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objeCtive Despite significant advances in the medical field and shunt technology, shunt malfunction remains a night-
mare of pediatric neurosurgeons. In this setting, the ability to preoperatively predict the probability of shunt malfunction 
is quite compelling. The authors have compared the preoperative radiological findings in obstructive hydrocephalus and 
the subsequent clinical course of the patient to determine any association with overall shunt outcome.
MethoDs This retrospective study included all pediatric patients (age < 18 years) who had undergone ventriculoperi-
toneal shunt insertion for obstructive hydrocephalus. Linear measurements were taken from pre- and postoperative CT 
or MRI studies to calculate different indices and ratios including Evans’ index, frontal horn index (FHI), occipital horn 
index (OHI), frontooccipital horn ratio (FOHR), and frontooccipital horn index ratio (FOIR). Other morphological features 
such as bi- or triventriculomegaly, right-left ventricular symmetry, and periventricular lucency (PVL) were also noted. The 
primary clinical outcomes that were reviewed included the need for shunt revision, time interval to first shunt revision, 
frequency of shunt revisions, and revision-free survival.
resUlts A total of 121 patients were eligible for the analysis. Nearly half of the patients (47.9%) required shunt revi-
sion. The presence of PVL was associated with lower revision rates than those in others (39.4% vs 58.2%, p = 0.03). 
None of the preoperative radiological indices or ratios showed any correlation with shunt revision. Nearly half of the pa-
tients with shunt revision required early revision (< 90 days of primary surgery). The reduction in the FOHR was high in 
patients who required early shunt revision (20.16% in patients with early shunt revision vs 6.4% in patients with late shunt 
revision, p = 0.009). Nearly half of the patients (48.3%) requiring shunt revision ultimately needed more than one revi-
sion procedure. Greater occipital horn dilation on preoperative images was associated with a lower frequency of shunt 
revision, as dictated by a high OHI and a low FOIR in patients with a single shunt revision as compared with those in 
patients who required multiple shunt revisions (p = 0.029 and 0.009, respectively). The mean follow-up was 49.9 months. 
Age was a significant factor affecting shunt revision–free survival. Patients younger than 6 months of age had significant-
ly less revision-free survival than the patients older than 6 months (median survival of 10.1 vs 94.1 months, p = 0.004).
CoNClUsioNs Preoperative radiological linear indices and ratios do not predict the likelihood of subsequent shunt 
malfunction. However, patients who required early shunt revision tended to have greater reductions in ventricular vol-
umes on postoperative images. Therefore a greater reduction in ventricular volume is not actually desirable, and a ven-
tricular volume high enough to reduce intracranial pressure is instead to be aimed at for long-term shunt compliance.
http://thejns.org/doi/abs/10.3171/2016.8.FOCUS16263
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Obstructive hydrocephalus is one of the most com-
mon diagnoses encountered in pediatric clinical 
practice. Mechanical shunting by placement of a 

ventriculoperitoneal (VP) shunt has traditionally been the 
treatment of choice in these patients. Recently, endoscopic 

procedures such as third ventriculostomy with or with-
out choroid plexus cauterization have been considered as 
the first-line treatment or, at times, the first shunt failure. 
However, VP shunt insertion has continued to be the solely 
practiced method in many parts of the world, especially 
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developing countries. Other forms of mechanical shunting 
such as with ventriculopleural, ventriculoatrial, and lum-
boperitoneal shunts are mostly reserved as a measure of 
last resort for difficult or complicated cases. Shunt mal-
function in hydrocephalic pediatric patients has continued 
to be a large social and financial burden to the country with 
an average estimate of nearly 40% of patients requiring 
shunt revision within the first year itself.13,15,16 Despite sig-
nificant advances in the medical field, shunt malfunction 
remains a nightmare of the pediatric neurosurgeon. Even 
programmable shunts, which were presumed to be an ef-
fective solution to shunt malfunction, do not reduce the 
shunt revision rate, as estimated in our previous study.13 
In this setting, the ability to preoperatively predict the 
probability of shunt malfunction is an implicit desire of 
pediatric neurosurgeons. In this study, we compared the 
preoperative radiological findings in obstructive hydro-
cephalus with the subsequent clinical course of the patient 
to determine any associations with overall shunt outcome.

