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Abstract

Background
Measurement of optic nerve sheath diameter (ONSD) provides a rapid, safe, and easy method for
detecting increased intracranial pressure (ICP). However, normal mean and upper limit values may vary
according to age, sex, ethnicity, and ultrasound laboratory.

Aim
We aim to obtain the mean of ONSD in a healthy Colombian adult population and correlate it with
demographic and anthropometric measures.

Methods
In a prospective study using a 10-13MHz linear ultrasound probe, transverse bulb diameter (TBD) and
ONSD in transverse (ONSD-TP) and sagittal plane (ONSD-SP) were measured in healthy adults volunteers
in Bogota, Colombia.

Results
A 100 healthy subjects were included, mean age 26,7 ± 8,3 years with 62 women. For 95% of the subjects
the mean TBD, ONSD-TP and ONSD-SP was 23.11mm (CI: 22.90mm-23.32mm), 3.96mm (CI: 3.85mm-
4.07mm) and 4.0mm (CI: 3.90mm-4.11mm) respectively. ONSD in both planes ranged from 2.35mm to
5.20mm. There was a correlation between ONSD-SP and ONSD-TP (p < 0.0001) but no correlation
between ocular measures and demographic or anthropometric variables (p > 0.05). Intraclass correlation
between eyes was statistically signi�cant.

Conclusion
Our study shows that ultrasound measured ONSD in healthy adults in Colombia is similar to those found
worldwide. An ONSD of 5.5mm may be considered the upper limit for healthy adults in Colombia. ONSD
could be measured in either plane, there is a good correlation between the two eyes and ONSD is not
modi�ed by demographic or anthropometric characteristics.

Background
Increased intracranial pressure (ICP) is a common complication of many neurological and systemic
disorders. Its presence carries an unfavorable visual and neurological outcome, with an increased risk of
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mortality(1). Early detection, monitoring and treatment of ICP are associated with better outcomes and
decreased mortality (2). Nowadays, a variety of invasive and noninvasive techniques to diagnose and
monitor ICP are been implemented; however, invasive methods require highly quali�ed personnel,
expensive equipment, and carry a risk of serious complications of infection, brain hemorrhage and
catheter malfunction between 6% and 32.8%(3).

Among the noninvasive methods, ultrasound (US) measurement of the optic nerve sheath diameter
(ONSD) provide a faster, safer, easier to perform and real-time assessment; with a good correlation with
papilledema and measured intracranial pressure (4, 5). As ICP increases, the subarachnoid space around
the optic nerve expands, and on US, protrusion of the optic nerve head and increased ONSD are become
evident.

Nevertheless, diagnosis of increased ICP by US measured ONSD requires knowledge of normal
parameters and cut-off values. Normal mean and upper limit of the ONSD on US have been previously
established in different healthy populations. US ONSD measurements are taken at 3 mm behind the
posterior globe margin, from inner-edge to inner-edge of the optic nerve sheath. In healthy adults ONSD
measurements of up to 5 mm have been considered normal. Measurements > 5 mm (bilaterally) are
correlated with ICP above 20 mmHg, with a linear association up to 7.5 mm, at which the diameter
appears to plateau. However, these values vary according to age, sex, ethnicity and US laboratory (6, 7).

To the best of our knowledge, there is scarce information on normal values of ONSD in healthy adults
from Colombia and Latin American (8).The aim of this study was to obtain the mean of US measured
ONSD, in transverse and sagittal plane, in healthy adults volunteers; and correlate the values with the
demographic and anthropometric characteristics of the studied subjects.

Material And Methods
A prospective descriptive study was carried out between January 2021 and July 2021 at Fundacion
Cardioinfantil in Bogotá, Colombia. Due to the current pandemic, biosafety measures as required by the
hospital, local and national authorities were applied in all protocol tasks.

The study was approved by the institutional research ethics committee (Approval number: CEIC-4472-
2021) and prior written informed consent was provided by all included subjects.

Participants
Healthy adult volunteers aged 18 years and older, with no past or current neurological or neuro-
ophthalmological disease and normal neurological exam were included. Subjects with a disease,
condition or treatment that could interfere or alter, as deemed by the investigators, with US measurements
or intracranial pressure were excluded. The study subjects consisted mainly of medical students and
institutional workers.
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For all included subjects the following data were obtained: age, sex, height, weight, Body Mass Index
[BMI] head circumference [HC]), blood pressure, heart rate, body temperature, current symptoms, COVID-
19 symptoms, and past medical history before the US procedure. A detailed direct bilateral fundoscopy
was performed in each of the studied subjects. The height was measured in meters with a standard wall-
meter, the weight was measured in kilograms with a calibrated o�ce electronic weight and the HC was
measured with a standard non elastic meter at the widest possible occipitofrontal circumference.

