
�Original�Research�Article
Indian�Journal�of�Anesthesia�and�Analgesia�

January�–�February�2020;�7(1)�(Part�-�I):�99-105
DOI:�http://dx.doi.org/10.21088/ijaa.2349.8471.7120.15

A�Prospective�Observational�Study�on�Ultrasonographic�Measurement�of�
Optic�Nerve�Sheath�Diameter�as�a�Bedside�Tool�in�Detecting�Findings�of�
Increased�Intracranial�Pressure�in�Neuro�Critical�Care�Patients

Ravi�Saravanan1,�Krishnamoorthy�Karthik2,�Kanirajan�Yogalakshmi3,�Prabhuvel�Nandhini4

1,2Associate�Professor,�3Post�Graduate,�Department�of�Anaesthesiology,�SRM�Medical�College�Hospital�and�Research�Centre,�Potheri,�
Chennai,�Tamil�Nadu�603203,�India.� 4Consultant,�Department�of�Anaesthesiology,�SIMS�Hospital,�Vadapazhani,�Chennai,�Tamil�
Nadu�600026,�India.

Corresponding� Author:�Krishnamoorthy� Karthik,�Associate� Professor,� Department� of� Anaesthesiology,� SRM� Medical� College�
Hospital�and�Research�Centre,�Potheri,�Chennai,�Tamil�Nadu�603203,�India.
E-mail:�karthikkrishnamoorthy1981@gmail.com
Received�on�18.10.2019,�Accepted�on�07.12.2019

Abstract

Context:�Posttraumatic�intracranial�hypertension�might�be�detrimental.�Bedside�ultrasound�measurement�
of�optic�nerve�sheath�diameter�helps�in�early�diagnosis�of�increased�intracranial�pressure.�Aims:�To�determine�
the�accuracy�of�detecting�the�raised�intracranial�pressure�by�ultrasonographic�measurement�of�Optic�Nerve�
Sheath�Diameter� (ONSD).�To�correlate�ONSD�with� the�Computer�Tomography�(CT)� findings�of� increased�
intracranial� pressure� and� the� average� time� taken� to� measure� ONSD� with� ultrasound.�Settings� and�Design:�
A� Prospective,� double� blinded� Observational� Study.�Methods� and�Materials:�To� determine� the� accuracy� of�
detecting�the�raised�intracranial�pressure�by�ultrasonographic�measurement�of�Optic�Nerve�Sheath�Diameter�
(ONSD).�To�correlate�ONSD�with�the�Computer�Tomography�(CT)�findings�of�increased�intracranial�pressure�
and� the� average� time� taken�to�measure� ONSD� with� ultrasound.�Statistical�Analysis:�Descriptive�Analysis� -�
Sensitivity,�Specificity�and�Predictive�values.�Results:�The�sensitivity�for�the�mean�binocular�optic�nerve�sheath�
diameter� ultrasonography� in� detecting� elevated� intracranial� pressure� was� 99.42%� and� the� specificity� was�
82.43%�with�an�odds�ratio�of�0.3547.�The�positive�predictive�value�was�92.97%�and�the�negative�predictive�
value�was�98.39%�with�an�p� -�value�of�<�0.0001�which�was�significant.�The�average�time�taken�to�measure�
the�ONSD�was�19.8�secs.�Conclusions:�The�evaluation�of�optic�nerve�sheath�diameter�is�a�simple�noninvasive�
procedure,�which�is�a�potentially�useful�tool�in�the�assessment�and�monitoring�of�raised�intracranial�pressure.�
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Introduction

Early� detection� of� intracranial� hypertension� and�
proper� treatment� to� reduce� Intracranial� Tension�
(ICT)� protects� cerebral� perfusion� and� better�
neurological�recovery.1�Clinicians�need�an�accurate�

tool�to�distinguish�those�with�elevated�intracranial�
pressure� from� a� vast� majority� of� patients� with� a�
head� injury� who� have� no� elevated� intracranial�
pressure.� Direct� measurement� of� CSF� pressure�
by� placing� intraventricular� or� intraparenchymal�
catheters�and�transducing�them�is�the�gold�standard�
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in�the�measurement�of�intracranial�pressure.�These�
procedures�are�highly�invasive�with�complications�
like� hemorrhage,� infection,� also� require� technical�
expertise�and�availability.2–5

Other� noninvasive� methods� available� to� assess�
intracranial� hypertension� are� neuroimaging� (CT�
and� MRI� brain),� transcranial� Doppler,� tympanic�
membrane� displacement,� intraocular� pressure�
measurement,�venous�opthalmodynamometry�and�
changes� in� optic� nerve� sheath� diameter� (ONSD)�
using�orbital�ultrasound.6

Neuroimaging�techniques�like�CT�scan�and�MRI�
are� most� commonly� used� to� predict� intracranial�
hypertension,� but� these� techniques� are� expensive,�
require� long� acquisition� times,� have� limited�
availability� and� require� patient� transport� which�
might�be�harmful�in�unstable�patients.

