r = 0.579, P = 0.045).

Figure 1. Differences between N19 and N13 somatosensory evoked 
responses (N19-N13 interwave latency, median ± quartiles) after 
median nerve stimulation in control children and children with ven-
tricular dilatation. The difference between the groups was significant 
(P = 0.046).

Figure 2. Differences between N13 and N9 somatosensory evoked 
responses (N19-N13 interwave latency, median ± quartiles) after me-
dian nerve stimulation in control children and children with ventricular 
dilatation.
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Discussion

Our results showed that the short latency so-
matosensory evoked responses (N19-N13 in-
tervals) were significantly prolonged in children 
with ventricular dilatation. A significant correla-
tion was also found between the increase in the 
latency and the size of the ventricles.

However, the N19 wave latency did not dis-
criminate significantly between the control chil-
dren and children with ventricular dilatation, 
most probably because N19 depends on the sub-
ject’s height (12,13). Therefore, the N19-N13 
interval was used for further analysis, and the re-
sults showed that the central conduction time 
was significantly longer in the group with high-
er frontal and occipital horn ratios. An abnormal 
interpeak latency between N13 and N19 waves 
suggests a conduction defect in the large-fiber 
sensory system above the lower medulla (14).

In an animal study, the auditory evoked re-
sponse and somatosensory evoked response were 
recorded in 16 cats as a baseline, after which hy-
drocephalus was provoked (animals received a 
solution of kaolin) and the change in evoked po-
tentials assessed (15). However, the measure-
ments did not show any significant differences 
in the latencies. The study revealed a reduction 
in the amplitude of the negative wave rather 
than an increase in the latency following an arti-
ficially induced increase in the intracranial pres-
sure. Pathophysiology of hydrocephalus induced 
by kaolin was discussed in another study also on 
cats (16).

The effect of hydrocephalus on SEPs was also 
estimated in newborns (5). In contrast to the 
previously described animal model, an increase 
in the latency was found in infants studied longi-
tudinally during a period of progressive ventric-
ular dilatation. Also a correlation was found be-
tween cerebrospinal fluid pressure and the delay 
in SEP latency.

In our study, older children with closed fon-
tanels were studied. Intracranial pressure was not 

measured, but a correlation was found between 
the ventricular size and the N19-N13 latency. 
However, this correlation was not as high as we 
expected. In all 12 children with clinically and ra-
diologically diagnosed hydrocephalus, ventricu-
loperitoneal shunt was inserted. During the sur-
gery, increased pressure of the cerebrospinal fluid 
was found, but it was not precisely measured in 
all cases. A recent study has shown that intracra-
nial pressure and ventricular size are not well cor-
related (17).

The SEP testing as a diagnostic method for 
ventricular dilatation is probably not very use-
ful because of a considerable overlap between the 
results of control children and children with en-
larged ventricles. Although the recorded values 
of the N19-N13 interwave latencies were signif-
icantly different in the two groups, the SEP re-
sults were not clinically very helpful in discerning 
whether a child belonged to the control group or 
group of children with enlarged ventricles.

Children with hydrocephalus also have a 
complex neuropsychological profile (6). The 
most notable neuropsychological deficits in these 
children are related to motor, visuoperceptual, 
and visuomotor functions. Common causes of 
deficits are corpus callosum abnormalities that 
result from stretching of the callosal fibers and 
other white matter tracts important for motor 
and sensory functions (18). In one study, chil-
dren with hydrocephalus had a smaller callosal 
size relative to control children, and the smaller 
size correlated with more severe fine motor def-
icits (19). Visuoperceptual deficits are primarily 
due to enlarged ventricles that cause compression 
of parietal cortical areas (20). The combination 
of motor and visuoperceptual deficits makes the 
execution of visuomotor skills difficult for chil-
dren with hydrocephalus.

In conclusion, our results showed that ventric-
ular dilatation (as a consequence of hydrocepha-
lus) is associated with prolonged conduction of 
the central part of the somatosensory pathway in 
children. However, this finding should be con-
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firmed in a larger study sample and also in relation 
to intracranial pressure. Although ventricular size 
is not very well correlated with cerebrospinal flu-
id pressure, a weak and statistically significant cor-
relation was found between ventricular dilatation 
and SEP central conduction time. The raised ce-
rebrospinal fluid pressure probably causes com-
pression of the transmission fibers, which may re-
sult in their atrophy (21). Stretching of different 
white matter tracts is also the result of ventricular 
enlargement. Early detection and treatment of hy-
drocephalus could be important in the prevention 
of long-term consequences of high intraventricu-
lar pressure. Since CT scan could not predict in-
creased intracranial pressure and functional dam-
age of the brain, SEP could be useful in detecting 
functional impairments caused by hydrocepha-
lus. However, the value of SEP in routine clinical 
practice as a noninvasive method for assessing the 
need for treatment of hydrocephalus is question-
able because of considerable overlap between the 
results of children with and those without ventric-
ular dilatation.
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