Optic nerve sheath Ultrasound
ONSD Ultrasound measurement was performed using a portable Edge Sonosite Fuji�lm ecographic
system. A standard orbital bidemensional (2D) imaging mode with a 10–13 MHz linear US probe at
maximal gain, 6 cm of depth and 0 in the grey scale was used. The system’s error in the B mode within
the interval of 0–26 cm in axial, lateral and diagonal distance is of <+/-2%. All ocular measurements were
performed with the subjects in supine position with the head at 30 degrees elevation. The probe was
applied to the upper closed eyelids with coupling gel, in the superolateral margin of the orbit and eyes in
primary gaze. The right eye was assessed �rst, maximal transverse bulb diameter (TBD) is measured
(Fig. 1) followed by ONSD in transverse plane (ONSD-TP) at 3 mm behind the posterior globe margin. The
probe is then rotated 90 degrees and the ONSD in the sagittal plane (ONSD-SP) measured at the same
distance. The ONSD were measured from inner-edge to inner-edge of the optic nerve sheath Fig. 2. The
procedure is repeated for the left eye. Two measures were taken at each position in both eyes; the mean
of each measurement was calculated in order to minimize intra-observer variability.

Statistical Analysis
Quantitative variables were reported as mean and standard deviations, whereas qualitative variables were
reported as absolute and relative frequencies. In order to estimate mean of TBD, ONSD-TP and ONSD-SP
across both eyes, we used random effect model to account for correlation of measures for both eyes for
a given patient. From this we were able to obtain an adjusted mean estimate for the parameter of interest
as well as the intraclass correlation coe�cient. In a further analysis, we aimed to evaluate marginal
associations between physiologic characteristics and ocular parameters, this was done with mixed linear
models. Al statistical analysis were done in software R version 4.1.1.

Results
From 100 healthy included volunteers, mean age was 26.7 ± 8.3 years, 62 were women. Weight, height,
BMI, and HC mean for all included subjects were 65.5 ± 12.5 kg, 167.4 ± 9.9 cm, 23.3 ± 3.4 kg/m2 and
56.0 ± 2.6 cm, respectively.

The transverse bulb diameter (TBD) measures ranged from 20.50 mm to 29.20 mm. The ONSD-TP
measures ranged from 2.35 mm to 5.15 mm and for ONSD-SP from 2.60 mm to 5.20 mm. For TBD,
ONSD-TP and ONSD-SP 95% subjects exhibited a mean of 23.11 mm (CI: 22.90 mm-23.32 mm), 3.96 mm
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(CI: 3.85 mm-4.07 mm) and 4.0 mm (CI: 3.90 mm-4.11 mm) with intraclass correlation between eyes of
0.73, 0.84 and 0.88, respectively Table 1.

There was a strong correlation between ONSD-SP and ONSD-TP (p < 0.0001) but there was no difference
between mean BDT, ONSD-SP and ONSD-TP in terms of age, gender, weight, height, BMI, and HC (p > 
0.05).

Table 1
Ultrasound measurements in 100 subjects.

  mean ± SD (95%IC) mínimum máximum

BTD (mm) 23.11 ± 0.42(22.90-23.32) 20.5 29.2

ONSD-TP (mm) 3.96 ± .0.21(3.85–4.07) 2.35 5.15

ONSD-SP (mm) 4.0 ± 0.20(3.90–4.11) 2.6 5.2

Discussion
In an adult healthy volunteer population in Bogota, Colombia, using orbital US we obtained a mean
ONSD-TP of 3.96 mm (95% CI: 3.85 mm-4.07 mm) and a mean ONSD-TP of 4.0 mm (95% CI: 3.90 mm-
4.11 mm). The range ONSD-TP and ONSD-SP were 2.35 mm to 5.15 mm and from 2.60 mm to 5.20 mm,
respectively. We found a strong correlation between ONSD-TP and ONSD-SP (p < 0.0001), intraclass
correlation between eyes was statistically signi�cant and comparable with previous reports(9). We did
not �nd any statistical association between age, sex, BMI, HC and US measures of ONSD (p > 0.05), as
have been showed in a recent systematic review and metanalysis (8). None of ONSD in either plane in
this healthy adult population was greater than 5.2 mm.

