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Abstract .  The authors present the results of  a prospective 
study of  20 children with congenital or acquired hydro- 
cephalus of  nontumoral  etiology and submitted to ven- 
triculo- (or cyst-) peri toneal shunting with valve. The 
diagnosis was established by B-mode or real-time brain 
sonography, in association with another  neuroradiological 
procedure (computed tomography,  ventriculography with 
air or Dimer-X, cerebral angiography). Among  the 
proposed measurements  (cortical thickness, lateral ven- 
tricle height, I II  ventricle width and ventricular ratio) 
for pre- and postoperative comparison, the cortical thick- 
ness and the lateral ventricle height were the ones that 
changed significantly when analyzed by sonography. The 
routine use of  brain sonography allowed the visualization 
of  the ventricular catheter position and the diagnosis of  
complications, such as subdural collection, progressive 
enlargement of  cysts, isolated IV ventricle, etc, even 
before symptoms arise. The authors conclude that sonog- 
raphy is easily performed,  inexpensive and innocuous, and 
should be used routinely during the follow-up of  children 
with hydrocephalus. 
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hydrocephalus. 

The ventriculoperitoneal shunt has become the favored 
method for the surgical t reatment  of  infantile hydro- 
cephalus [12, 15]. Although the surgical technique is well 
known, the complications related to surgery, either me- 
chanical or infectious, increase the morbidi ty  of  the proce- 
dure; frequently, an average of  three or more surgical 
procedures per  patient  are required [12, 15, 19]. For this 
reason, all children submitted to this type of surgery 
should be followed regularly by  trained personnel, estab- 
lishing a real "shunt  service" within each neurosurgical 
service [ 17]. 

Diagnosis of  the complications related to the shunt 
implants has routinely been made  by computed  tomog- 
raphy (CT) [6, 11, 15]. Few publications have referred 
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specifically to the role of  brain sonography in the diagno- 
sis and postoperative follow-up of  hydrocephalus [3, 14, 
221. 

The present study was undertaken to assess the use of  
sonography as a diagnostic procedure,  in view of  its 
general availability, its harmlessness, and the recent 
interest in cerebral pathology with this technique. 

Mater ia l s  and m e t h o d s  

The sonographic examinations were performed in B-mode with a 
sonodiagnostic B-52 Unit (Philips), or in real-time with a MK-500 
Unit (ATL-Advanced Technology Laboratories, Bellevue, Wash.). 
No sedation was required and the technique consisted of applying 
the 3 or 5 MHz transducer on the anterior fontanelle (coronal, 
sagittal or oblique planes) or on the temporal region (axial plane). 
After complete visualization of the ventricular system, measures 
were obtained in coronal section at the level of the foramen of Monro 
III of cortical thickness and third ventricle width (Fig. 1 B, D). 
The ventricular ratio was obtained as the ratio between the lateral 
ventricle width and the cerebral hemisphere width in the medial 
coronal position. The lateral ventricle height was then obtained 
(the major distance between the anterior border of the foramen of 
Monro and the frontal ventricle wall) in the sagittal position 
(Fig. 1A). In the axial plane, the ventricular ratio (ratio between 
the lateral ventricular width and the cerebral hemisphere width) 
was obtained (Fig. 1 C, D). 

Between March 1982 and November 1983, we studied 20 con- 
secutive patients admitted for treatment at the Hospital das 
Clinicas da Faculdade de Medicina de Ribeir~o Preto, University 
of S~o Paulo. Fifteen were male and 5 female; their ages varied 
from 1-10months, and they all had hydrocephalus of non- 
tumoral etiology (Arnold-Chiari, myelodisplasia, 7 patients; 
dieneephalic cyst, 1; Dandy-Walker, 1; postmeningitis, 2; aque- 
ductal stenosis, 1; idiopathic, 7; neonatal hemorrhage, 1). The 
diagnosis was established by brain sonography together with one 
or more of the following investigations: computed tomography, 
ventriculography with air or Dimer-X, and cerebral angiography. 
All patients were submitted to ventriculoperitoneal shunting. The 
patient with a diencephalic cyst was initially submitted to a 
ventriculoperitoneal shunting, and later a catheter with a "Y" 
connector was inserted, joining the cyst with the shunting system. 
The patient with a Dandy-Walker cyst was submitted to cyst- 
peritoneal shunting. All patients were regularly followed with 
multiple sonographic examinations (78 in 20 patients) for a period 
up to 12 months after the initial surgery. Seven patients developed 
complications (mechanical complications, 5; infections, 3; sub- 
dural effusion, 1; skin necrosis over the valve, 4; cyst-peritoneal 
shunt revision, 1; death, 1). These complications required 34 
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Fig. 1A-D. Measurements used in ultrasonographic follow-up of hydrocephalus. In the sagittal plane (A), the height of the lateral 
ventricle (L). In the coronal plane (B) at the level of the foramen of Monro, the cortical mantle thickness (C) the hemisphere width (H), 
the lateral ventricle height (L) and the III ventricle width (V3). In the axial plane (C), the lateral ventricle width (V) and the cerebral 
hemisphere width (H). The lateral ventricle ratio (D) can be obtained either in the axial plane (V/H) or in coronal plane (H-C/H) 

