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Abstract Introduction Optic nerve sheath diameter (ONSD) measured using ultrasonography
has been widely used as a surrogate marker of elevated intracranial pressure. However,
literature is sparse on the correlation between ONSD and ventriculoperitoneal (VP)
shunt function, especially in adults with hydrocephalus. Our study was designed to
assess the correlation between ONSD measured using ultrasonography before and
12 hours after VP shunt placement and the success of VP shunt placement assessed
using computed tomography (CT) of the brain.
Materials and Methods Fifty-one patients between 16 and 60 years of age, with
obstructive hydrocephalus scheduled for VP shunt surgery were included in this
prospective, observational study. ONSD measurements were obtained from both
eyes prior to induction of anesthesia, immediately after the surgery, and at 6, 12,
and 24 hours after the surgery. An average of three readings was obtained from each
eye. Cerebrospinal fluid (CSF) opening pressure was noted after entry into the lateral
ventricle. Noncontrast CT (NCCT) brain was obtained 12 hours after the surgery and
was interpreted by the same neurosurgeon for signs of successful VP shunt placement.
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Introduction

Hydrocephalus is defined as an active distension of the
cerebral ventricles on account of inadequate passage of
cerebrospinal fluid (CSF) from its point of production within
the ventricular system of the brain to its point of absorption
into the systemic circulation.1 The prevalence of hydroceph-
alus is estimated at 85/100,000 worldwide.2 If left untreated,
hydrocephalus may result in elevated intracranial pressure
(ICP), which may, in turn, result in catastrophic consequen-
ces such as cerebral ischemia and brainstem herniation.3

Therefore, early diagnosis and prompt management of ele-
vated ICP could be potentially life-saving. CSF diversion
procedures such as ventriculoperitoneal (VP) shunt surgery,
endoscopic third ventriculostomy (ETV), or placement of an
external ventricular drain are frequently performed to re-
lieve raised ICP in patients with hydrocephalus.4 While
invasive methods continue to remain the proverbial “gold
standard” for monitoring ICP, they are associated with sever-
al complications such as infection, hemorrhage, and device
failure or disconnection.5 In addition, invasive ICP monitor-
ing is relatively contraindicated in the presence of coagul-
opathy, which is commonly encountered in patients with
traumatic brain injury.6,7 Noninvasive methods of ICP moni-
toring may help circumvent the problems associated with
invasive ICP monitoring. Among the various noninvasive
modalities available for monitoring ICP, optic nerve sheath
diameter (ONSD) assessment using ultrasonography (USG)
has gained traction over the past decade.8–11 The CSF of the
intracranial cavity also surrounds the optic nerve, which in
turn is surrounded by a sheath of meningeal layers. An
increase in ICP results in an increase in the radial pressure
in the CSF surrounding the optic nerve, causing the diameter
of the nerve sheath to increase. Therefore, serial measure-
ments of ONSD may be used for detecting and monitoring
raised ICP.12

Different modalities such as USG, computed tomography
(CT), and magnetic resonance imaging (MRI) have been used
for the assessment of ONSD.8,11,13,14 However, USG possesses
certain advantages over CT and MRI, in that it is portable, can
be used bedside, is relatively inexpensive, and does not incur
the risk of exposure to radiation that is inherent to CT.
According to studies, ONSD measured using USG is a reliable
indicator of raised ICP.3,10,15 However, most of the studies
evaluatingUSGONSD inpatientswithhydrocephalus included

children as their study population.16–18 A few studies have
evaluated the correlation of ONSD with ICP in adults with
hydrocephalus.11,19,20 Nonetheless, literature is sparse on the
correlation between ONSD measured using USG and the
outcome of CSF diversion procedures in adults with hydro-
cephalus. A study conducted in a tertiary care center in the
southern part of India deserves mention in this regard.21

Our study was designed as a prospective, observational
trial in order to assess the correlation between ONSD mea-
sured using USG before and at 12 hours after the placement
of a VP shunt in patients with obstructive hydrocephalus,
between 16 and 60 years of age, and the success of the VP
shunt placement assessed using CT scan. We also compared
serial USG ONSD measurements at predetermined time
points in the postoperative period in each patient, with their
respective preoperative ONSD measurements.