Ultrasonography�is�emerging�as�a�simple�bedside�
tool� widely� used� in� emergency� departments.� The�
cost� of� the� procedure� is� low�and� the�equipment� is�
widely� available.� Ultrasonography� of� ONSD� has�
been�developed�in�recent�times�as�a�possible�indicator�
of�intracranial�hypertension.�The�optic�nerve�is�a�part�
of�the�central�nervous�system�and�is�surrounded�by�
CSF� (Cerebro� Spinal� Fluid),� which� is� continuous�
with�the�intracranial�subarachnoid�space.�Elevation�
of� intracranial�pressure� is� transmitted�through�this�
subarachnoid� space,� especially� the� retrobulbar�
segmentas� shown� in� (Fig.� 1).� Dilatation� of� the�
optic� nerve� sheath� is� shown� to� be� a� much� earlier�
manifestation�of�ICP�rise.7–10�CSF�pressure�variations�
in�uence�the�optic�nerve�sheath�diameter�in�patients�
with�head�injuries,�children�with�ventriculoperitoneal�
shunts,� postmortem� specimens,� intrathecal� gelatin�
infusion� models.� Bedside� measurement� of� Optic�
Nerve� Sheath� Diameter� (ONSD)� using� orbital�
ultrasound�is�an�effective�tool�in�early�diagnosis�of�
intracranial�hypertension.

Opric�nerve�sheath
(4�mm)

Sub-arachnoid�space

Increased�CSF�pressure�in

Dilated�optic�nerve
sheath

Raised�ICP

Normal�ICP

Optic�nerve

Fig.� 1:� A� cross� section� of� the� optic� nerve.� The� subarachnoid�
spaceseparates�the�optic� nerve� from�the�optic�nerve�sheath� (a)�
the�normal�state.�(b)�After�dilatation�of�the�optic�nerve�sheath�as�
a� consequence�of� increased�cerebrospinal� fluid�pressure�in� the�
subarachnoid�space.�CSF:�Cerebrospinal�Fluid,�ICP:�Intracranial�
Pressure.

The� procedure� is� relatively� simple,� less� time�
consuming,� can� be� done� at� the� bedside,� easily�
reproducible� and� with� least� interpersonal�
variability�in�measurements.�The�patient�is�placed�
in�the�supine�position.�A�layer�of�gel�is�applied�over�
the�closed�upper�eyelid.�The�linear�high-frequency�
5–10�Hz�probe�is�placed�on�the�gel�over�the�eyeball�
to�get�axial�images�of�the�globe�and�optic�nerve�as�
in�Fig.�2.�The�diameter�of�the�optic�nerve�sheath�was�
measured�3�mm�behind�the�globe�as�in�Fig.�3�

Fig�2:�Diagram�of�sonographic�evaluation�through�closed�eyelid�
of�eye�and�optic�nerve�sheath�diameter.

Fig.�3:�Ultrasound�image�showing�optic�nerve�sheath�diameter.

Aims�and�Objectives

The�aim�is� to�determine� the� accuracy�of�detecting�
the�raised�intracranial�pressure�by�ultrasonographic�
measurement� of� Optic� Nerve� Sheath� Diameter�
(ONSD).�The�primary�objective�is�to�correlate�ONSD�
with� the� Computer� Tomography� (CT)� �ndings� of�
increased� intracranial� pressure� and� the� average�
time�taken�to�measure�ONSD�with�ultrasound.
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Materials�and�Methods

The� study� is� a� prospective� observational� study.�
After�institutional�ethical�committee�approval�(IEC�
NO:1354/2018)� and� Clinical� Trial� Registry� India�
registration�(CTRI�No-�2018/11/022261),�this�study�
was�done�in�233�patients�admitted�at�the�emergency�
department�and�neurosurgery�department�meeting�
the� inclusion�criteria�after�getting�proper�consent.�
Patients� of� both� sexes� between� age� group� 18� and�
65�years�with�a�head�injury�and�suspected�to�have�
raised� ICT� and� subjected� to� CT� brain� evaluation�
were� included� in� the� study.� Patients� with� orbital�
and�ocular�injuries�and�diseases�affecting�the�optic�
nerve� like� neuro-in�ammatory� and� degenerative�
disorders�were�excluded.�

Ocular� ultrasound� is� performed� with� a� linear�
high� frequency� 5–10� Hz� probe� placed� over� the�
eyeball� to�get�axial� images� of� the�globe�and�optic�
nerve.�The�diameter�of�the�optic�nerve�sheath�was�
measured�3�mm�behind�the�globe.�Binocular�ONSD�
was�measured�to�derive�the�mean.�ONSD�values�>�
5�mm�signi�ed� increased� ICT.�The� measurements�
were� done� by� anesthesiologists� experienced� with�
ultrasound� examination.� The� time� taken� for� the�
measurement� was� noted� which� is� the� time� from�
placing� the� probe� over� the� eyeball� to� time� of�
arriving�the�value.

