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Abstract

Aim: The noninvasive B-mode transocular ultrasound
(TOU) measurement of the optic nerve sheath diameter
(ONSD) is becoming popular to monitor intracranial
pressure (ICP). Different studies report varied values for
normal ONSD. Our primary aim was to find the TOU-
measured normal ONSD in healthy adult Pakistanis

living in Islamabad Capital Territory (ICT).

Methodology: One hundred healthy adult volunteers
participated in this cross-sectional study, conducted at
the Pakistan Atomic Energy Commission (P.A.E.C.)
General Hospital, Islamabad. Each eye was scanned for
the optic nerve (ON) via TOU using a B-mode 7-15
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MHz linear probe. The investigators measured ONSD in
a transverse plane three millimeters behind the retina.
They recorded an average of three readings as a mean
ONSD value for both eyes.

Results: The overall normal mean ONSD was 4.80+0.26
mm with a minimum of 4.25 mm and a maximum of
5.20 mm. The mean ONSD for the age group of 20-35
years was 4.79+0.27 mm and for 36-50 years, it was
4.81+0.24 mm (p = 0.7952), for the male eye it was
4.8310.26 mm and for the female eye was 4.75+£0.25 mm
(p = 0.1238), and for the right eye was 4.79+0.27 mm
and for the left eye was 4.80+0.26 mm with (p = 0.2434)
and (r = 0.9455). There was no statistically significant
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difference in the mean ONSD of the four ethnic groups

(p = 0.7141).

Conclusion: The normal mean optic nerve sheath
diameter in the studied healthy adult Pakistanis, as
measured through noninvasive B-mode transorbital

ultrasound is 4.80+0.26 mm.

Keywords: B-Mode TOU; Transocular Ultrasound;
Transorbital  Ultrasound; Point-of-Care  Ultrasound
(POCUS); Optic Nerve Sheath Diameter (ONSD);
Intracranial Pressure (ICP); Intracranial Hypertension
(ICH)

1. Introduction

Intracranial hypertension (ICH) is a critical complication
of many neurologic and non-neurologic conditions [1]. It
demands a thorough evaluation, and with early detection,
continuous monitoring, and appropriate management, we
can alleviate the grave consequences of secondary brain
injury [1]. There are several methods, invasive and
noninvasive, to assess ICP [2-5]. The gold standard is
direct intraventricular ICP monitoring using an extra-
ventricular drain (EVD) through a burr hole [1-5].
However, there is increasing popularity  of
ultrasonography being a noninvasive, low-cost, easily
available, and quick imaging modality for assessing ICP
indirectly via transcranial Doppler (TCD), and via B-
mode transocular (or transorbital) ultrasound (TOU) [3-
7]. One can perform point-of-care ultrasound (POCUS)

wherever a patient is under treatment [7-10].

Literature supplies a detailed account of techniques,
clinical applications, and limitations of the B-mode TOU
of ONSD [4-10,11-21]. Overall, there is satisfactory
reliability of the B-mode TOU to measure the ONSD
[16]. Several human studies from different parts of the
world report a significant correlation between the ONSD
and ICP [7,8,17]. However, there is no established
consensus among these studies for a normal mean
ONSD, and also for an optimal upper limit of the normal
[7,8,17,18]. The reasons for the varied values of TOU-
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measured reportedly normal ONSD and cut-off values

might be attributed to equipment, technique, patients’
gender, age, ethnicity, and right or left eye [7,8,17,22].
Therefore, a knowledge of the range and mean normal
human ONSD would help in finding the reliable standard
reference values and delimiting an optimal cut-off value
for indicating a rise in ICP and saving the patients from

complications ICH.

There is a good deal of world literature on different
aspects of TOU-measured ONSD, however, there are
fewer studies from our country Pakistan [12,23-27].
Asghar et al. and Rehman et al. have reported
measurements of ONSD in healthy subjects, but without
consideration of local major ethnic groups [12,23]. The
current single-center hospital-based cross-sectional study
reckons the patients’ age, gender, ethnicity, and right or
left eye while recording the observations. The primary
objective of this study was to find the TOU-measured
range and the mean normal ONSD in healthy adults in a
diverse section of the local Pakistani population living in
the ICT. The secondary outcome gained was an expected
upper limit which could probably predict a rise in ICP to

save the patient from the grave consequences of ICH.

2. Participants and Methodology

This was a single-center cross-sectional study, conducted
in the Radiology Department of the tertiary-care
P.A.E.C. General Hospital, Islamabad from 1st April
2017 to 30th August 2017. The Hospital Ethical
Committee  approved the study proposal and
investigators adhered to the World Medical Association
Declaration of Helsinki. An earlier Pakistani study found
normal ultrasound measured ONSD in 100 healthy
volunteers, but without forming age or ethnic groups
[13]. Therefore, the current study also targeted one
hundred healthy adult Pakistani volunteers to make a

closer comparison.