Methods
This retrospective study included all pediatric patients 

with an age < 18 years who had undergone VP shunt sur-
gery for obstructive hydrocephalus at our institute between 
January 2004 and January 2016. Clinical and radiologi-
cal data including follow-up were reviewed from hospital 
records after we had obtained local institutional review 
board approval and complied with Health Insurance Por-
tability and Accountability Act (HIPAA) regulations.

radiological Data Acquisition
Preoperative and postoperative CT or MRI studies 

(MRI was preferred over CT) were reviewed, and mea-
surements were taken using the hospital-based picture ar-
chiving and communication system (PACS). Availability 
of paired preoperative and postoperative images was a sig-
nificant concern, and unavailability led to exclusion from 
analysis. Patients who underwent surgery based on cranial 
ultrasound were excluded from the study. Measurements 
were taken using the “measurement tool” of the PACS 4.0 
software (Centricity Radiology RA1000, GE Healthcare). 
Linear indices were calculated per the formulas given in 
Table 1 and Fig. 1. Other radiological factors were also not-
ed, including bi- or triventriculomegaly, ventricular sym-
metry (right-left symmetry), and the presence or absence 
of periventricular lucency (PVL). Ventricular asymmetry 
was documented when the difference in the diameters of 
both sides of the ventricles was more than 2 mm.5

Clinical Data Acquisition
The primary clinical outcomes that were reviewed in-

cluded the need for shunt revision, time interval to first 
shunt revision after primary surgery, total number of shunt 
revisions, and revision-free survival. The latter was cal-
culated based on the interval between primary surgery 
and the first shunt revision. In patients who did not require 
shunt revision, it was calculated based on the maximum 
available follow-up time. These outcomes were correlated 
with the preoperative radiological parameters and indices.

statistical Methods
Statistical analysis was done using SPSS software (ver-

sion 24.0, IBM Corp). The mean values of the linear indi-

tAble 1. Description of radiological linear indices and ratios

Indices & Ratios Calculation Method Formula*

Evans’ index Maximum frontal horn diameter 
divided by maximum cranial 
diameter in that plane

a/e

Frontal horn 
index (FHI)

Maximum frontal horn diameter 
divided by maximum cranial 
diameter at frontal horn level

a/b

Occipital horn 
index (OHI)

Maximum occipital horn diameter 
divided by maximum cranial 
diameter at occipital horn level

c/d

Frontooccipital 
horn ratio 
(FOHR)

(Maximum frontal horn diameter 
+ maximum occipital horn 
diameter) divided by 2 × the 
biparietal diameter

(a + c)/2e

Frontooccipital 
horn index 
ratio (FOIR)

Frontal horn index divided by 
occipital horn index

(a/b)/(c/d) = ad/
bc

Reduction 
FOHR (%)

Reduction in FOHR on postop 
images as a percentage of 
preop FOHR

[(preop FOHR 
− postop 
FOHR)/preop 
FOHR] × 100

* Refer to Fig. 1.

Fig. 1. Linear measurements in the cranial CT. a = maximal diameter of 
the frontal horn; b = maximal cranial diameter at the level of the frontal 
horn; c = maximal diameter of the occipital horn; d = maximal cranial 
diameter at the level of the occipital horn; e = maximal cranial diameter 
(biparietal diameter).

Unauthenticated | Downloaded 05/23/23 11:00 PM UTC



radiological indices predicting shunt outcome in children

Neurosurg Focus Volume 41 • November 2016 3

ces and ratios were compared with the different outcome 
groups by using an independent sample t-test. A compari-
son of the different groups was done using the chi-square 
test and ANOVA. A multivariate analysis was conducted 
for all outcomes, considering all radiological indices as 
covariates. Shunt revision–free survival was calculated 
and plotted using the Kaplan-Meier method. Mean values 
were expressed with the standard error of the mean. A p 
value < 0.05 was considered statistically significant.

results
A total of 273 patients were treated for pediatric hy-

drocephalus at our institute between January 2004 and 
January 2016. Of this total, 172 patients had obstructive 
hydrocephalus from various etiologies. Forty-seven pa-
tients were excluded because comparative radiological 
studies were unavailable, and 4 patients were excluded for 
inadequate clinical data; thus, 121 patients were included 
in our analysis. Demographics on the patients and their 
outcomes have been listed in Table 2. All patients un-
derwent VP shunt placement as the primary procedure. 
Postoperative CT or MRI studies were available at vari-
ous intervals (median interval 5 days, range 1–60 days, 
approximately 90% of the scans had been obtained within 
1 month). Postoperative indices were calculated, including 
the critical frontooccipital horn ratio (FOHR). Reduction 
of the FOHR was calculated as a percentage of the initial 
FOHR (Table 1).

