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ABSTRACT

AIM: To determine whether callosal angle (CA) measurement, a diagnostic and prognostic tool used for normal-pressure 
hydrocephalus in adults, is a reliable radiological parameter for evaluating endoscopic third ventriculostomy (ETV) outcomes in 
pediatric patients.   
MATERIAL and METHODS: Forty-seven pediatric patients with hydrocephalus who underwent successful ETV in our clinic 
between 2011 and 2015 were included in this study. Preoperative and postoperative three-month CA, lateral ventricle frontal horn 
(LVFH) width, Evans’ index (EI), and frontal-occipital horn ratio (FOR) parameters were recorded, with changes analyzed using a 
paired-samples t-test.
RESULTS: There were 29 male and 18 female patients included within the cohort. For mean preoperative values, LVFH width was 
58.8 ± 14.9 mm, EI was 0.43 ± 0.09, FOR was 0.51 ± 0.74, and CA was 78.5° ± 36.4°. Separately, for mean postoperative values, 
LVFH width was 54 ± 14.2 mm, EI was 0.39 ± 0.09, FOR was 0.47 ± 0.07, and CA was 104.5° ± 32.6°. The CA was increased and the 
LVFH width, EI, and FOR were decreased in all patients within three months after surgery. The postoperative three-month change in 
CA was higher than those observed in the other parameters.
CONCLUSION: Changes in CA after successful ETV were dramatically higher than those in the other ventricular parameters. For 
this reason, we suggest CA be used as a radiological criterion during early radiological follow-up of patients after ETV.
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after the ETV procedure (18). These patients may be followed 
up with using serial head circumference measurements but, 
again, the head size may not change dramatically within the 
months following surgery (18). Ophthalmological examination 
can yield an idea about intracranial pressure but it is not ideal 
to pursue an evaluation of the optic disc in babies with open 
fontanelles (23). Magnetic resonance imaging (MRI) is still one 
of the most reliable tools for evaluating the procedural suc-
cess of ETV (8,10,22). One may expect diminished ventricular 
volume and resolution of periventricular edema just after the 
ETV procedure such as is seen in the context of VP shunting. 
However, those changes in ventricular size may take several 
months to progress after ETV (33). There are also several MRI 
sequences available to show the patency of ETV stoma but 

█   INTRODUCTION

Endoscopic third ventriculostomy (ETV) is an effective 
treatment method for pediatric noncommunicating 
hydrocephalus with low complication rates in com-

parison with ventriculoperitoneal (VP) shunting (4,21,25,35). 
Although ETV was first reported to be indicated in patients 
with aqueductal stenosis, it is now used for more diverse 
indications with different success rates depending upon 
the underlying pathology and the age of the patient (19,20). 
Nevertheless, the follow-up of patients after ETV in terms of 
surgical success is challenging and controversial, especially in 
the pediatric setting (7) because young children typically can-
not tell if their previous symptoms have been resolved or not 
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the observation of such does not always mean that the ETV 
procedure was successful (10,26), given that some of these 
patients may have far distal obstruction and/or cerebrospinal 
fluid (CSF) absorption problems (28,36). For this reason, there 
is still no consensus regarding the radiologic criteria that must 
be followed to establish the effectiveness of the ETV proce-
dure after surgery (1,8,26). Given all of these limitations in the 
early postoperative radiological follow-up of those patients, a 
search for other possible radiological criteria to detect early 
radiological response after ETV is necessary.

Studies have been conducted previously that popularized 
callosal angle (CA) measurement in elderly patients with nor-
mal-pressure hydrocephalus (NPH) as a diagnostic and prog-
nostic tool (12,17,32). However, to our knowledge, no inves-
tigation on the collection of CA measurements in pediatric 
patients with obstructive hydrocephalus has been performed. 

The aim of this study was therefore to evaluate the 
effectiveness of the preoperative and postoperative three-
month CA changes in determining the functionality of ETV 
among patients with noncommunicating hydrocephalus. We 
also sought to compare the number of postoperative changes 
in CA with the number of postoperative changes in lateral 
ventricle frontal horn width (LVFHw), Evans’ index (EI), and 
frontal-occipital horn ratio (FOR).