2.1. Sampling and sample
Investigators used consecutive non-probability sampling

with the 95% confidence interval and a standard
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deviation of 0.30. A strictly precise sample size

calculation was not easy as it was difficult to estimate
age, gender, and ethnicity related variations for ONSD in
the Pakistani population. The 100 participants belonged
to the four major ethnic groups (Punjabi, Sindhi,
Pashtun, and Baluchi) of the Pakistani population living
in the ICT. All the participants signed an informed
written consent after getting an explanation about the
study. The sample included hospital staff,
attendants/relatives of patients. The investigators
acquired a detailed history. The participants underwent a
thorough medical, neurological, and ophthalmological
assessment. The study excluded individuals with
comorbidities such as  hypertension,  diabetes,
malignancy, neurological or ophthalmological problems,
and a previous episode of head and/or ocular trauma. It
also excluded individuals with a history of acute medical
illness in the past month, requiring hospital admission.
The participants were divided into separate groups to
correlate and compare the possible differences among
them. There were two groups by age, two by gender,
four groups by ethnicity, and two by the right and the left

eye, as presented in the tablel.

2.2 Imaging and measurement for ONSD
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Earlier studies have explained the TOU scanning and

ONSD measuring techniques and their limitations in
sufficient detail [4-15]. For this study, an investigator
with less than five years of experience in radiology
performed the transorbital ultrasound on GE Logiq S8
(General Electric Medical Systems, Milwaukee, WI,
USA) machine using a high-resolution multi-frequency
7-15 MHz linear-array transducer. The subjects were
lying relaxed, supine, and eyes closed but “looking
straight” in a neutral position. The operator applied the
gel and gently placed the ultrasound probe in the
parasagittal and transverse planes on the temporal aspect
of the closed upper eyelid with a suitable angulation
orienting the ultrasound beam to image the linear
hypoechoic optic nerve behind the eyeball. The operator
then measured ONSD in a transverse plane as the
distance between the external margins of the hyperechoic
borders 3 mm behind and perpendicular to the axis of the
retina at the point of entry of the optic nerve into the
globe using electronic calipers in the frozen image.
Figure 1 illuminates the imaging method. The operator
took three values for ONSD from each eye and recorded
an average of three readings as an outcome for each
participant. A radiologist with more than ten years of
experience supervised the examination and measurement

process.

Figure 1: Imaging examination and measurement method
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2.3 Statistical analysis

The Statistical Package for Social Sciences (SPSS)
version 20.0 (IBM Corporation, New York, USA) was
deployed for data analysis. The basic descriptive
statistics like minimum, max, mean + SD (standard
deviation), median and quartiles, and 95% percentile for
variables, i.e., age and ONSD of all volunteers were
calculated. The frequencies for categorical variables, i.e.,
gender, age groups, and ethnicity were computed. The
paired t-test compared the ONSD of the right and left
eyes. An independent sample t-test compared the ONSD
between two age groups and genders, but the authors
applied ANOVA to compare ONSD among different
ethnic groups. The tables were prepared for ONSD
considering age, gender, ethnicity, and side of
measurement. The p-value of < 0.05 was statistically
significant. The authors have adopted the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) checklist to report their research [28].

DOI: 10.26502/fjor.2644-00240027

3. Results

One hundred healthy adult volunteers Pakistanis living in
ICT were studied. The mean age of the sample was
34.2+8.79 years with a minimum and maximum age of
20 and 50 years respectively. Males (59%) and Punjabis
(60%) were in the majority. Sindhi (5%) and Baluchi
(3%) subjects were in a lesser number. A bigger
sampling error is likely to occur when we acquire data
from a smaller sample. However, there was no
statistically significant difference in mean ONSD among
diverse groups. This was depicted by P-values, for the
age (p = 0.7952), gender (p = 0.1238), ethnic groups (p =
0.7141), and between the right and left eye (p = 0.2434).
The tablel shows the comparison of ONSD according to
demographics and side of measurement. Table 2
illustrates the descriptive statistics and analysis of age
and right and left eye ONSD.