Factors Affecting shunt revision 
Nearly half of the patients (47.9%) required shunt re-

vision. The presence of PVL on the preoperative images 
was significantly associated with lower revision rates in 
the univariate analysis (39.4% vs 58.2% in the presence 
or absence of PVL, respectively, p = 0.03), though it failed 
to reach a significant level in the multivariate analysis (p 
= 0.11; Table 3). Triventricular and symmetric ventricu-
lar enlargements more commonly led to shunt revision, 
though the difference was not statistically significant (p 
= 0.19 and 0.059, respectively). There was no significant 
difference between shunt revision rates among the dif-
ferent etiologies (p = 0.09). Similarly, the type of shunt 
did not show any influence on shunt revision rates (p = 
0.33). None of the preoperative radiological indices or ra-
tios showed any correlation with subsequent shunt revi-
sion in both univariate and multivariate analyses (Table 4). 
The postoperative reductions of FOHR were found to be 
similar in patients with or without shunt revision (13% vs 
12.1% respectively, p = 0.39).

Factors Affecting the shunt revision interval
The median interval to the first shunt revision from the 

primary surgery was 99.5 days (range 12 days–7.7 years, 
approximately 90% of revisions occurred within 2 years). 
The shunt revision interval was stratified into 2 groups: 
early revision (within 90 days) or late revision (after 90 
days). Nearly half of the patients with shunt revision re-
quired early revision. None of the factors such as etiol-
ogy, bi- or triventricular dilation, ventricular symmetry, 

tAble 2. Characteristics and outcomes of 121 patients with 
obstructive hydrocephalus

Parameter Value

Median age (range) 6 mos (1 wk–17.8 yrs)
Sex
 Male 68 (56.2%)
 Female 53 (43.8%)
Race
 White 54 (44.6%)
 African American 65 (53.7%)
 Other 2 (1.6%)
Diagnosis
 Congenital hydrocephalus (w/ spina bifida  
  or other congenital anomalies)

38 (31.4%)

 Aqueductal stenosis 30 (24.8%)
 Posthemorrhagic 28 (23.1%)
 Tumor 21 (17.4%)
 Postmeningitis 1 (0.8%)
 Posttraumatic 3 (2.5%)
Radiological findings
 Hydrocephalus pattern
  Biventricular 26 (21.5%)
  Triventricular 95 (78.5%)
 PVL
  Present 66 (54.5%)
  Absent 55 (45.4%)
 Ventricular symmetry
  Symmetric dilation 78 (64.5%)
  Asymmetric dilation 43 (35.5%)
Shunt type
 Medium-pressure shunt 65 (53.7%)
 Low-pressure shunt 38 (31.4%)
 Programmable shunt 18 (14.9%)
Shunt revision
 Total no. of revisions 58 (47.9%)
 Frequency of revision
  Once 30 (24.8%)
  Twice 17 (14%)
  More than twice 11 (9.1%)
 Interval from primary surgery
  Early (w/in 3 mos) 28 (48.3%)
  Late (after 3 mos) 30 (51.7%)
FU outcome
 No complaints 103 (85.1%)
 Associated morbidity (headache, blurring  
  of vision, developmental delay, etc.)

15 (12.4%)

 Death 3 (2.5%)

FU = follow-up.
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presence of PVL, or shunt type significantly affected the 
shunt revision interval (Table 3). Interestingly, preopera-
tive FOHR had a significant association with the shunt 
revision interval (mean FOHR 0.58 in patients with early 
shunt revision vs 0.53 in those with late shunt revision, p 
= 0.049; Table 5). However, the parameter with the most 
significant association with the shunt revision interval 
was the reduction in FOHR (20.16% in patients with early 
shunt revision vs 6.4% in patients with late shunt revision, 
p = 0.009). This significant difference held true in the mul-
tivariate analysis too (p = 0.037).

Factors Affecting the Frequency of shunt revision 
Nearly half of the patients (48.3%) requiring shunt revi-

sion ultimately needed more than one revision procedure 
(Table 1). Preoperative OHI and FOIR had significant as-
sociations with shunt revision frequency (p = 0.029 and 
0.009, respectively) in the univariate analysis but not in 
the multivariate analysis (p = 0.38 and 0.095, respectively; 
Table 6). The mean preoperative OHI in those patients re-
quiring a single shunt revision was 0.73, compared with 
0.65 in patients with multiple shunt revisions. In contrast, 
the mean FOIR value was lower (0.74) in patients with 
a single shunt revision as compared with that in patients 
with multiple revisions (0.84). Other factors did not have 
any significant association with shunt revision frequency 
(Table 3).