█   MATERIAL and METHODS
This study was approved by the ethical committee of the 
Acibadem University School of Medicine. Informed consents 
were obtained from legal guardians of each patient.

Forty-seven children aged younger than 18 years who had 
undergone ETV for noncommunicating hydrocephalus in 
our institution between 2011 and 2015 were enrolled in this 
retrospective study. Patients with failed ETV and who required 
reoperation for hydrocephalus (either re-ETV or VP shunting) 
during the follow-up period as well as those who did not have 
preoperative and/or postoperative three-month MRI scans 
were excluded from this study. Ultimately, the mean follow-up 
period of the study cohort was 5.5 ± 1.2 years (range: 3.3–7.8 
years).

ETV procedures were performed through a right frontal burr 
hole located at the midpupillary line just in front of the coronal 
suture, using a rigid endoscope (Lotta system; Karl Storz SE 
& Co. KG, Tuttlingen, Germany). The floor of the third ventricle 
was perforated by the tip of a bipolar electrode (28762 KB; Karl 
Storz SE & Co. KG, Tuttlingen, Germany) without coagulation 
on and the stoma was dilated by inflatable double-balloon 
catheter (Integra Neurosciences, Sophia Antipolis, France) 
in all ETV procedures. Our routine follow-up policy for ETV 
patients is to obtain the first postoperative MRI scan at 
three months after surgery, obtain a second MRI scan at 12 
months after surgery, and then conduct additional MRI scans 
every year thereafter. All preoperative scans evaluated in 
this study were taken within one month before ETV, while all 
postoperative scans evaluated in the study were taken within 
three months after ETV. Measurements of and calculations for 
LVFHw, EI, FOR, and CA were performed by two radiologists 

blinded to the patients’ clinical data. Here, the LVFH was 
noted by measuring the maximal width of the lateral ventricle 
frontal horns; the EI was calculated by dividing the maximum 
width of the lateral ventricle frontal horns by the maximal 
inner diameter of the skull at the same slice (9); the FOR 
was determined as the average of the frontal and occipital 
horn widths divided by the interparietal distance at the same 
slice (27); and the CA was measured at the level of posterior 
commissure on the coronal plane, which was perpendicular 
to the anteroposterior commissure line (Figure 1A, B). All 
calculations for each parameter are reported as average 
values of the measurements performed by both radiologists.

Intraclass correlation coefficient (ICC) calculations were 
performed to evaluate the interobserver reliability for LVFHw, 
EI, FOR, and CA. Preoperative and postoperative changes 
in LVFHw, EI, FOR, and CA means were analyzed by paired-
samples t-test. Tests of significance were two-tailed and a 
p-value of 0.05 or less was regarded as statistically significant. 
All statistical analyses were performed using the Statistical 
Package for the Social Sciences version 20.0 software 
program (IBM Corp., Armonk, NY, USA). 

█   RESULTS
There were 29 (61.7%) male and 18 (38.3%) female patients 
in the study cohort. The mean age of the included patients 
was 68 ± 70 months (range: 1–213 months). All patients 
had noncommunicating hydrocephalus. The etiology of 
hydrocephalus was congenital aqueductal stenosis in 36 
(76.6%) patients, tectal plate glioma in six (12.8%) patients, 
suprasellar arachnoid cyst in two (4.3%) patients, Blake’ 
s pouch cyst in two (4.3%) patients, and intraventricular 
hemorrhage in one (2%) patient (Table I). 

The interobserver reliability values for LVFHw, EI, FOR, and CA 
were 0.935, 0.927, 0.953, and 0.977, respectively. Regarding 
the mean values collected preoperatively, LVFHw was 58.8 ± 
14.9 mm, EI was 0.43 ± 0.09, FOR was 0.51 ± 0.74, and CA 
was 78.5 ± 36.4o. In contrast, considering the mean values 
observed postoperatively, LVFHw was 54 ± 14.2 mm, EI was 
0.39 ± 0.09, FOR was 0.47 ± 0.07, and CA was 104.5 ± 32.6°. 
Of note, the postoperative LVFHw, EI, and FOR values were 
statistically lower than the corresponding preoperative values, 
whereas the postoperative CA value was statistically larger 
than the corresponding preoperative value. More specifically, 
there was a postoperative mean decrease of 4.8 ± 9.2 mm 
(8.31%) in LVFHw, 0.042 ± 0.065 (9.65%) in EI, and 0.044 ± 
0.037 (8.65%) in FOR, whereas a postoperative mean increase 
of 26.02o ± 20.98o (49.28%) in CA was observed (Figure 2A, B 
and Table II).