Fig. 2A-C. B-mode brain sonography, transfontanelle, in coronal (A, B) and sagittal (C) planes in the pre- (A) and postoperative (B, C) 
phases. Lateral ventricles (1); III ventricle (2); sePtum (3); ventricular catheter (4); IV ventricle (5) 

surgical procedures in 20 patients (1.7 procedures per patient) and 
Occurred within the first 2 months after the initial surgery in 93% 
of the procedures. 

Results 

Diagnosis of hydrocephalus 

The progressive ventricular dilatation can be seen easily 
by ultrasonography: the rounding of  the angles (Fig. 2A), 
and the distention of  the ventricles can be quickly detected. 
When these changes are gross, the basal ganglia appear  to 
"fluctuate" in the cerebrospinal fluid, sometimes making 
the differential diagnosis with h y d r a n e n c e p h a l y  very 

difficult (Fig. 3A, C). The ventricular septum can be 
fenestrated or absent and the massa intermedia stretched 
(Figs. 2A, 4A). The I I I  ventricle enlargement  is l imited 
by basa l  structures of  gray mat ter  and dilatation is vari- 
able (Figs. 2 A, 3 A, C, 4 A). The IV ventricle is not always 
well visualized (Figs. 2 C, 4 C). The presence of  a Dandy-  
Walker cyst can be well studied by ul t rasonography 
(Fig. 6), as can diencephalic cysts (Fig. 5) and intraven- 
tricular hemorrhages (Fig. 4). 

Correlation with other investigations 

Eight patients underwent ventriculography with air or 
Direct-X, and in four of  them the ventricular ratio was 
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Fig. 3A-D. B-mode brain sonography transfontanelle in coronal plane (A, B, D) in a patient with maximum hydrocephalus (brain 
coronal section in C). Basal ganglia (1); subdural collection (2) 

Fig. 4A-D. Real-time brain sonography transfontanelle in coronal plane pre- (A) and postoperative (D) and sagittal plane (C). Computed 
tomogram of the same patient shown in (B). Premature patient with hydrocephalus caused by ventricular hemorrhage. Lateral ven- 
tricle (1); third ventricle (2); fourth ventricle (3); cisterna magna (4); ventricular catheter (5); ventricular hemorrhage (6) 

Fig. 5A-C. Computed tomogram (A). B-mode brain sonography transfontanelle in coronal plane in a hydrocephalic patient with a 
diencephalic cyst after ventriculoperitoneal shunt showing enlargement of diencephafie cyst (B). Same patient with reduction of the 
dieneephafic cyst after "Y" cyst peritoneal shunting (C). Lateral ventricle (1); diencephalic cyst (2); ventricular catheter (3); intracyst 
catheter (4) 

measured and compared with those obtained by sonog- 
raphy: good correlation between the methods (r=0.71) 
was demonstrated by Pearson's correlation coefficient. 

CT was performed in 8 patients and both CT and 
sonography revealed similar images (Figs. 4-6). In seven 
patients the correlation between the ventricular ratio ob- 
tained by these exams was excellent (r=0.99, Pearson's 
correlation coefficient). 

Only one patient underwent cerebral angiography to 
differentiate between gross hydrocephalus and hydran- 
encephaly. 

Measurements before and after shun ting 

Cortical thickness. The measurements obtained during the 
pre- and postoperative period in 12 patients with uncom- 
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Fig. 6A, B. Real-time brain sonography, transfontanelle in sagittal plane (A) and computed tomography (B) in a patient with a Dandy- 
Walkel? cyst. Third ventricle (1); Dandy-Walker cyst (2) 

plicated clinical course were submitted to the Wilcoxon 
test. This analysis showed that the increase of the cortical 
thickness was significant when studied by sonography 
(significance level of 5%). 

