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The measurement of optic nerve sheath diameter (ONSD) has been reported as
a non-invasive marker for intracranial pressure (ICP). Nevertheless, it is uncertain
whether possible ONSD differences occur with age and sex in healthy and brain-injured
populations. The aim of this study was to investigate the effects of sex and age on ONSD
in healthy volunteers and patients with traumatic brain injury. We prospectively included
122 healthy adult volunteers (Galliera Hospital, Genova, Italy), and compared age/sex
dependence of ONSD to 95 adult patients (Addenbrooke’s Hospital, Cambridge, UK) with
severe traumatic brain injury (TBI) requiring intubation and invasive ICP monitoring. The
two groups were stratified for sex and age. Age was divided into 3 subgroups: (1) young
adults: 18-44 years; (2) middle-aged adults: 45-64 years; (3) old adults: >65 years. In
healthy volunteers, ONSD was significantly different between males and females [median
(interquartile range): 4.2 (3.9-4.6) mm vs. 4.1 (3.6-4.2) mm (p = 0.01), respectively] and
was correlated with age (R = 0.50, p < 0.0001). ONSD was significantly increased in
group 3 compared to groups 2 and 1, indicating that ONSD values are higher in elderly
subjects. In TBI patients, no differences in ONSD were found for sex and the correlation
between ONSD and age was non-significant (R = 0.13, p = 0.20). ONSD increases
with age and is significantly larger for males in healthy volunteers but not in TBI patients.
Different ONSD cut-off values need not be age- or sex-adjusted for the assessment of
increased ICP in TBI patients.

Keywords: optic nerve sheath diameter, ultrasonography, traumatic brain injury, intracranial pressure, healthy
volunteers

Frontiers in Neurology | www.frontiersin.org

1 August 2020 | Volume 11 | Article 764


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2020.00764
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2020.00764&domain=pdf&date_stamp=2020-08-07
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:kiarobba@gmail.com
https://doi.org/10.3389/fneur.2020.00764
https://www.frontiersin.org/articles/10.3389/fneur.2020.00764/full
http://loop.frontiersin.org/people/654674/overview
http://loop.frontiersin.org/people/62652/overview
http://loop.frontiersin.org/people/213204/overview
http://loop.frontiersin.org/people/428769/overview
http://loop.frontiersin.org/people/803249/overview
http://loop.frontiersin.org/people/663913/overview













Cardim et al. Optic Nerve Ultrasonography
A B C
. p=0.01 r = 1 — 1 r —
= = —
- - - =
| g
. ! o~
[} S} S 5 o
| | | |
1 2 3 1 2 3
2 Males Females 2 1 2 3 Males Females
SEX Age Group Sex and Age Group
D E F
p=0.08
-
L ]
- _ _ -
| — 3
'Z 2 2 50 :_;_
o =} o
2
| | | | | | -
1 2 3 1 2 3
Males Females 2 1 2 3 Males Females
SEX Age Group Sex and Age Group

FIGURE 2 | Boxplot demonstrating the differences of ONSD in healthy (A—C) and TBI population (D-F) according to sex (A,D), age groups (B,E), and considering
both sex and age (C,F). ONSD, optic nerve sheath diameter; *p < 0.05; *p < 0.01; **p < 0.001; TBI, traumatic brain injury.

FIGURE 3 | Boxplot comparing healthy (light gray) and TBI patients (dark gray) values of ONSD, according to sex (A), age groups (B), and considering both sex and
age groups (C). ONSD, optic nerve sheath diameter; NS. indicates p > 0.05; “o < 0.05; *p < 0.01; **p < 0.001; TBI, traumatic brain injury.

differences in ONSD should be pondered in the interpretation of
our results.