█   DISCUSSION
ETV has been accepted as a safe and effective treatment 
method for pediatric hydrocephalus with a greater than 70% 
success rate, especially in patients with noncommunicating 
hydrocephalus (3,13,15,16,21,34). Assessing the success of 
ETV remains a real challenge in pediatric patients because it 
mainly relies on patient symptoms, neurological examination 
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Figure 2: 
A) Preoperative CA 
measurement (33°) 
of a patient with 
noncommunicating 
hydrocephalus. 
B) Pericallosal angle 
measurement (94°) of 
the same patient at 
three months after ETV, 
showing a dramatic 
increase.

Figure 1: 
A) LVFHw = A, EI = 
A/B, FOR = (A+C)/2B. 
B) The asterisk 
designates the CA 
measured at the 
level of the posterior 
commissure (arrow).

Table I: Patient Characteristics

Characteristic Value

Age (months) 68 ± 70

Sex 29 (61.7%) M
18 (38.3%) F

Total 47 (100%)

Etiology n(%)

Aqueductal stenosis 36 (76.6%)

Tectal plate glioma 6 (12.8%)

Suprasellar arachnoid cyst 2 (4.3%)

Blake’s pouch cyst 2 (4.3%)

IVH 1 (2%)

Total 47 (100%)
IVH: Intraventricular hemorrhage.

findings, and postoperative MRI scans (7,18). Early postop-
erative MRI changes such as subarachnoid space widening, 
resolution of periventricular edema, and ventricular size 
reduction in patients with ETV are not as apparent as those in 
patients who underwent VP shunting (6). 

It is supposed that there is a slow increase in CSF absorption 
through arachnoid granulations after ETV; as a result, the 
change in ventricular size would be very minor within the first 
three to six months after surgery (11,24,33). Although there 
are sophisticated motion-sensitive MRI sequences such as 
spin-echo, turbo spin-echo, steady-state free precession, 
three-dimensional constructive interference in the steady 
state, reverse fast imaging with steady-state precession, 
spatial modulation of magnetization, and cine phase-
contrast for the evaluation of ETV stoma, the identification of 
a functional ETV stoma does not always mean that the ETV 
procedure successfully treated the hydrocephalus (8). On the 
other hand, MRI procedures that include these sequences 
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been no report published concerning early CA changes in the 
pediatric population after successful ETV. In our study, there 
was an 8.3% mean decrease in LVFHw, 9.65% mean decrease 
in EI, and 8.65% mean decrease in FOR, whereas a 49.2% 
mean increase in CA within three months after successful ETV 
was reported. The changes in LVFHw, EI, or FOR appear to 
be smaller in our patient cohort in comparison with in other 
studies (24,25,27,30,31,33). This may be because we only 
included postoperative three-month control MRI scans and, 
during this short period of time, the degree of ventricular size 
reduction is expected to be limited (11,24,33). Supporting this, 
previous studies included MRI scans obtained during longer 
postoperative periods in which higher reductions in ventricular 
volume may occur. 

In the current study, the most dramatic postoperative change 
was observed in CA. For this reason, we proposed CA 
measurement to be a predictor of functional ETV procedure 
during early radiological follow-up of pediatric patients who 
showed persistent big ventricles with no clinical signs or 
symptoms of hydrocephalus after ETV. Since the difference 
between before and after surgery was dramatically high for 
CA in comparison with for LVFHw, EI, and FOR, CA may be 
a convenient tool for deployment especially in patients who 
experience millimetric changes that cannot be documented 
or which could be easily missed by other ventricular 
parameters during routine daily outpatient clinic practice. CA 
measurement is also a more rapid tool to use in comparison 
with the assessment of ETV success using sophisticated and 
time-consuming MRI sequences since it can be measured 
on coronal- and sagittal-section T2-weighted MRI scans 
able to be obtained within just three minutes. Since many 
pediatric patients need anesthesia prior to extensive MRI, 
CA measurement from MRI sequences performed within a 
few minutes could decrease the need for anesthesia (29). For 
this reason, CA measurement may also be used in emergent 
situations for the evaluation of ETV success when the patient 
requires an emergent treatment decision and is not a good 
candidate for anesthesia.

may last at least 40 minutes and these sequences may not be 
available in all institutions (7). For this reason, neurosurgeons 
and radiologists need access to more practical and objective 
criteria during the early radiological follow-up of patients with 
ETV. 

