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Bedside Ultrasonographic Assessment of Optic Nerve Sheath
Diameter As a Means of Detecting Raised Intracranial Pressure
in Neuro-Trauma Patients: A Cross-Sectional Study

Amandeep Kaur, Parshotam L. Gautam, Shruti Sharma, Vikram P. Singh’, Sarit Sharma?
Departments of Critical Care Medicine, 'CTVS, and 2Community Medicine, DMC and H, Ludhiana, Punjab, India

Background: Optic nerve sheath diameter (ONSD) measurement is emerging as a noninvasive method to estimate raised ICP. It is helpful
in situations where imaging of brain or direct ICP monitoring is not available or feasible. Use of ONSD is still limited, so this study was
planned to determine whether the bedside sonographic measurement of ONSD can reliably predict elevated ICP in neuro-trauma patients.
Methodology: After approval from Hospital Ethics Committee, this cross-sectional study was conducted in hundred traumatic brain injury (TBI)
patients with suspected elevated ICP, admitted to neurosurgical ICU. The severity of brain injury was assessed according to Glasgow coma
scale (GCS), initial CT scan findings, and revised trauma score (RTS). All patients underwent ONSD sonography of the eye and CT scan
subsequently. ONSD of >5.0 mm was considered as a benchmark of raised ICP. Results: Mean ONSD of the study group with ONSD >5.0 mm
was 5.6 = 0.3 mm. ONSD was raised in 46% of patients, more so in patients with low GCS (3-6). The relationship of ONSD with GCS, CT
scan findings, and RTS was highly significant. The sensitivity of the bedside sonographic measurement ONSD to detect raised ICP was 93.2%
and specificity was 91.1% when compared with CT scan. Positive Predictive Value of the ONSD measurement was 89.1% and the negative
predictive value was 94.4%. Conclusion: Ultrasonographic assessment of ONSD is a reliable modality to detect raised ICP in neurotrauma

patients. It can be helpful in the early initiation of treatment of elevated ICP, thus preventing secondary brain damage.
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INTRODUCTION

It is important to determine raised intracranial pressure (ICP)
in traumatic and nontraumatic neurological and neurosurgical
patients as it may cause significant neurological deterioration
due to secondary brain damage.!'* Hence, a quick evaluation
of increased ICP is important for the management of
patients with traumatic brain injury (TBI) to allow timely
ICP lowering measures and maintain adequate cerebral
perfusion.P! Direct methods of ICP measurement, such as
epidural bolt, microdialysis catheter, lumbar puncture (LP), and
intraventricular catheterization are accurate but are invasive
in nature and can result in complications such as hemorrhage
and infection. Many noninvasive techniques for the detection
of elevated ICP include computed tomography (CT) of the
head, magnetic resonance imaging (MRI), and trans-cranial
Doppler sonography (TCD). However, sometimes these tests
are not readily available or the patient is nontransferable and
along with this, there is a risk of radiation exposure with
these techniques.[! Ultrasonography-guided retro-bulbar
optic nerve sheath diameter (ONSD) measurement by a
trained Ultrasonologist is an alternative noninvasive method
to estimate ICP in comparison to various invasive and other
noninvasive ICP measurement techniques. Point of care
ocular sonography is a quick, cost-effective, bedside and
noninvasive method for measurement of ONSD and can lead

to more timely interventions for raised ICP, especially in
hemodynamically unstable patients in ICU, where CT scan
is unavailable and invasive monitoring is contraindicated.!
The optic nerve sheath is contiguous with the subarachnoid
space so an increase in ICP results in similar pressure changes
between intracranial and intraorbital subarachnoid spaces.?!
Ultrasound-guided ONSD measurement has been evaluated
and proposed as a means of measuring ICP in the previous
studies but its use is still limited to a few centers.[*¥ Therefore,
the present study was planned to evaluate the accuracy of
bedside ultrasound-guided ONSD to diagnose raised ICP
and compare the results with CT findings of raised ICP in
neuro-trauma patients. The aim of this study was to determine
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whether the bedside ultrasound-guided measurement of ONSD
can reliably predict the elevated ICP in neuro-trauma patients.

MareriaLs AND MEeTHODS
Study setting

This cross-sectional study was conducted in the Neurosurgery
ICU of a tertiary care teaching hospital between October 2018
and July 2019, after obtaining approval from Hospital Ethics
Committee.