Interpretation

ONSD�more�than�5�mm�is�suggestive�of�increased�

intracranial�pressure�and�the�values�were�compared�
with�the�CT��ndings�of� intracranial�hypertension.�
The� patients� were� followed� up� subsequently.�
If� the� patients� undergo� repeat� CT� scan� after�
medical�or�surgical�intervention,�ultrasonographic�
measurement�of�ONSD�was�repeated�and�compared�
with�the�new�CT��ndings.

Results

The� CONSORT� �owchart� for� the� �ow�of�patients�
is� represented� in�Fig.� 4.� Two�hundred�and� thirty-
three�patients�were�enrolled�in�the�study,�185�Male�
patients� and� 48� Female� patients� were� considered�
for�the�study.�All�data�were�entered�in�the�MS�Excel�
spreadsheet� and� a� descriptive� analysis� was� used�
as� in� Table� 1.� Fig.5� represents� the� distribution� of�
ONSD� among� the� study� patients.� The� sensitivity�
for�the�mean�binocular�optic�nerve�sheath�diameter�
ultrasonography�in�detecting�elevated�intracranial�
pressure�was�99.42%�(95%�CI�96.82%�to�99.99%)�and�
the�speci�city�was�82.43%�(95%�CI�71.83%�to�90.30%)�
with� odds� ratio� of� 0.3547.�The� positive� predictive�
value�was�92.97%�(95%� CI�88.98%� to�95.59%)�and�
the�negative�predictive�value�was�98.39%�(95%�CI�
89.6%� to� 99.77%)� as� noted� in� Table� 2.� The� ONSD�
correlates�well�with�the�CT��ndings�of�intracranial�
tension� as� represented� in� the� bar� diagram� in� Fig.�
7.� The� average� time� taken� for� a� single� ONSD�
measurement�was�19.8�secs.�The�scatter�diagram�for�
the�time�taken�to�measure�ONSD�is�shown�in�Fig.�6.

Table�1:�Table�representing�the�correlation�between�ONSD�and�CT�findings�of�raised�ICT

�Raised�ICT Normal�ICT
�ONSD�>�5�mm �172�(�True�positive) �13�(�False�positive)
�ONSD�<�5�mm �1�(True�negative) �47�(False�negative)

Table�2:�Stanalysis

Statistics Value 95%�CI
Sensitivity 99.42% 96.82%�to�99.99%

Specificity 82.43% 71.83%�to�90.30%
Positive�Likelihood
Ratio 5.66 3.45�to�9.27
Negative�Likelihood
Ratio 0.01 0.00�to�0.05
Disease�prevalence 70.04% 63.91%�to�75.68%
Positive�Predictive
Value 92.97% 88.98%�to�95.59%
Negative�Predictive
Value 98.39�% 89.60%�to�99.77%
Accuracy 94.33% 90.67%�to�96.8
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Fig.�4:�CONSORT�diagram�representing�the�flow�of�patients�in�the�study.
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Fig.�5:�Scatter�diagram�representing�the�distribution�of�ONSD�among�study�patients.
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Fig.�6:�Scatter�diagram�representing�the�time�taken�for�ONSD�measurement.
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Discussion

Raised� intracranial� pressure� is� a� consequence� of�
head� injury� with� intracranial� bleed� which� when�
diagnosed� earlier� and� prompt� treatment� can�
avoid� cerebral� ischemia� and� its� sequel.1� With� this�
consideration,� a� test� with� high� sensitivity� and�
speci�city� with� the� least� time�consumption� needs�
to�be�practiced�for�early�detection�of�raised�ICP.17,18�
ONS�anatomically�continues�with�dura�mater�from�
the�brain.11�When�there�is�an�increase�in�ICP,�the�CSF�
slowly�percolates�around�the�nerve�sheath�causing�
it�to�increase�in�diameter�which�could�be�picked�up�
by�B�scan.�A�position�of�3�mm�behind�the�globe�was�
chosen�because�the�ultrasound�contrast�is�greatest,�
the�results�are�more�reproducible�and�anatomically�
the�anterior�nerve�is�most�distensible.�In�the�present�
study,�the�average�ONSD�in�the�control�group�was�
compared�with� the� group�with� raised�ICP.� It�was�
also�noted�that�papilloedema�was�not�found�in�the�
acute�situation,�but�that�increased�ONSD�may�act�as�
a�marker�for�raised�ICP�before�the�development�of�
papilloedema.7–10