First radiological measurements of ventricles were performed 
on air encephalograms and EI was defined as the frontal horn 
width divided by the interparietal diameter in 1942 (33). EI is a 
widely used index but boasts limitations, especially in patients 
with larger occipital horns, and it has been suggested to be a 
poor measure of ventricular size (27). Ventricular brain ratio is 
another index shown to be the best nonvolumetric estimate 
of ventricular volume available at this time (27,37). However, 
its calculation is time-consuming and not practical to conduct 
in daily outpatient clinic practice. O’Hayon et al. defined the 
FOR as the best correlate of ventricular brain ratio (27). It is 
a practical measurement for determining ventricular volume 
but existing knowledge in the literature about its utility during 
the early postoperative follow-up evaluation of patients with 
ETV is limited. Kulkarni et al. reported that mean FOR levels 
decrease in both successful and failed ETV patient groups 
and only 48% of patients with successful ETV procedure 
showed greater than a 15% reduction in FOR (24). For this 
reason, such may not be a functional parameter to be used 
in the early postoperative evaluation of ETV patients. LVFHw 
is one of the most frequently applied parameters to evaluate 
the size of lateral ventricles (5,14). Schwartz et al. reported a 
23% reduction in LVFHw following successful ETV. However, 
this study cohort was composed of both pediatric and adult 
populations and postoperative MRI schedules were highly 
variable (31). 

CA was first defined by Benson et al. as a diagnostic parameter 
for NPH on air encephalograms (2). Ishii et al. performed the 
inaugural measurements of CA on MRI scans of patients 
with NPH, those Alzheimer’s disease, and normal healthy 
individuals. They reported that a CA of less than 90° is highly 
suggestive of NPH. They also concluded that smaller CAs 
represent a predictor of better outcomes after VP shunting in 
NPH patients (17). To the best of our knowledge, there has 

Table II: Pre-Operative and Post-Operative Measurements of CA, EI, FOR and LVFH

Pre-operative Post-operative Post vs pre-operative 
difference %(95%CI)

Post vs pre-operative 
difference % (95%CI) p

LVFHw 58.8 ± 14.9 mm 54 ±14.2 mm -4.8 ± 9.2 mm 
(-0.75, -0.21) -8.31% (-11.7,- 4.83) 0.001

EI 0.43 ± 0.09 0.39 ± 0.09 -0.042 ± 0.065 
(-0.061, -0.023) -9.65% (-13.19,-6.11) <0.0001

FOR 0.51 ± 0.07 0.47 ± 0.07 -0.044 ± 0.037 
(-0.055, -0.033) -8.65% (-10.65,-6.66) <0.0001

CA 78.5 ± 36.4 104.53 ± 32.6 +26.02 ± 20.98 
(19.85, 32.18) +49.28% (33.33-65.24) <0.0001

CA: Callosal angle, EI: Evans’ index, FOR: Frontal-occipital horn ratio, LVFHw: Lateral ventricular frontal horn width. Minus 
designates post-operative decrease, whereas + designates post-operative increase.
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█   CONCLUSION
ETV is an effective treatment modality in pediatric hydroceph-
alus. Since postoperative ventricular size changes are slow in 
comparison to those in the VP shunt procedure, it is not easy 
to determine the functionality of ETV in the early postopera-
tive period. In this study, we concluded that changes in CA 
after successful ETV are dramatically higher than those in oth-
er ventricular parameters (i.e., LVFHw, EI, and FOR). For this 
reason, CA can be used to gather information about the func-
tionality of ETV in asymptomatic pediatric patients with large 
ventricles during the early postoperative follow-up period.
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