Study population

After obtaining a written informed consent, hundred patients
with TBI were enrolled in this study who had suspected
elevated ICP. Patients consisted of heterogenous population
including those with subdural hemorrhage (SDH), extradural
hemorrhage (EDH), intracerebral hemorrhage (ICH),
subarachnoid hemorrhage (SAH), and diffuse cerebral
edema due to TBI. In case of multiple diagnoses, patient was
categorized with respect to the predominant manifestation
of TBI. The severity of brain injury was assessed according
to Glasgow coma scale (GCS), initial CT scan findings, and
revised trauma score (RTS). All patients who were enrolled
in the study underwent optic nerve sheath diameter (ONSD)
sonography of both eyes followed by CT scan head
subsequently.

Inclusion criteria

All adult patients (>18 years) presenting to Neurosurgical
ICU with TBI with a suspected rise in ICP were included in
the study.

Exclusion criteria

Patients with penetrating trauma to head or significant ocular
trauma, history of glaucoma, or optic nerve pathology were
excluded from the study.

Procedure and Measurements

Ultra sonographic measurement of ONSD was done using
a 10-13 MHz linear ultrasound probe. All patients were
examined in the supine position. Conductive ultrasound gel
was placed over a closed upper eyelid without any pressure.
The probe was placed on the superior and lateral aspect of
the orbit as is the recommended technique.® Optic nerve
was visualized as a linear hypoechoic structure with defined
margins posterior to the globe. The transverse ONSD was
measured 3 mm behind the retina as shown in Image 1 and 2
and noted. Based on prior literature, binocular ONSD >5.0 mm
was considered raised in this study.”'"! The CT scan result
was considered to be positive for elevated ICP if there was
significant edema, midline shift of 3 mm or more, mass effect,
effacement of sulci, collapse of ventricles, or compression of
cisterns and its assessment was done by the radiologist blinded
to the study.l!

The RTS is a physiologic scoring system used in our study,
based on the initial vital signs of a patient. A lower score
indicates a higher severity of injury. Values for the RTS are in

the range 0 to 7.84. We used an online calculator application
to calculate RTS.I'?

Data collection

In a patient with suspected raised ICP, for which a CT was
planned, bedside ONSD sonography of the eye was conducted
by single well-trained investigator with the intention of
minimizing interobserver variability. Investigator in the study
had the experience of doing bedside ONSD examination of
more than fifty abnormal ultrasounds in the past one year.
Ultrasound-guided ONSD examination was quickly performed
as it is available in our ICU block so that there is no time delay in
shifting the patient to Radiology unit for CT scan subsequently.

The investigator performed three ONSD measurements on
each eye of the patient and the mean of left and right eye
ONSD measurements was calculated to minimize intraobserver
variability. All patients underwent CT scan subsequently which
was reviewed by a radiologist blinded to the ONSD sonography
findings. CT measurements were performed and interpreted
within 15-30 min of measurement of ONSD. ONSD readings
and CT findings of the patient were then noted and analyzed.
Other variables noted were age, sex, clinical diagnosis, GCS,
hemodynamic parameters, RTS, mechanical ventilation, and
comorbidities. Data collected was analyzed and was compared
for any significant relation between various variables and
ONSD measurements.

Statistical analysis

Data was recorded, tabulated, and statistically analyzed
using SPSS version 21. Chi-square test was calculated and
P value >0.05 was considered significant. ROC curve was
plotted to determine optimal ONSD cutoff point that gives
the highest sensitivity and specificity values for this modality.

ResuLts

In this study, we enrolled a hundred neuro-trauma patients
who were admitted to Neurosurgery ICU and were detected to
have raised ICP during the study period. ONSD measurement
in these patients was done after taking informed consent
from their relatives, prior to their shifting to Radiology suite
for CT scan brain. Age distribution of the study group was
48.19 + 14.99 years. Minimum age was 19 years and maximum
age was 72 years. Maximum patients (42%) were of the age

Table 1: Age distribution of study participants with
respect to ONSD measurements

Age ONSD =5.0 mm Total  Chi-square P
(years) No Yes value

<20 1(1.9) 3(6.5) 4

21-40 20 (37.0)  12(26.1) 32 3.970 0.265
41-60 24 (44.4) 18 (39.1) 42

>60 9(16.7)  13(28.3) 22

Total 54 (100) 46 (100) 100

Figures in parenthesis indicate percentages
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group 41-60 years as shown in Table 1. Study participants
comprised of 81 male and 19 female patients. Age and gender
had no significant relationship with ONSD measurements.