Materials and Methods

Our study was designed as a prospective, observational trial.
Fifty-one patients, between 16 and 60 years of age, who
underwent VP shunt surgery for obstructive hydrocephalus,
were enrolled after obtaining approval from the Institute
Ethics Committee (JIP/IEC/2020/135) and registration with
the Clinical Trials Registry-India (CTRI/2020/07/026895).
The study was conducted at a tertiary care center in the
southernpart of India. Patientswith ocular injuries and those
who were scheduled for VP shunt surgery on account of an
infectious etiology were excluded from the study. We spe-
cifically included patients with obstructive hydrocephalus
because VP shunt in patients with intraparenchymal or
intracerebral hemorrhage or in patients in whom CSF maybe
turbid on account of a central nervous system infection, may
get blocked by debris or red blood cells and platelet micro-
thrombi, thereby resulting in an increased incidence of shunt
blockage.22 Written informed consent was obtained from all
the participants or their legal guardians, in patients less than
18 years of age, prior to their enrolment in the study. The
sample size was calculated in accordance with a previous
study.11 The sample size for the study was estimated based
on the sample size formula for paired t-test to assess the
change inONSD usingUSG before and after placement of a VP
shunt. The sample size was estimated to be 51, considering a
mean difference of 0.5mm and a standard deviation (SD) of
1.25mm, to be clinically significant, assuming a 5% level of

Results There was a significant reduction in ONSD in the postoperative period
compared to ONSD measured preoperatively. The average ONSD (mean� standard
deviation) measured prior to induction of anesthesia, immediately after the surgery,
and at 6, 12, and 24 hours after the surgery was 5.71� 0.95, 5.20� 0.84, 5.06�0.79,
4.90�0.79, and 4.76�0.75mm, respectively. The mean CSF opening pressure was
19.6�6.9mmHg. Postoperative NCCT brain revealedmisplacement of the shunt tip in
only one patient.
Conclusion ONSD measured using ultrasonography may be used as a reliable
indicator of VP shunt function in adults with obstructive hydrocephalus.
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significance and 80% power. ONSD values between 4.78 and
5.3mm were considered normal, based on published stud-
ies.23,24 Based on a similar study conducted by Bhandari et al,
we expected the mean ONSD to reduce by 15 to 20% within
12 hours of the placement of a VP shunt.11

During the preoperative visit, patients were evaluated for
clinical features suggestive of raised ICP—headache, nausea,
vomiting, altered sensorium, and blurring of vision—using a
binary question and answer format (presence of symptom
was recorded as “yes” and absence of symptomwas recorded
as “no”). After shifting the patient to the operation theatre,
standard American Society of Anesthesiologists (ASA) mon-
itors such as electrocardiogram, pulse oximeter, and nonin-
vasive blood pressure were attached, and baseline
parameters were noted. ONSD measurements from both
eyes were obtained using an 8 to 12MHz linear USG probe,
before induction of anesthesia. The USG probe was gener-
ously lubricated and placed on the superolateral aspect of the
closed eyelid. The optic nerve sheath was seen as a hypo-
echoic band dorsal to the globe. ONSD was measured at a
depth of 3mm behind the posterior sclera, with the cursor
placed from the outer edge to the outer edge of the hypo-
echoic band, following the methodology described in a
previous study.25 The measurements were taken cautiously,
avoiding any undue compression over the eyes. An average of
three measurements was obtained from each side.26 All the
measurements were performed by an anesthesiologist with
a minimum of 3 years of experience with the use of ultra-
sound. A standard induction protocol using injection fenta-
nyl 1 to 2 mcg/kg, propofol 1 to 2mg/kg, and vecuronium
0.1mg/kg was followed. Anesthesia was maintained with 1
MAC of isoflurane in a mixture of oxygen and air.

The occipital approachwasused for insertion ofVP shunt in
all the patients. A styleted catheter was introduced into the
lateral ventricle. The stylet was then removed and the catheter
was attached to a water column-based pressure transducer,
which was zeroed at the level of the patient’s tragus, corre-
sponding to the foramen of Monro. Strict aseptic precautions
were adopted to ensure sterility while obtaining themeasure-
ments. The ICP value thus obtained was documented.

Using the methodology described earlier, ONSD measure-
ments were obtained immediately after the surgery and at 6,
12, and 24hours after the surgery. Noncontrast CT (NCCT)
brain obtained 12hours after the surgerywas interpreted by a
single neurosurgeon, who did not perform the surgery, for the
followingparameters indicative of successful shunt placement
—location of shunt tip in the frontal horn of lateral ventricle,
shrinkage of the ventricles, and resolution of periventricular
haze. These findings were documented in the data collection
pro forma. The patients were also assessed for resolution of
clinical symptoms 12hours after shunt insertion.