A novelty of our study is the assessment of differences
concerning sex and age in TBI patients. The importance of
describing such differences in this group of patients relies on
ONSD being extensively reported as a predictor of increased ICP.
In addition, understanding whether an appropriate threshold
should be considered to account for potential confounds of age
and sex is fundamental to the application of this technique for
the non-invasive assessment of ICP. However, there is an ongoing
debate about the optimal thresholds of intracranial hypertension
itself to be used in clinical practice and this uncertainty would
further affect the cut-off for pathological ONSD values. Most
studies have investigated ONSD values considering the threshold

for intracranial hypertension as ICP > 20mm Hg (8, 10, 24—
26), whereas few others used a higher threshold (ICP > 25mm
Hg) (27, 28). Moreover, there is another element of heterogeneity
attributable to some studies wherein the reference value was
ICP > 20cm H,0 or ICP > 25cm H,O instead of mm Hg
(9, 29, 30), as these values are not equivalent (20 mm Hg
corresponds to 27.19cm H,0, and 25cm H;O corresponds
to 18.39mm Hg). A recent meta-analysis that evaluated the
diagnostic accuracy of ultrasound measurement of ONSD for the
assessment of intracranial hypertension found that ONSD cut-
off values varied from 4.80 to 6.30 mm (10). Therefore, given the
intrinsic variability this parameter might present, ONSD should
be considered more as a trend assessed over time rather than “a
single number.”
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Furthermore, the conventionally accepted threshold for
intracranial hypertension as ICP > 20mm Hg (31) has been
recently challenged due to discrepancies observed among
different centers. For example, the DECRA trial randomized
patients to decompressive craniectomy using an ICP threshold
> 20mm Hg even for a short duration (>15min within 1
h-period) (32). In the RESCUE-ICP trial, patients underwent
craniectomy when their ICP was sustained above 25mm Hg
for hours (1-12h) (33). The latest American Brain Trauma
Foundation guidelines for severe TBI proposed an ICP threshold
of >22mm Hg. This limit was derived from a single centre’s
(Cambridge, UK) retrospective study whose aim was not to
determine a threshold for intracranial hypertension but to report
an association between a single summary ICP value and 6
month outcomes after TBI (34). Moreover, Giiiza et al. (35)
showed that ICP is not only important as “a number” since the
duration of intracranial hypertension has been associated with
worse outcome, which supports the concept of “dose of ICP”
(the magnitude and duration of ICP values above a pathologic
threshold). In summary, there has not been a consensus about the
optimal threshold for intracranial hypertension, and decisions
regarding treatment and therapy escalation should be taken with
a combination of ICP values, multimodal monitoring, clinical
assessment and brain computed tomography findings (36).

In light of the above considerations, we demonstrated that
different ONSD cut-off values considering age and sex do
not appear to be relevant for the assessment of increased
ICP in TBI patients. Similarly to the recommendations for
determining a threshold for intracranial hypertension, ONSD
should be assessed in combination with clinical findings as well
as a trend over the course of patient management following
the previously reported ONSD ranges associated with elevated
ICP (10, 37).

Our study presents several limitations. Firstly, the data were
collected by two operators in the two different centers. Although
they were experienced and had equivalent level of training,
we did not consider the interobserver variability as a potential
confounder since the operators performed measurements in
different individuals. Secondly, although reasonably expected in
the TBI patient population given the heterogeneous incidence of
this condition (38), the sample size of the TBI cohort was not
homogeneous in terms of age and sex, and this could represent a
source of bias. We also investigated whether age and sex alongside
with ABP and ICP would be independently related to ONSD
in a multivariable linear model analysis, based on the inference
that TBI patients would present higher ONSD levels due to
elevated ICP regardless of their age or sex. Nevertheless, none
of these parameters were independently related to ONSD, which
disregards ICP as a potential confounding factor. Moreover, in
TBI patients, arterial blood pressure and intracranial pressure
were actively controlled as part of the institutional management
protocol, therefore the variability across individuals was small. In
respect to age and sex not being independent predictors of ONSD
in TBI patients, this could represent a type-I statistical error given
the small sample size applied to a multivariable model adjusted
for 4 variables (ICP, ABP, sex, and age). Finally, differences in

ONSD values concerning ethnicity might be relevant in our
comparison of healthy volunteers and TBI patients, and further
studies with larger and more homogeneous recruitments are
required to elucidate this potential confounding factor.
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