Factors Affecting shunt revision–Free survival 
The mean follow-up was 49.9 months (range 1–144 

months). Age was a significant factor affecting shunt revi-
sion–free survival (Fig. 2). Patients younger than 6 months 

had significantly less revision-free survival than the pa-
tients who were older than 6 months (median survival 
10.1 vs 94.1 months, p = 0.004). Similarly, other factors 
associated with increased revision-free survival were bi-
ventriculomegaly, asymmetrical ventriculomegaly, and 
the presence of PVL on preoperative images; however, the 
differences were not statistically significant (p = 0.27, 0.11, 
0.15, respectively).

Discussion
Radiological imaging has traditionally been considered 

tAble 3. Factors affecting shunt revision in 58 patients with obstructive hydrocephalus

Factor
Shunt Revision Revision Interval Revision Frequency 

Yes No p Value Early (<3 mos) Late (>3 mos) p Value Single Multiple p Value

Ventricular dilation 0.19 0.41 0.32
 Biventricular 10 16 4 6 4 6
 Triventricular 48 47 24 24 26 22
Ventricular symmetry 0.059 0.44 0.14
 Symmetric 42 36 21 21 24 18
 Asymmetric 16 27 7 9 6 10
PVL 0.03 0.51 0.29
 Present 26 40 13 13 15 11
 Absent 32 23 15 17 15 17
Diagnosis 0.09 0.20 0.38
 Congenital 19 19 6 13 10 9
 Aqueductal stenosis 19 11 11 8 7 12
 Posthemorrhagic 13 15 8 5 8 5
 Tumor 5 16 3 2 3 2
 Other 2 2 0 2 2 0
Shunt type 0.33 0.14 0.68
 Medium pressure 28 37 16 12 15 13
 Low pressure 22 16 7 15 10 12
 Programmable 8 10 5 3 5 3

tAble 4. relation of linear indices and ratios on pre- and 
postoperative images with the need for shunt revision

Linear Indices  
& Ratios

Shunt Revision Univariate 
p Value

Multivariate 
p Value Yes No

Preop
 Evans’ index 0.46 (0.01) 0.44 (0.01) 0.25 0.33
 FHI 0.54 (0.01) 0.54 (0.02) 0.4 0.10
 OHI 0.69 (0.01) 0.66 (0.02) 0.15 0.36
 FOHR 0.56 (0.01) 0.53 (0.01) 0.18 0.97
 FOIR 0.79 (0.02) 0.81 (0.02) 0.25 0.36
Postop
 FOHR 0.48 (0.01) 0.47 (0.01) 0.38 0.21
 FOHR reduc-

tion (%)
13 (2.65) 12.1 (2.23) 0.39 0.22

Values expressed as mean (standard error of the mean), unless indicated 
otherwise.
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the most valuable tool for documenting shunt malfunction. 
The role of CT and/or MRI in this setting is invaluable. A 
dilated ventricle, whether the same or increased as com-
pared with its appearance on baseline imaging, is usually 
suggestive of shunt malfunction; however, the reverse does 
not hold true in all cases. So a nondilated ventricle does not 
rule out shunt malfunction and mandates further evalua-
tion and clinical correlation with features of raised intra-
cranial pressure (ICP). Other radiological features that can 
aid diagnosis include PVL and effacement of sulci. There 
has been increasing concern regarding the frequent use 
of cranial CT to monitor shunt function given the risks of 
high-dose radiation to a developing child. Rapid cranial 
MRI sequences have been developed to reduce the image 
acquisition time, thus avoiding motion artifacts and the 
need for sedation.6 A few studies have compared the ef-
ficacy of these 2 imaging modalities in diagnosing shunt 
malfunction and have shown that both have nearly equal 
specificity (89%–93% in rapid cranial MRI vs 76%–93% 
in CT); however, CT does seem to have better sensitivity 
than MRI (51%–59% in rapid cranial MRI vs 53%–92% 
in CT).1,2,22

Multiple studies have demonstrated good correlation 
between ventricular volume and linear indices on CT 
scans, which include the Evans’ index, FHI, FOHR, and 
the bicaudate index.7,14,17 These studies collectively consid-
ered FOHR as the best method for measuring both abso-
lute and relative ventricular volumes. The normal value of 
the FOHR has been measured as 0.37 (99% CI 0.36–0.38), 
which is independent of age.14 In the present study we also 
measured OHI and FOIR because a substantial number of 
patients had preferential dilation of the occipital horn as 
compared with the frontal horn. Measuring these indices 
on preoperative scans gives an estimate of the preoperative 
ventricular volume and in this study was correlated with 
the overall shunt outcome. However, FOHR correlates best 
with relative ventricular volumes and so was measured on 
the postoperative images as well to estimate the degree of 
ventricular volume reduction.