Raised ONSD was found in 46% of patients and mean ONSD
of the study group with ONSD >5.0 mm was 5.6 + 0.3 mm
and with ONSD <5.0 mm was 4.1 + 0.3 mm and the highest
ONSD reading recorded was 5.9 mm [Table 2].

Most of the patients (86%) were involved in road traffic
accidents, followed by those involved in fall from height (12%)
and assault (2%). Distribution of study population with respect
to clinical diagnosis is shown in Figure 1. Raised ONSD
measurement was noted in 40% of patients with SDH, 70%
of patients with ICH, and 36% of patients with SAH and ICH
in this study population. The relationship of clinical diagnosis
at admission and raised ONSD was not significant.

Among the study population, 49% of patients had comorbidities,
9% had chest injuries, 2% had abdominal injuries, and 22%
had orthopedic injuries along with TBI. Out of 100 patients, 84
were mechanically ventilated and all the patients with raised
ONSD were already on mechanical ventilation. Comorbidities,
multiple injuries, and presence of mechanical ventilation
did not have any significant relation with raised ONSD.

and 45.7% were on inotropic support [Table 4] and the
relationship between systolic BP and inotropic support with
respect to ONSD is highly significant.

On CT scan examination of brain, features of raised ICP were
found in 44% of patients as confirmed by the radiologist and
there were 41 patients in whom raised ICP findings on ONSD
and CT scan corroborated and the relation between the two
was highly significant [Figure 2]. In patients with normal CT
scan (56 patients), only 5 patients showed increase in ONSD
above threshold level in this study.

Table 2: Distribution of Mean=Standard deviation of Age
and ONSD in study population

ONSD =5.0 mm i P
No Yes
Mean (cm) SD Mean (cm) SD
Age 46.98 13.79 48.24 16.00 -0.422 0.674
ONSD 0.41 0.03 0.56 0.03 -24274 0.000

Table 3: Relationship between GCS, RTS and ONSD
measurements

Findings of ONSD were compared with GCS of the patient Parameter ONSD =5.0 mm Total  Chi-square P
at the time of examination and it was observed that ONSD Yes No value
measurement was increased in patients with low GCS (3-8) GCS
and the relationship between GCS and ONSD readings was 3-5 24 (52.2) 0 24
highly significant (P-value = 0.000) as shown in Table 3. Out 6-8 21 (45.7)  21(38.9) 42 53.822 0.000
of 46 patients with raised ONSD, 82.6% had RTS <4 and >8 122)  33(61.1) 34 (HS)
the relation between RTS and raised ONSD was statistically Total 46 (100) 54 (100) 100
significant. RTS
<4 38 (82.6) 2(3.7) 40 64.746 0.000
Hemodynamic parameters and ONSD findings were 4.6 8(17.4)  48(88.9) 56 (HS)
compared and it was observed that approximately 25 patients =6 0 4(7.4) 4
had systolic BP <110 and out of 46 patients with raised Total 46 (100) 54 (100) 100
ONSD (ONSD >5.0 mm), SBP was lower in 43.5% of patients Figures in parenthesis indicate percentages
Table 4: Relationship between Hemodynamic parameters and ONSD
Variable Range ONSD =5.0 mm ONSD <5.0 mm Total Chi-square value P
HR <50 2(4.3) 1(1.9) 3
50-70 8(17.4) 6 (11.1) 14 3.318 0.506
70-90 14 (30.4) 17 31.5) 31
90-110 13 (28.3) 23 (42.6) 36
>110 9(19.6) 7(13.0) 16
Total 46 (100) 54 (100) 100
SBP <90 5(10.9) 0 5
90-110 15 (32.6) 5(9.3) 20 17.885 0.001
110-130 14 (30.4) 20 (37.0) 34
130-150 8(17.4) 22 (40.7) 30
>150 4(8.7) 7(13.0) 11
Total 46 (100) 54 (100) 100
Inotropes Yes 21 (45.7) 8 (14.8) 29
No 25 (54.3) 46 (85.2) 71 11.472 0.001
Total 46 (100) 54 (100) 100

Figures in parenthesis indicate percentages
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Out of 46 patients with raised ONSD (>5.0 mm), 41 patients
(89%) had CT findings of raised ICP while 5 patients (11%)
did not have finding suggestive of raised ICP [Table 5]. Some
of the patients had to undergo neurosurgery (32 patients,
72.7%) and others (12 patients, 27.2%) were managed with
pharmacological treatment of raised ICP.