Lateral ventricle height. The lateral ventricle height mea- 
sured in coronal or sagittal plane was obtained in 12 
patients with an uncomplicated clinical course, and those 
values were submitted to the Wilcoxon test for the last 
measurement before and after the operation. This analysis 
showed that the reduction of height was significant (sig- 
nificance level of 5 %). 

Third ventricle width and ventricular ratio. The comparison 
of the data obtained during the pre- and postoperative 
period of 12 patients with uncomplicated hydrocephalus 
showed no significant difference either in the III ven- 
tricle width or in the ventricular index (Wilcoxon's test, 
significance level of 5%). 

Ventricular catheter position. The strong echos from the 
ventricular catheter allow it to be followed by sonography 
from its passage through the skull to its tip in the lateral 
ventricle, III ventricle, cysts, or in the brain parenchyma 
(Figs. 2 B, C, 4 D, 5 B, C). One patient was submitted to a 
double shunting (ventricular and diencephalic cyst), and 
both catheters could be seen (Fig. 5 B, C). 

Other data. Brain sonography also allows the diagnosis of 
several complications related to the shunting procedures 
including simple ventricular asymmetries, isolated IV 
ventricle, subdural collections, and expanding cysts (Figs. 
3B, D, 5B, C). 

Discussion 

Although the use of CT makes it possible to treat hydro- 
cephalus without any other investigation [16], repeated 
examination may expose the incompletely developed 
brain to excessive radiation [20]. 

According to Post and Page [18], CT examination 
during the postoperative period will give the following 
information: 

1. Ventricular catheter position 

2. Ventricular size determination 

3. Diagnosis of septations and multiloculation of the ven- 
tricles 

4. Shunt-related complications, such as subdural, intra- 
parenchymal and/or intraventricular hematomas, ven- 
triculitis, and localized encephalomalacia 

5. Other causes for the rise of intracranial pressure not 
related to shunting complications (expanding sub- 
arachnoid cysts, tumors, or inflammatory lesions) 

Among these items, the only one for which CT is by far 
superior to brain sonography is in the diagnosis of tumors 
responsible for hydrocephalus. In all the others, both 
sonography and CT are comparable [3, 10, 20-22].  
Sonography and ventriculography also give comparable 
images [8]. 

Among the proposed measurements obtained by 
sonography the lateral ventricle height and the cortical 
mantle thickness revealed data that altered significantly 
during the lore- and postoperative period. A larger number 
of cases will be necessary to allow definite conclusions. 
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However, the utilization o f  those measurements will 
.prevent the use of  imprecise terms to evaluate ventricular 
dilation such as "moderate," "small," and "large," which 
are commonly used with CT [1, 11]. These measurements 
can also help in the diagnosis of  shunting malfunction or 
in studies related to cognitive functions and cortical 
mantle thickness whose importance has already been 
demonstrated by others [4, 13]. 

Ventricular measurements of  mainly the lateral ven- 
tricles are routinely used for the diagnosis of  both 
prenatal [2] and postnatal hydrocephalus [7, 9]. Smith 
et al. [22] studied 26 hydrocephalic patients during the 
pre- and postoperative period and came to the conclu- 
sion that 74% of  the reduction o f  the ventricular size 
occurs during the first 6 days after surgery. However, it is 
not necessary for the ventricles to reach normal size for a 
satisfactory result [11]. Epstein [5] observed a certain 
degree o f  ventricular dilatation in patients with arrested 
hydrocephalus. Nevertheless, progressive ventricular 
enlargement certainly indicates shunting malfunction 

[lll.  
The diagnosis of  some complications in the treatment 

of  hydrocephalus, such as subdural effusion, ventricular 
and parenchymal cysts and loculations, and isolated 
IV ventricle, can be obtained easily with the routine use 
of  brain sonography even before serious symptoms of  
decompensation arise. F o r  this reason, other authors also 
recommend the use o f  sonography in the follow-up 
hydrocephalus, even without ventricular measurements 
[3, 14]. 

The use o f  sonography in neurosurgery provides a 
unique opportunity: it makes it possible to follow the 
evaluation o f  a pathological process, with a simple 
procedure that is harmless, easy to interpret and of  low 
cost, and which can be repeated whenever necessary. 
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