Statistical Analysis
All the statistical tests were performed using SPSS (version
18.0, IBM, United States). The categorical variables like
presence of headache, vomiting, nausea, visual disturban-
ces, and altered sensoriumwere expressed as frequency and
percentage, whereas all the continuous variables like USG

ONSD and CSF opening pressure were expressed as mean
and SD. The change in USG ONSD before and after the
placement of the VP shunt was assessed using repeated
measures of analysis of variance and post hoc Bonferroni
paired comparisons. The change in the proportion of sub-
jects in the study experiencing headache, vomiting, visual
disturbance, and altered sensorium during the preoperative
and postoperative period was assessed using McNemar’s
test. All the tests were conducted at a 5% significance level,
and a p-value of less than 0.05 was considered to be
statistically significant.

Results

After obtaining informedwritten consent frompatients or their
legal guardians, 51 patients, between 16 and 60 years of age,
belonging to the ASA Physical Status class 1, 2, and 3 were
recruited in our prospective, observational study. The demo-
graphic characteristics of the study population are outlined
in►Table 1. ThemeanCSFopeningpressurewas19.6�6.9mm
Hg. Obstructive hydrocephalus developed secondary to brain
tumors in all the patients in our study. Most of these tumors
were situated in the posterior fossa.

We observed a significant reduction in ONSD measure-
ments in the postoperative period compared to ONSD mea-
sured prior to induction of anesthesia. The averageONSDwas
5.71�0.95mm in the preoperative period and 5.20�0.84,
5.06�0.79, 4.90�0.79, and 4.76�0.75mmmeasured in the
immediate postoperative period and at 6, 12, and 24hours
after the surgery, respectively. A reduction of ONSD of 8.9%
from the average preoperative ONSD was observed in the
immediate postoperative period. Subsequently, we noted a
reduction of 11.4, 14.2, and 16.6% in ONSD at 6, 12, and
24hours after the surgery, respectively (►Tables 2 and 3

and ►Fig. 1).

Table 1 Demographic variables

Variable Mean� SD/percentage/n

Age (y) 42.3� 13.9

Weight (kg) 57.9� 8.1

Gender (M:F) (n) 22:29

ASA-PS (1/2/3) (percentage) 19.6/58.8/21.6

Clinical features
(n/percentage)

Headache 45 (88)

Vomiting 23 (45)

Nausea 22 (43)

Blurring of vision 20 (39)

Altered sensorium 16 (31)

CSF opening pressure
(mm Hg)

19.6� 6.9

Abbreviations: ASA-PS, American Society of Anesthesiologists Physical
Status; CSF, cerebrospinal fluid; M:F, male:female; SD, standard
deviation.
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All the patients were also assessed for clinical improve-
ment of symptoms 12hours after completion of the surgery.
Among the 45 patients who presented with headache, 39 of
them reported resolution of symptoms 12hours following
the surgery. Twenty-three patients presented with vomiting
and 22 patients presented with nausea. All of them had
complete resolution of symptoms 12hours after the surgery.
Sixteen out of the 20 patients who had preoperative visual
problems had complete resolution of symptoms when they
were assessed 12hours after the surgery. Eleven out of the 16

patients who presented with altered sensorium recovered
completely 12hours after the surgery (►Table 4).

NCCT brainwas done for all the patients 12hours after the
surgery. Among the 51 patients recruited in the study,
accurate placement of the tip of the VP shunt in the frontal
horn of the lateral ventricle was confirmed on imaging in all
but one patient. Shrinkage of ventricles was observed in 49
patients and resolution of periventricular hazewas observed
in 28 patients (►Fig. 2). The shunt tip was misplaced in only
one patient. Prior to surgery, this patient’s average ONSDwas

Table 2 ONSD values measured at different time points

Time ONSD right eye (mm)
Mean� SD

ONSD left eye (mm)
Mean� SD

ONSD average of both eyes (mm)
Mean� SD

Before induction 5.7� 0.9 5.7� 1 5.71� 0.95

Immediate postoperative 5.2� 0.8 5.2� 0.8 5.2� 0.84

6 hours after the surgery 5.1� 0.8 5.1� 0.8 5.06� 0.79

12 hours after the surgery 4.9� 0.8 4.9� 0.8 4.90� 0.79

24 hours after the surgery 4.8� 0.8 4.8� 0.7 4.76� 0.75

Repeated measures ANOVA p<0.001

Abbreviations: ANOVA, analysis of variance; ONSD, optic nerve sheath diameter; SD, standard deviation.
Note: Repeated measures ANOVA was the statistical test used.