The sensitivity of the bedside sonographic measurement ONSD
to detect raised ICP was found to be approximately 93.2% and
specificity was 91.1% when compared with CT scan. Positive
Predictive Value of the ONSD measurement to detect raised
ICP was 89.1% and the negative predictive value was 94.4%.
Accuracy of ONSD measurement was calculated as 92%.

As shown in Table 6, if the ONSD benchmark for raised
ICP is increased to 0.51 cm or 0.52 cm, then the specificity
increases but sensitivity decreases and if we lower the ONSD
threshold to 0.48 cm or 0.47 c¢m, then the sensitivity increases
but specificity decreases.

The ROC for the mean ONSD had a high ability to discriminate
between normal and high ICP, where the area under
curve (AUC) value was 0.972 [Table 7] and shows a good
separation between true positives and false positives. ONSD
benchmark of >5.0 mm has a good negative as well as positive
predictive value [Figure 3].

Table 5: Relationship of ONSD with respect to CT scan
findings

ONSD =5.0 mm Total  Chi-square P
Yes No value
CT Scan
Positive 41 (89.1) 3(5.6) 44 70.415 0.000
Normal 5(10.9)  51(94.4) 56 (HS)
Total 46 (100) 54 (100) 100

Figures in parenthesis indicate percentages

Table 6: Different cut offs and their sensitivity and
specificity calculations

ONSD in cm Sensitivity Specificity
0.46 0.95 0.88
0.47 0.95 0.89
0.48 0.93 0.89
0.49 0.93 0.91
0.50 0.93 0.93
0.51 0.91 0.96
0.52 0.89 0.98
0.52 0.86 0.98

Table 7: Area under the curve for ONSD
Final ONSD
Asymptomatic 95% confidence interval

Lower bound Upper bound
0972 0.020  0.000 0.000 1.000

Area Std. P
Error

Discussion

The optic nerve sheath is contiguous with the duramater,
and its contents are contiguous with the subarachnoid
space [Figure 1]. Thus, raised ICP leads to an increase in
the ONSD, which can further result in papilloedema.l!*! It
was observed that the ONSD increased by up to 60% at a
distance of 3 mm behind the globe as compared to other
distances.l' Studies have also shown that there was no
significant difference in measurement of ONSD by ultrasound
in lateral, axial, or transverse projection.'¥ High-frequency
transducers (>7.5 MHz) available in ultrasound machines
have made the measurements easier and more accurate for
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Figure 3: Receiver Operating Characteristic curve analysis of ONSD
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measuring ONSD.!" The technique used in determining ONSD
in our study was similar to the standard technique described
in the literature in various studies.['®!7] Ultrasonographic
measurement of ONSD is a noninvasive, bedside technique
to measure increased ICP in the hands of an experienced
operator. It is difficult to quantify experience, but it has been
suggested that ten scans with three abnormal scans should
be sufficient training for an experienced sonologist, whereas
in new ultrasound operators, 25 scans may be needed and
measurement of both eyes should be performed in less than
4 min."® We studied 100 patients and observed that age and
gender of the group had no significant relation with ONSD
findings. We also observed that raised ONSD findings had
significant relation with hemodynamic parameters, RTS and
GCS of the patient at the time of examination, which can be
explained by the pathophysiological effects of these variables
on intracranial pressure and ONSD. For comparing results of
ONSD, we chose CT as our reference standard for detection
of raised ICP, as CT scan of head is used on a daily basis
in clinical practice to detect raised ICP in many health care
facilities. Some other studies have also taken CT scan as the
reference diagnostic test.”'¥ Invasive monitoring of ICP is the
gold standard, but it needs neurosurgical expertise, requires
time for insertion and is not practiced in all institutions.!")