Table 1: Mean ONSD in age, gender, ethnicity, and side of measurement groups

Subjects Mean ONSD Standard P-value
Deviation
Age Group 1 (20-35 years) (n=57) 4.79 0.27
0.7952
Age Group 2 (36-50 years) (n=43) 4.81 0.24
Males (n=59) 4.83 0.26
Females (n=41) 4.75 0.25 0.1238
Punjabis (n=60) 4.82 0.26
Pashtuns (n=32) 4.79 0.24
0.7141
Sindhis (n=5) 4.63 0.33
Baluchis (n=3) 4.78 0.36
Left Eye (n=100) 4.80 0.26
0.2434
Right Eye (n=100) 4.79 0.27
Journal of Ophthalmology and Research Vol. 3 No. 3-December 2020 89
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Table 2: Descriptive statistics of age, and left and right eye ONSD

Descriptive Statistics Age in | ONSD in millimeters (mm)
years Left Right | Average

Minimum 20.0 4.10 4.40 4.25
Mean 34.2 4.80 4.79 4.80
Maximum 50.0 5.20 5.20 5.20
Range 30.0 1.10 0.80 0.95
Standard Deviation (SD) | 8.79 0.26 0.27 0.26
Standard Error (SE) 0.879 0.026 0.027 | 0.029
Quartile 1 27.0 4.60 4.60 4.6
Median 34.0 4.80 4.70 4,775
Quartile 3 42.0 5.00 5.00 5.1
Interquartile Range 15.0 0.40 0.40 0.45

Lower L | 32.7 4.75 4.74 4.75
Cl (95%)

Upper L 36.0 4.85 4.85 4.85
C1 (99%) Lower L | 31.9 4.73 4.72 4.73

Upper L 36.5 4.87 4.86 4.87

Figure 2 shows a bell-shaped unimodal curve with the symmetric distribution of ONSD data values acquired from healthy

adult Pakistanis living in ICT, clustered on either side of the mean

Normal Distribution Density Curve
Healthy Adult ICT Pakistanis ONSD
Mean = 4.8. Std. Dev. = 0.26

34.15% 34.15%

4 4.2 4.4 4.6 4.8 5 52 54 5.6
ONSD (mm)

Figure 2: Normal Distribution Density Curve of ONSD in Healthy Adult ICT Pakistanis
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Figure 3: Relationship between the ONSD reading from left and right eyes

Figure 3 shows that the readings from both eyes were
statistically almost the same as shown by the linear
trend. The linear regression model had an R2 of 0.894,
which means the model was explaining 89.4% of the
variation in the dependent variable. There was a high
correlation between the ONSD readings from both
eyes (r =0.9455). The paired t-test showed comparable
results of insignificant statistical differences bilaterally.
Therefore, the authors recorded an average ONSD

reading from both eyes.

In the current study, the overall normal mean ONSD was
4.80£0.26 mm with a minimum of 4.25 mm and a
maximum of 5.20 mm. There was no statistically

significant difference in the mean ONSD among diverse
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groups. The data values were evenly distributed around
the mean. The 95% confidence interval (CI) was
between 4.7 mm to 4.85 mm. As the estimated upper
limit of 95% CI was 4.85 mm, ultrasound measurements
of ONSD above this limit lead to the 95% probability of
ONSD being abnormal. The estimated upper limit of
99% CI was 4.87 mm, and ultrasound measurements of
ONSD above this limit lead to the 99% probability of
ONSD being abnormal. Therefore, further investigations
into the effects of raised intracranial pressure should be
recommended to patients with suspicion of ICH having
the ONSD measuring above confidence intervals. Figure
3 shows a summary of the study, according to the
STROBE statement checklist.
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Total study subjects from source ICT population
(n=100) (mean normal ONSD = 4.80+0.26 mm)
(Range = 4.25-5.20 mm) (95% CI = 4.85 mm)

Age = 20-35 Y (n=57)
(Mean ONSD = 4.79+0.27

Male (n=59)

Age = 36-50 Y (n=43)
(Mean ONSD = 4.81+0.24

Female (n=41)

(Mean ONSD = 4.83+0.26

Right Eye (n=100)

(Mean ONSD = 4.75+0.25

Left Eye (n=100)

(Mean ONSD = 4.79+0.27

(Mean ONSD = 4.80+0.26

J/

\

Y
Punjabi (n=60) Pashtun (n=32)
(Mean ONSD=4.82+0.26 (Mean ONSD=4.79+0.24

LN

Sindhi (n=5) Baluchi (n=3)
(Mean ONSD=4.63+0.33 (Mean ONSD=4.78+0.36
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Figure 4: Summary of the study, according to the STROBE statement checklist

4. Discussion

As already described, there is no convincing agreement
among the researchers, both outside and within Pakistan,
for a normal mean ONSD, and also for the best possible
upper limit of the normal ONSD which can indicate a
rise in ICP and predict ICH confidently. The authors
have primarily found the range and the mean normal
ONSD in 100 healthy adults from a section of the
Pakistani population comprising the four major ethnic
groups living in the ICT. The secondary outcome of the
study was an expected upper limit of ONSD. The Sindhi
and Baluchi subjects were less. A bigger sampling error
is likely to occur when we acquire data from a smaller
sample. However, the findings were generally
independent of age, gender, ethnicity, and left or right
eye. The results of the current study show an overall
mean normal ONSD of 4.80+0.26 mm with a range of
4.25 to 5.20 mm. The expected upper limit of 4.85 mm
can possibly predict raised ICP in the Pakistanis.
Therefore, any measurement above this level warrants

other investigations for patients suspected of ICH.