The morphological pattern of ventricles in the radio-
logical studies at the time of initial evaluation usually does 
not accurately predict the future circumstances of the pa-
tient, especially as related to the need for shunt revision. 
A few studies in the literature have addressed this spe-
cific entity and have come up with specific conclusions. 
Sellin et al.19 observed that patients with hydrocephalus 
initially presenting with ventricular dilation subsequently 
presented with dilated ventricles in cases of shunt mal-
function. Similarly, nondilation at the initial presentation 
made subsequent presentation with dilated ventricles less 
likely in cases of shunt obstruction. These authors also ob-
served, though at a low significance level, that distal shunt 
failures are more often associated with ventricular dilation 
than proximal obstruction. In the present study ventricular 
dilation pattern was further categorized into bi- or triven-
triculomegaly and right-left symmetry. Though not statis-
tically significant, the presence of biventriculomegaly and 
asymmetrical ventriculomegaly were associated with low 
shunt revision rates and increased overall shunt revision–
free survival.

The pattern of ventricular size reduction has been 
shown to be different in patients undergoing ETV rather 
than shunt placement. St. George et al.20 have demonstrat-
ed that ventricular volume decreases steadily up to 3–6 
months after ETV and then stabilizes, whereas it decreases 
even after 6 months post–shunt placement. There has been 
much controversy over whether this change in ventricular 
volume has any correlation with clinical outcome. Multiple 
studies in the literature address this issue; however, most 
are limited to ETV series. Warf et al. compared the neu-
rocognitive outcome in patients undergoing ETV or VP 
shunt placement and the reduction in ventricular volume as 
measured by FOHR and found no correlation between the 
two.21 However, in a more recent study these authors sug-
gested that a combination of brain and CSF volumes has 
a significant effect on overall neurocognitive outcome.10 In 
1998 Buxton et al.4 described the results of ETV in 27 pa-
tients under the age of 1 year. Treatment failure occurred 

tAble 5. relation of linear indices and ratios on pre- and 
postoperative images with the interval of shunt revision

Linear Indices  
& Ratios

Shunt Revision Interval 
(from primary surgery)

Univariate 
p Value

Multivariate 
p Value

Early  
(<3 mos)

Late  
(>3 mos)

Preop
 Evans’ index  0.48 (0.02) 0.44 (0.02) 0.08 0.41
 FHI 0.57 (0.02) 0.52 (0.02) 0.07 0.66
 OHI 0.71 (0.02) 0.67 (0.02) 0.12 0.83
 FOHR 0.58 (0.02) 0.53 (0.02) 0.049 0.38
 FOIR 0.81 (0.03) 0.77 (0.03) 0.20 0.39
Postop
 FOHR 0.46 (0.02) 0.49 (0.02) 0.19 0.23
 FOHR reduc-

tion (%)
20.16 (3.84) 6.4 (3.3) 0.009 0.037

Values expressed as mean (standard error of the mean), unless indicated 
otherwise.

tAble 6. relation of linear indices and ratios on pre- and 
postoperative images with the frequency of shunt revision

Linear Indices  
& Ratios

Shunt Revision 
Frequency Univariate 

p Value
Multivariate 

p ValueSingle Multiple

Preop
 Evans’ index 0.45 (0.02) 0.47 (0.02) 0.22 0.46
 FHI 0.54 (0.02) 0.55 (0.02) 0.39 0.07
 OHI 0.73 (0.02) 0.65 (0.02) 0.029 0.38
 FOHR 0.57 (0.02) 0.54 (0.02) 0.24 0.98
 FOIR 0.74 (0.02) 0.84 (0.03) 0.009 0.095
Postop
 FOHR 0.47 (0.02) 0.48 (0.02) 0.25 0.98
 FOHR reduc-