Comorbidities, multiple injuries, and presence of mechanical
ventilation did not have any significant relation with raised
ONSD in our study. As compared to other studies, the
present study included a larger number of patients enrolled
with traumatic brain injury (n = 100) as well as maximum
number of ONSD readings concurrently. It was observed
that ultrasound-based ONSD estimation had a good
sensitivity (approximately 93.2%) and specificity (91.1%)
when compared with CT scan and can reliably predict raised
ICP in neuro-trauma patients. Positive predictive value of
the ONSD measurement to detect raised ICP was 89.1% and
negative predictive value was 94.4% with an accuracy of 92%.
Other studies have also demonstrated significant correlation
between ultrasonographic measurement of ONSD and the
presence of intracranial hypertension.['*!¥] In the study by
Kimberly et al., direct measurement of ICP compared with
ultrasonographic assessment through ONSD demonstrated
significant correlation between values of ICP catheter and
ONSD with a sensitivity of 88% and specificity of 93%.1
Tayal et al. in their study reported that sensitivity of ONSD for
detecting elevated ICP was 100% and specificity was 63%.!"%
In another study on comparing ONSD measurements with
CT Head findings of raised ICP, a sensitivity of 100% with
specificity of 95% for an upper limit cut off value of 5 mm for
normal ONSD was reported.!'!! These studies also emphasized
that ONSD >5 mm correlates well with [CP more than 20 cm
of water.['*!8] Rajajee et al. reported that for the detection of
ICP >20 mmHg, the optimal ONSD was >0.48 cm with a
sensitivity of 96% and specificity of 94%."

In our study, we also took binocular ONSD <5.0 mm as
a reference standard and ONSD >5.0 mm was considered

abnormal. As shown in Table 5, when ONSD benchmark
for raised ICP is increased to 0.51 ¢cm or 0.52 cm, then the
specificity increases but sensitivity decreases and if we lower
the ONSD threshold to 0.48 cm or 0.47 cm, then the sensitivity
increases but specificity decreases. The ROC for the ONSD
readings had an AUC value of 0.972 and showed a good
separation between true positives and false positives.

This reflects that ultrasonographic measurement of ONSD
may be a good surrogate of invasive ICP measurement or
other imaging methods. This noninvasive method may be
an alternative and quick approach to predict the ICP value
of patients whose ICP measurement via lumbar puncture
is difficult (in high risk such as hemodynamically unstable
patient).l'”] It was reported in a study that both ONSD
ultrasonography and straight sinus systolic flow velocity
are strongly correlated with invasive ICP. Robba et al. also
remarked that ultrasonographic measurement of ONSD is
noninvasive, safe, and quick as the orbital window is easily
seen and has no complications.?”!

CT scan of brain requires time for transferring the patient to the
radiology department and resources and in certain emergency
situations, there is lack of time. Rapid diagnosis of elevated
ICP through ultrasound-guided ONSD measurement can result
in early detection in TBI and will further prevent secondary
brain injury. A large study showed that management based on
measurement of ICP by intracranial catheter had no additional
benefit compared to management based on clinical and imaging
findings alone.?!! At our institute, we do not practice invasive
monitoring and in suspicion of raised ICP in patients, repeated
CT scans are done. In such health care facilities, ONSD can be
very helpful in early detection of raised ICP so that measures
to reduce ICP can be initiated quite early. Therefore, ONSD is
a valuable modality in determining the severity of raised ICP,
deciding next line of treatment, referring to higher centers, in
disasters, or when CT scan is unavailable and where the referral
center or a tertiary care center is at longer distance.

Limitations

The main limitation of this modality is that there is wide
interobserver variability in measurements though this can
be minimized with training and experience. The investigator
was blinded to the CT findings, but knew about the clinical
condition of the patient or diagnosis. It essentially is an indirect
assessment of raised ICP rather than actual measurement of
ICP. Ultrasonographic assessment of ONSD is not a continuous
assessment of raised ICP and needs to be repeated in patients
who are at increased risk of raised ICP. Ocular trauma, optic
nerve injury, and neuritis were few of the conditions where
this modality was not used.

CONCLUSIONS

ONSD assessment through ultrasound has good sensitivity and
specificity and has good correlation with CT scan brain for
determining raised ICP. It has a good accuracy and it can be
used in screening for raised ICP in patients with TBI, especially
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in hemodynamically unstable nontransferable patients. It is also
helpful in early initiation of treatment of raised ICP. It is a quick,
bedside, noninvasive, cost-effective method and is devoid of
ionizing radiation. It can be used for repeated re-evaluation
of cases and in other patients with neurological illnesses and
hepatic encephalopathy, and also in situations where CT scan
is not available or shifting the patient is not possible.
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