Previous studies of US ONSD measures in healthy population (children and adults) are in the range of 2.2
to 5.4 mm. In 67 subjects in United Kingdom the range was 2.4–4.7 mm (mean 3.2–3.6 mm) in 26
subjects in Greece was 2.2–4.9 mm (mean 3.6 mm) and in 136 subjects in Bangladesh was 4.24–4.83
mm (mean 4.41 mm) (10). Higher values of US ONSD have been found in studies in Iran, (range 3.8–5.4
mm, mean 4.6 mm) China (range 4.7–5.4 mm, mean 5.1 mm) and Korea (range 4.6–5.2 mm, mean 4.9
mm) (5). US cut-off values of ONSD for diagnosis of increased ICP have ranged from 4.1 to 5.7 mm with
a good correlation with invasive measures. Cut-off measures of US ONSD of 4.7 to 5.7 mm for increased
ICP show a sensitivity of 70–100% and speci�city of 31.9–100% (11).

US ONSD measures have shown minimal inter-observer and eye to eye variations. Inter-observer variation
is +/-0.2-0.3 mm and differences in measures between the axial and sagittal plane of US ONSD are in the
range of 0-0.3 mm (mean 0.15 mm)(12). The learning curve for performing an optimal orbital US ONSD
measure is between 10 to 25 scans(13). According to the studies mentioned above ONSD in US does not
vary in relation to age, weight, and height. A study including HC, did not �nd a relation between ONSD and
HC (14). But ONSD may vary in relation to sex and ethnicity (7).



Page 6/9

Although, studies have reported on many parameters of US ONSD in healthy populations, no world
consensus exists on normal US ONSD measures and cut-off values for diagnosis of ICP (15). Knowledge
of the normal range of US ONSD in healthy local population is essential to interpret the results. Based on
the results of our study, previous research and expected deviations when measuring US ONSD, we
proposed normal values in Colombian healthy adults of 2.35–5.20 mm and cut-off value for diagnosing
increased ICP of 5.5 mm.

The study has strengths and limitations. To the best of our knowledge, this is the �rst study with
exclusively a Latin-American subjects (8). Relationships between demographic (age, gender) and
anthropometric (weight, height, BMI, and HC) variables with US ONSD were analyzed. The sample size is
robust and there was careful exclusion of subjects with potential pathologic ONSD. Subjects were
examined in a systematic and standardised fashion by trained physicians.

This study has some limitations. The mean age of our patient was 26.7 ± 8.3 years; and some authors
have suggested the possible in�uence of ageing and brain atrophy on ONSD. However, previous studies
have shown that ONSD remains similar during adult life and do not vary even in healthy adults aged 65
years or older(16). Second, the inter-observer variability was not analyzed as investigators measured
ONSD in different volunteers. A direct measurement of ICP was not performed, and how the upper values
of US ONSD correlate with ICP could not be determined. Also, for comparisons measurement of ONSD
through other non-invasive method were not carried out. Finally, the lack of studies in healthy adult Latin-
American populations limit out possibility for comparison. Despite the limitations mentioned and the
knowledge that further research is needed for on the US ONSD and its correlation to increased ICP; our
study should be perceived in the building of normative data for Latin-American US laboratories.

Conclusion
US measurement of ONSD is a quick, non-invasive, and easy to perform bedside method to diagnose and
monitor increased ICP. As there is no world consensus on normal parameters of ONSD, US laboratories
should strive to build normative data that allow clinicians to interpret the results of the scans. We
consider that 5.5 mm should be use as the upper limit of normal US ONSD in Colombia. More research
and training are needed in the measurement of ONSD by US in Latin-America.

Abbreviations
ONSD: Optic nerve sheath diameter; ICP: Increased intracranial pressure; TBD: Transverse bulb diameter;
ONSD-TP: Optic nerve sheath diameter-Transverse plane; ONSD-SP: Optic nerve sheath diameter-Sagittal
plane; US: ultrasound; BMI: Boddy mass index; HC: Head circumference. 
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Figure 1

The TBD was measured in the section showing maximal transverse diameter of the eyeball.

Figure 2

The ONSD were measured 3 mm behind the papilla from inner-edge to inner-edge of the optic nerve
sheath surrounding the optic nerve. 