Schroeder et al. [17] carried out a systematic review and
meta-analysis of (final) 39 studies with cumulatively

2,927 healthy subjects, and 5,854 eyes, and reported a
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pooled mean ONSD measurement of 4.78 mm (95% ClI,
4.63-4.94 mm), with no significant differences in the
various geographic regions, in 34 studies. The mean
ONSD in the current study is closer to that, however,

with a slightly wider range.

A study from Turkey [9] reported an ONSD of 4.1+0.5
mm for the group of 50 adults with a normal head CT,
and the cut-off value was 4.5 mm in the presence of
intracranial pathology. A study of healthy adult Nepalese
[13] had a range of 3.1 to 4.6 mm and a median value of
4.1 mm for normal ONSD. The Bangladeshi study [29]
reported a median ONSD of 4.41 mm, 95% of values
falling between 4.25 to 4.75 mm, in 136 healthy children
(12.5% <16 years), and adults. A study of 500 healthy
subjects of South India [30] showed a mean ONSD for
males 4.5-5.1 mm (4.8+0.3 mm) and females 4.7-5.1 mm
(4.9£0.2 mm). A Chinese study [12] reported a mean
ONSD of 5.1 + 0.5 mm and the 95th percentile of 5.9
mm in 519 healthy volunteers. In comparison to these
regional studies, the values for the normal ONSD in the
current study were similar to those reported from India
[30].
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Asghar et al. [12] studied 100 healthy volunteers in

Karachi without forming age groups. They described that
95% of the study sample had an ONSD <4.82 mm.
Rehman et al. [23] studied 52 subjects in Rawalpindi and
compared the mean ONSD in patients with idiopathic
intracranial hypertension (I1H) to ONSD in a normal
control group. They reported a mean ONSD of
4.33+£0.38 mm in the normal group. A study of 26 tumor
patients in Karachi [24] to decide the pre-anesthetic
status of ICP by ONSD, reported 5.0 mm as an upper
limit of ONSD. In another study of 100 mass-effect-
stroke intensive care unit (ICU) patients in
Islamabad, [25] the authors expressed an ONSD >5.8
mm as the cut-off limit. In a study of 60 traumatic brain
injury (TBI) patients conducted in Rawalpindi, [26]
described an ONSD >5.0 mm as a cut-off value. In
another Karachi study, [27] of 48 pediatric patients
authors reported a threshold of ONSD in infants >4.0
mm, in children of 1-10 years >4.71 mm, in adolescent
>10 years >5.43 mm for raised ICP. Among these
Pakistani studies, the normal ONSD values in the current
study are comparable to those reported by Asghar et al
[12].

This was a cross-sectional study of B-
mode transocular ultrasound measurements of normal
optic nerve sheath diameter in healthy adults.
The volunteers belonged to four major ethnic groups of
the Pakistani population living in ICT. The investigator’s
experience of fewer than 5 years fits the anticipated
expertise of a non-radiologist. This was a significant
study because the local standard of the mean reference
value of normal ONSD will help in early detection and
saving patients from complications of intracranial

hypertension.

5. Limitations

The same investigator took and recorded all readings;
therefore, we could not assess the interobserver
variability. We have not compared our results with
studies using MRI or CT scans, which because of higher

spatial resolution may provide a better image and
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measurement of ONSD. A comparison of directly

measured ICP can better validate the correlation between
TOU-measured ONSD and ICP. A-scan was not
considered. The available sample age range of 20-50
years was narrow. We tried to include the four major
ethnic groups of the Pakistani population, however, a
comparable number of subjects from all ethnic groups

were not available for this small study.

6. Recommendations

We would recommend the use of TOU-measured ONSD
as a POCUS screening tool for all patients suspected of a
raised ICP. We would also recommend using the ONSD
values of the current study as the baseline for future
reference in large multi-center human studies, especially
in our country, to validate the use of TOU of ONSD in
ICH patients.

7. Conclusion

The TOU-measured ONSD in 100 healthy adults form a
section of the Pakistani population comprising the four
major ethnic groups living in the ICT shows a mean
value of 4.80+£0.26 mm, a range of 4.25 to 5.2 mm, and
an expected upper limit of 4.85 mm. There is no
statistically significant difference in ONSD for the
patient's age, gender, ethnicity, and right or left eye.
Measurements beyond the upper limit warrant additional
investigations to find raised ICP in patients suspected of

ICH, and to avoid potential brain injury.
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