Table 3 Post hoc Bonferroni correction for paired comparisons of average ONSD

Time points at which ONSD was measured Post hoc Bonferroni correction

Preoperative vs. Immediate postoperative < 0.001

Preoperative vs. 6 hours postoperative < 0.001

Preoperative vs. 12 hours postoperative < 0.001

Preoperative vs. 24 hours postoperative < 0.001

Abbreviation: ONSD, optic nerve sheath diameter.

Fig. 1 Average ONSD of both eyes at predetermined time points. ONSD, optic nerve sheath diameter; mm, millimeters.
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6.13mm. Average ONSD measured immediately after the
surgery and at 6, 12, and 24hours after the surgery was 6.20,
6.30, 6.27, and 5.98mm, respectively. Also, he had presented
with headache, which did not resolve after the surgery. This
patient was one of the two patients whose postoperative
NCCT brain did not show shrinkage of ventricles. He under-
went shunt revision surgery following which symptomatic
improvement was observed. The other patient’s symptoms
resolved after the surgical procedure and he continued to
remain asymptomatic until his discharge from the hospital.
NCCT brain performed on his follow-up visit demonstrated
complete resolution of hydrocephalus.

Discussion

Our results demonstrate that ONSDderived fromUSGmay be
used as a reliable surrogate marker for the adequacy of VP
shunt function as assessed by NCCT brain, in patients with
obstructive hydrocephalus. We observed a significant reduc-
tion in ONSD values in the postoperative period (p<0.001).
Bonferroni correction performed for paired comparisons of
average ONSD (preoperative vs. immediate postoperative, 6,

12, and 24hours postoperative) was also statistically signifi-
cant (►Tables 2 and 3).

ONSD Measurements
Sonographic assessment of the optic nerve for the detection
of intracranial hypertension has been in use in clinical
practice since as early as the 1980s.27 Ultrasonographic
assessment of ONSD is a noninvasive, reliable, and reproduc-
ible technique that can be performed quickly at the bedside
for the detection of elevated ICP.17,28,29 Several studies have
demonstrated that an increase in ONSD correlates well with
intracranial hypertension.10,15,29,30However, there is awide
variation in the reported values of ONSD cutoffs in the
literature for the detection of raised ICP. In a prospective,
observational study on 41 adult neurosurgical patients, with
invasive ICP monitoring in place, admitted in the neurosur-
gical intensive care unit, by Raffiz et al, the authors found
thatONSD value of 5.20mmwas found tohave a sensitivityof
95.8% and specificity of 80.4% for the detection of elevated
ICP. In addition, the authors also found a significant correla-
tion between ONSD and invasively measured ICP, with a
correlation coefficient of 0.82.31 In another prospective,

Table 4 Clinical features in the preoperative period and 12 hours postoperatively

Clinical features Preoperative (n¼51) 12 hours postoperative (n¼ 51) McNemar test
p-valuePresent Absent Present Absent

Headache 45 (88.2%) 6 (11.8%) 6 (11.8%) 45 (88.2%) < 0.001

Vomiting 23 (45%) 28 (54.9%) 0 (0%) 51 (100%) N/A

Nausea 22 (43.1%) 29 (56.8%) 0 (0%) 51 (100%) N/A

Blurring of vision 20 (39.2%) 31 (60.7%) 4 (7.8%) 47 (92.1%) < 0.001

Altered sensorium 16 (31.3%) 35 (68.6%) 5 (9.8%) 46 (90.1%) 0.001

Abbreviation: N/A, not applicable.

