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Abstract: Background: To investigate whether ultrasound-based optic nerve sheath diameter (US-
ONSD) is a reliable measure to follow up children with idiopathic intracranial hypertension (IIH). In
addition, to analyze the inter- and intra-individual relationships between US-ONSD and intracranial
pressure (ICP), and to investigate whether an individualized mathematical regression equation
obtained from two paired US-ONSD/ICP values can be used to approximate ICP from US-ONSD
values. Methods: 159 US examinations and 53 invasive ICP measures via lumbar puncture (LP)
were performed in 28 children with IIH. US-ONSD was measured using a 12 Mhz linear transducer
and compared to ICP values. In 15 children, a minimum of 2 paired US-ONSD/ICP determinations
were performed, and repeated-measures correlation (rmcorr) and intra-individual correlations were
analyzed. Results: The cohort correlation between US-ONSD and ICP was moderate (r = 0.504,
p < 0.01). Rmcorr (r = 0.91, p < 0.01) and intra-individual correlations (r = 0.956–1) of US-ONSD
and ICP were excellent. A mathematical regression equation can be calculated from two paired
US-ONSD/ICP values and applied to the individual patient to approximate ICP from US-ONSD.
Conclusions: Related to excellent intra-individual correlations between US-ONSD and ICP, an
individualized regression formula, created from two pairs of US-ONSD/ICP values, may be used to
directly approximate ICP based on US-ONSD values. Hence, US-ONSD may become a non-invasive
and reliable measure to control treatment efficacy in pediatric IIH.

Keywords: optic nerve sheath diameter; ONSD; ultrasound; idiopathic intracranial hypertension;
ICP; mathematical approach; non-invasive

1. Introduction

Idiopathic intracranial hypertension (IIH) is a rare neuropediatric disorder affect-
ing approximately 0.71 in 100,000 children per year [1,2]. It is characterized by elevated
intracranial pressure (ICP) with normal cerebrospinal fluid (CSF) composition and mag-
netic resonance imaging (MRI)-based exclusion of hydrocephalus or space-occupying
lesions [3,4]. Patients typically present with headaches, eye pain, nausea, vomiting, dizzi-
ness, or sometimes visual disturbances (e.g., double vision, blurred vision). Initial diagnosis
usually requires invasive measurements of the ICP via lumbar puncture (LP) [4,5].
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Therapeutic options include medications (usually with acetazolamide, steroids, or
furosemide), repeated LP with CSF depletion, ventriculo- or lumbo-peritoneal shunt sys-
tems, and venous sinus stenting in cases of severe and therapy-refractory IIH [6–8]. In
patients with obesity, weight reduction is usually the first and most important therapeutic
option, whereas bariatric surgery is reserved for adults in cases of treatment resistance [6].
Close monitoring of treatment efficacy is extremely important, as untreated and/or recur-
rent IIH can lead to severe visual impairment and even blindness [9]. Likewise, untreated
IIH is a serious health burden for patients, can lead to cognitive impairment, and, in extreme
cases, can be fatal [5,8]. Monitoring of the therapy is often based on repeated measurements
of ICP by LP or fundoscopy of the ocular fundus. However, the latter is associated with
limited sensitivity in children to detect increased ICP in IIH, as papilledema may be absent
in children with elevated ICP in up to 50% of cases [10–13]. Invasive LP is not only painful
but also carries the risk of infection and requires sedation, at least in children, which in turn
is associated with increased overall effort and other risks such as the suspected long-term
neurocognitive effects of multiple sedations on the developing brain [14].

Transorbital point-of-care ultrasound-based optic nerve sheath diameter (US-ONSD)
is a non-invasive and reliable measure for estimating ICP in both children and adults with
multiple applications [15–17]. A good correlation between ONSD and invasively measured
ICP values has been described, suggesting a general linear relationship between these
two parameters [18,19]. However, there is evidence that individual factors, such as the
underlying diseases, degree and duration of ICP elevation, individual intracranial compli-
ance, and individual hysteresis can strongly influence the relationship between ONSD and
ICP [20].