Using�these�ultrasonography�techniques�several�
groups�have�investigated�the�relationship�between�
the� optic� nerve� sheath� diameter� as� measured�
by� A-scan� and� the� ICP.� Cennamo14,� Gangemi15

and� Tamburrelli16� each� demonstrated� a� positive�
linear� relationship� between� these� two� variables�
in� neurosurgical� patients� and� in� particular,� an�
immediate�change�in�ONSD�with�the�change�in�ICP.

Liu�and�Kahn,13�in�a�cadaver�study,�looked�at�the�
pressure�gradient�within�the�optic�nerve�sheath�in�

relationship�to�the�ICP�and�the�anatomy�of�the�optic�
nerve� sheath.� They� noted� that� the� trabeculations�
were� most� dense� posteriorly� being� quite� sparse�
anteriorly�where�the�nerve�sheath�was�thinnest�and�
the�most�distensible.�Although�they�did�not�measure�
the�optic�nerve�sheath�diameter,�they�noted�that�in�
all�of�the�cadavers�the�bulbous�portion�of�the�optic�
nerve�was�seen�to�bulge�or�in�ate�somewhat�as�the�
intracranial�pressure�was�created,�but�there�was�no�
obvious�change�in�appearance�along�the�remaining�
nerve.

Hansen� and� coworkers� in� 1994� presented� data�
using� a� transorbital� B-scan� approach� for� the�
measurement�of�ONSD.11,12�This�approach�allowed�
them� to� choose� a� distance� behind� the� globe� to�
consistently�measure�the�nerve,�something�dif�cult�
to�attain�with�A-scan�techniques.

In� 1996,� Helmke� and� Hansen7� went� on� to�
demonstrate,� again� in� cadaver� studies,� that� the�
ONSD� increased� by� up� to� 60%� at� a� distance� of�
3� mm� behind� the� globe� compared� with� only�
35%� at� 10� mm� thus� con�rming� Liu� and� Kahn’s�
observations.� Furthermore,� they� went� on� to�
show� that� the� optimal� experimental� scanning�
position� was� longitudinal� (axial)� where� the� least�
interobserver�variability�was�found�although�there�
was� no� signi�cant� difference� in� measurement� by�
lateral,� axial� or� transverse� projection.� This� latter�
observation� is� of� importance� because� transorbital�
B-scan� ultrasonography� looking� along� the� optic�
nerve� longitudinally� relies� on� a� poorer� lateral�
resolution� of� the� ultrasound� pulse,� rather� than�
the� high-resolution� perpendicular� approach� of�
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Fig.�7:�Bar�diagram�representing�the�correlation�of�ICT�with�ONSD.
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a� transverse� scan.� The� average� time� taken� to�
measure�ONSD� in�our� study�was�19.8� seconds� as�
in� the� study� done� by� Venkatakrishna� Rajajee� et�
al.� who� observed� the� median� time� required� for� a�
cluster�of�six�measurements�was�from�10�minutes.19

Direct� measurement� of� CSF� pressure� by� placing�
intraventricular�catheters�and�transducing�them�is�
the� gold� standard� in� measurement� of� intracranial�
pressure�which�was�not�done�or�compared,� is� the�
only�limitation�of�this�study.

Conclusion

ONSD� is� a� noninvasive,� less� time� consuming,�
readily� available� and� easily� trainable� modality� to�
assess�raised�ICP�in�suspected�patients.�There�was�a�
signi�cant�correlation�between�the�ONSD�measured�
by� ultrasonography� and� CT��ndings�of� increased�
intracranial�pressure.�ONSD�can�be�considered�as�
a�modality�to�diagnose�raised�intracranial�pressure�
along�with�other�imaging�modality.�Though�ONSD�
has�a�few�advantages�compared�to�intraventricular�
ICP� monitoring,� a� prospective� study� with� a� large�
study� population� is� required� to� prove� ONSD‘s�
unequivocal� ef�cacy� over� intraventricular� ICP�
monitoring.

Key�Messages�

Optic� Nerve� Sheath� Diameter� (ONSD)� measured�
by�bedside�ultrasound�greater�than�5�mm�in�adults�
indicates� raised� intracranial� pressure.� ONSD�
measurement�is�less�time�consuming�and�correlates�
well�with�the�Computer�Tomographic��ndings.
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