Fig. 2 Bar diagram depicting the NCCT brain findings after VP shunt placement. n, number of patients; NCCT, noncontrast computed
tomography; VP shunt, ventriculoperitoneal shunt.
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observational study conducted on 51 patients scheduled for
VP shunt surgery or ETV for hydrocephalus, Subramanian
et al found that the sensitivity and the specificity of ONSD
cutoff value of 5.5mmtodetect ICP�20mmHgwas94.9 and
66.7%, respectively. The sensitivity of ONSD cutoff value of
5.5mm to detect ICP>22mm Hg and ICP>25mm Hg were
91.4 and 88.4%, respectively. However, the specificity of the
aforementioned ONSD cutoff decreased to less than 50% for
the detection of ICP � 22mm Hg. The authors observed a
strong correlation between ONSD � 5.5mm and clinical and
radiological features of elevated ICP. Furthermore, the
authors also observed a progressive decrease in ONSD fol-
lowing the CSF diversion procedure, with the lowest ONSD
recorded on the 7th postoperative day.21 In accordance with
thefindings of the study conducted by Subramanian et al, we
also observed a significant decrease in ONSD measurements
following the insertion of a VP shunt. However, unlike
Subramanian et al who included children older than 10 years
of age as well as adults with hydrocephalus regardless of the
etiology in their study, we included patients between 16 and
60 years of age with obstructive hydrocephalus only. Our
findings are also in agreement with a prospective, observa-
tional study conducted by Chopra et al, on 40 adults sched-
uled for CSF diversion procedures, where the authors
observed a significant decrease in ONSD following CSF
diversion procedure. The authors also found that an ONSD
cutoff value of 5.85mm was able to predict ICP>20mm Hg
with a sensitivity of 92.3% and a specificity of 85.7%.4 In a
recently published prospective study conducted by Sahu et al
on 30 adults scheduled for surgical procedures for the
management of intracranial hypertension, the authors ob-
served that an ONSD cutoff value>5.5mm predicted ICP
>20mm Hg with a sensitivity of 100% and a specificity of
75%. The authors also identified ONSD cutoffs of 6.3, 6.5, and
6.7mm for predicting ICP greater than 25, 30, and 35mmHg,
respectively.32 Regardless of the ONSD cutoff for detection of
intracranial hypertension, it can be agreed upon that ONSD
correlates well with invasivelymeasured ICP in patients with
varied neurological and neurosurgical pathologies, especial-
ly when the ICP is between 20 and 25mmHg. A reduction in
ICP results in a progressive reduction in ONSD as well.

Preoperative and Postoperative ONSD Values
We found a significant reduction in serial USG ONSD after VP
shunt insertion (►Table 2, ►Fig. 1). The mean preoperative
and 12hours postoperative ONSD of both eyes were
5.71�0.95 and 4.90�0.79mm (p<0.001), respectively.
Our findings are in agreement with those of Bhandari et al,
whomeasured ONSD using both USG and CT before and after
12 hours of placement of VP shunt, in 69 patients between 2
and 60 years of age.11 In their prospective, observational
study, the mean preoperative and postoperative (12hours
after shunt placement) ONSD measurements by USG were
5.80�0.63 and 4.52�0.72, respectively, among adults, and
4.76�1.14 and 3.90�1.08mm before and 12hours after VP
shunt placement, respectively, in the pediatric population.
The authors also observed a good correlation between ONSD
measurements obtained fromUSG and ONSDmeasurements

obtained from CT (interclass correlation coefficient¼0.97;
p<0.001). Their findings further emphasize the reliability of
ONSD measured using USG as a surrogate marker for the
efficacy of VP shunt. Our findings are concordant with those
of Choi et al who compared the ONSD measured with USG
before and within 30minutes of VP shunt placement on 34
children, undergoing VP shunt surgery for the treatment of
hydrocephalus. ONSD values, after induction of anesthesia,
before shunt placement were 5.4�0.6 and 5.3�0.7mm in
the right and left eye, respectively. The authors observed a
significant reduction in ONSD values to 4.4�0.5 and
4.5�0.7mm in the right and left eye, respectively, within
30minutes of the completion of the surgery.33 However, we
included patients over 16 years of age in our study.

Subramanian et al obtained serial ONSD measurements
using USG in 51 patients undergoing CSF diversion proce-
dures. ONSD was measured before surgery, on postoperative
days 1, 3, and 7 on all 51 patients and on 31 patients at
follow-up at a median duration of 12 months. The authors
observed a significant reduction in ONSD on day 3 and day 7
after the CSF diversion procedure compared with the preop-
erative measurements in patients with successful CSF diver-
sion. The maximum reduction in ONSD was observed on the
7th postoperative day, when 95% of the patients had ONSD
<5.5mm. Further reduction in ONSD was observed in 78.6%
of the patients during follow-up.21 We performed serial
ONSD measurements till 24 hours after the placement of
VP shunt. We observed a maximum reduction in ONSD of
16.6% measured 24hours after the surgery, compared to
ONSD measured preoperatively.