tion (%)
14.8 (3.9) 11.1 (3.6) 0.5 0.35

Values expressed as mean (standard error of the mean), unless indicated 
otherwise.
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in 21 (78%) of the patients, and the authors found that the 
postoperative ventricular size does not correlate with treat-
ment success or failure. In a similar study in 2000, Kim 
et al.8 found that a reduction in ventricular volume does 
not independently predict clinical outcome. However, in 
a series of 29 patients undergoing ETV, Kulkarni et al.9 
showed a significant difference in the degree of ventricular 
reduction in the patients with clinical success (21 patients, 
mean FOHR reduction by 16%) compared with that in the 
patients with failure (8 patients, mean FOHR reduction by 
7%; p = 0.03%). There was no significant association be-
tween periventricular edema and clinical success or fail-
ure after ETV. However, there was a significant positive 
correlation between clinical success and the presence of 

flow voids on sagittal T2-weighted MR images. After a 
systematic review of all of these studies in 2014, Nikas et 
al.12 suggested that there is insufficient evidence to consider 
the degree of ventricular reduction as a measure of treat-
ment effectiveness after both ETV and shunt placement. 
A similar finding was noted in the present study, with no 
correlation between preoperative radiological indices and 
a requirement for shunt revision; however, the presence 
of PVL, which indirectly suggests an acute hypertensive 
state,11 had a lower revision rate. This suggests that ventric-
ular pressure reduction is probably more important than 
volume reduction to achieve a successful shunt outcome.

The most striking and new finding in the current study 
was related to the shunt revision interval and shunt revi-

Fig. 2. Kaplan-Meier curves showing differences in revision-free survival in different groups based on age (A), presence of PVL 
(b), bi- or triventriculomegaly (C), and ventricular symmetry (D).
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sion frequency. The reduction in the FOHR was interest-
ingly high in patients who required early shunt revision. 
This paradoxical finding is probably related to the fact that 
CSF overdrainage leads to CSF stasis and a greater chance 
of mechanical shunt obstruction.3 Most of the shunts that 
are routinely used are pressure regulated. A compliant ven-
tricular wall causes rapid decompression of the ventricle, 
leading to subsequent flow reduction and shunt hardware 
blockage. However, a less compliant ventricle does not 
rapidly decrease in size after shunt placement, although a 
similar reduction in pressure is achieved. This causes less 
adhesion of the ventricular catheter to the wall and block-
age. Note that at this stage this can only be considered a 
possible hypothesis that needs dynamic studies for further 
validation. Nevertheless, it possibly carries an important 
therapeutic implication in that keeping the pressure setting 
at higher levels when inserting programmable shunts may 
promote better shunt functioning by avoiding collapse of 
the ventricles. This further substantiates the fact that one 
should aim for a ventricular decompression just enough 
to alleviate the raised ICP rather than an appealing reduc-
tion in ventricular size. Another important finding was that 
greater occipital horn dilation is associated with a lower fre-
quency of shunt revision as dictated by a high OHI and low 
FOIR in patients with a single shunt revision as compared 
with those requiring multiple shunt revisions. However, it 
is worth mentioning again that these indices do not predict 
the need for shunt revision itself. In a recent multicenter 
prospective study, Riva-Cambrin et al.18 found that an age 
< 6 months is an independent risk factor for shunt failure 
and an important determinant of shunt survival. Similarly, 
we found that patients younger than 6 months had signifi-
cantly fewer days of revision-free survival than their older 
peers. None of the indices or ventricular characteristics had 
a significant influence on revision-free survival.

This study has limitations inherent to its retrospective 
nature. The exclusion of 47 patients because of the unavail-
ability of comparative radiological images may have had 
some influence on the final outcome. Moreover, the vari-
ability in the follow-up also seems to have affected overall 
revision-free survival. Similarly, the variability in the CT 
interval had a significant effect on postoperative ventricu-
lar indices because of the dynamic nature of CSF drain-
age through the shunt. These factors can be eliminated 
by a prospective study with strict clinical and radiological 
follow-up. In addition, an increase in the sample size may 
further validate the findings.

Conclusions
Preoperative radiological linear indices and ratios do 

not predict the likelihood of subsequent shunt malfunction. 
However, patients who required early shunt revision (< 90 
days) tended to have greater reductions in ventricular vol-
umes (as measured by a reduction in FOHR) on postoper-
ative images than those who required late revisions. This 
finding indicates that a greater reduction in ventricular vol-
ume is not actually desirable and that a ventricular volume 
high enough to reduce ICP should be the goal to achieve 
better long-term shunt compliance.
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