ONSD and VP Shunt Misplacement
The overall incidence of complications following VP shunt
surgery is 23.8%.34 Shunt migration or misplacement is
observed in approximately 1 in 1,000 patients following VP
shunt surgery.35 In their retrospective analysis of data
obtained from 227 adults who had undergone VP shunt
surgery between 2001 and 2011, Khan et al noted that the
overall incidence of shunt malfunction was 15.4%, of which
shunt migration accounted for 0.9%. The median time for
shunt malfunction from the day of shunt placement was
120 days. Furthermore, the authors also observed a signifi-
cant association between the etiology of hydrocephalus and
shunt malfunction (p¼0.03).22 Only one patient (2%) in our
study developed shunt misplacement, accounting for shunt
failure. Among the various factors that significantly affect the
shunt function, an important factor is the presence of blood.
In patients with intracerebral or intraparenchymal hemor-
rhage, the shunt may get clogged, thereby affecting the
drainage of CSF.22Also, shuntmisplacement is comparatively
higher among children, compared to adults. In a comprehen-
sive review of the literature on shunt migrations performed
by Harischandra et al, a total of 396 shunt migrations were
noted, 71.2% of which were noted in the pediatric age
group.35 The low rate of shunt malfunction in our study
may be attributed to the fact that we only enrolled patients
between 16 and 60 years of agewith obstructive hydroceph-
alus in our study. In addition, our follow-up period was
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restricted to 24 hours postoperatively. This is one of the
limitations of our study. We also observed that there was
no reduction in ONSD in the postoperative period in the
patient who developed shunt malfunction in our study. Our
findings are in agreement with the findings of Subramanian
et al.21 In their study, 3 out of the 31 patients who presented
for long-term follow-up had shunt dysfunction. In all these 3
patients, ONSD at follow-up was significantly higher than
ONSD measured on the 7th postoperative day, implying a
correlation between ONSD and shunt failure. Similarly,
Padayachy et al, in their retrospective analysis of preopera-
tive and postoperative MRI scans of 24 children who had
undergone ETV, found that in patients with successful ETV
(n¼19), the mean change in ONSD was 0.73mm and in
patients with a failed ETV (n¼5), the mean change in ONSD
was 0.18mm (p¼0.0007). In addition, a change inMRI ONSD
of 7.5% from the initial measurement was found to have a
sensitivity of 92.9% and a specificity of 85.7% for the outcome
of ETV.16 These findings suggest that ONSD may be used as a
marker for the efficacy of CSF diversion procedures.

ONSD and Resolution of Clinical Features
We assessed all the patients for clinical improvement
12 hours after VP shunt surgery, along with ONSD measure-
ments. We observed that 86.7% of the patients who pre-
sented with headache and all patients with preoperative
nausea and vomiting recovered completely. Eighty-five per-
cent of the patients with preoperative visual problems
recovered. Note that 68.8% of the patients who presented
with altered sensorium experienced complete resolution of
their symptoms (►Table 4). Our findings are concordant with
those of Subramanian et al, who observed that reduction in
ONSD values correlated well with resolution of symptoms
such as visual disturbances and headache.21 A correlation
between ONSD measured by MRI and resolution of clinical
features of hydrocephalus was also observed by Singhal et al
in 16 childrenwho underwent either ETVor tumor resection
for the management of hydrocephalus.18

Our findings suggest that ONSD measurements obtained
using USG may be used as a reliable indicator of VP shunt
function in adult patients with obstructive hydrocephalus.
Our study has few limitations. The incidence of shunt failure
in our study was only 2%, which is significantly lower than
the numbers reported in literature.22,35 Therefore, we could
not perform a correlation analysis between ONSD measure-
ments and CT findings suggestive of successful or unsuccess-
ful VP shunt placement. Also, the duration of follow-up in our
study was limited to 24hours, which may not be sufficient
for the development of shunt malfunction.

Conclusion

ONSD measured using USG may be used as a reliable indica-
tor of VP shunt function in adult patients with obstructive
hydrocephalus. However, larger studies are warranted to
extrapolate our findings to patients with hydrocephalus
attributable to different etiologies.
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