Against this background, the aim of this study was to analyze the overall inter-
individual correlation between US-ONSD and ICP in pediatric IIH. In addition, the common
intra-individual associations for paired US-ONSD/ICP measurements were investigated
by repeated-measures correlation (rmcorr). Furthermore, an analysis of the intra-individual
correlation between US-ONSD and ICP in individual children with IIH was performed.
Finally, this study also aimed to provide a general mathematical regression formula for the
approximate calculation of ICP from US-ONSD values.

2. Materials and Methods
2.1. Study Design and Sample Size Calculation

This single-center, prospective, observational study collected data on children di-
agnosed with IIH. Pediatric patients (2018–2022) were included if they had undergone
both a transorbital US-ONSD determination and an invasive ICP measurement. Other
inclusion criteria included a definite diagnosis of IIH according to the revised Friedman cri-
teria [4]: (1) clinical symptoms of increased ICP (e.g., headache, eye pain, nausea, vomiting,
dizziness, visual disturbances such as double or blurred vision), (2) LP opening pressure
≥18.5 mmHg/25 cmH2O (≥21 mmHg/28 cmH2O if the child was sedated and/or obese)
without cytological CSF abnormalities, (3) absence of hydrocephalus, space-occupying
lesions, or venous sinus thrombosis on MRI, and (4) no evidence of secondary causes
of IIH. Patients who had previously undergone ONS fenestration or were additionally
diagnosed with diseases potentially associated with ON swelling, such as optic neuritis or
optic glioma, were excluded from this study. The patients were examined during in-house
stays or on an outpatient basis.

The sample size estimate for the correlation of US-ONSD and ICP was calculated at
24 patients to achieve 90% power with an alpha of 5 (p < 0.05). With an estimated loss of
10% (e.g., due to the study exclusion criteria and data loss), the study aimed to recruit a
minimum of 27 patients.

2.2. Study Population

A total of 28 children aged 1 to 17 years (mean age 9.4 ± 4.4 years) were included.
Among those, 19 (67.9%) children were male, and 9 (32.1%) children were female.
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All patients presented with clinical symptoms of elevated ICP and underwent US-
based measurement of the ONSD and an invasive ICP measurement by LP at baseline. All
patients were diagnosed with IIH according to the abovementioned criteria [4].

After diagnosis, patients were assigned to therapy (medical therapy with acetazo-
lamide ± furosemide), and 15/28 children underwent a series of 2–7 repeated, paired
US-ONSD and invasive ICP measurements by LP ± CSF depletion because of clinical
symptoms and findings or initially very high ICP. Some patients responded to therapy
with a gradual decrease in ICP, while others relapsed or required a dose increase. The
main question of this study, the intra-individual correlation between US-ONSD and ICP at
any point in time, included all individual patient and treatment factors (such as type and
duration of therapy, relapse etc.), given that all these factors can significantly influence the
respective ICP. A total of 159 US-ONSD examinations and 53 invasive ICP measurements
by LP were performed.

2.3. US Investigation

One examiner (S.R.K.) with 5 years of experience in transorbital US performed all
US examinations. All baseline examinations were performed before LP; the time interval
between US and LP was less than 10 min. If sedation was required for LP, this was admin-
istered before the US examination so that both US and LP were performed under the same
conditions. The US examination after CSF depletion was performed directly after LP and
CSF depletion either with or without sedation, depending on the conditions under which
the LP was performed. The investigator was blinded to the clinical information/diagnosis.

The US examination was performed on patients in supine position, with the head
straight and not elevated. Specifically, US-ONSD was examined in B-mode with a 12 MHz
linear transducer (Epiq 5G US system; Philips Healthcare, Best, The Netherlands), and
ONSD was measured 3 mm posterior to and at a 90◦ angle to the ON (Figure 1). Three mea-
surements were taken in the axial plane, and the mean ONSD of each side and the resulting
mean binocular US-ONSD were calculated as previously described [21]. Images were
stored in joint photographic experts group (JPEG) and digital imaging and communications
in medicine (DICOM) formats.
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space (SAS), which is filled with cerebrospinal fluid (CSF) and subdivided by multiple trabeculae 
[22], presenting with a hyperechogenic appearance. The white dotted line marks the retina. Red 
lines mark the exact region to measure the ONS diameter (ONSD) at about 3 mm posterior to the 
ON head. 
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essary, drugs suspected of influencing the ICP (e.g., ketamine) were not used. In cases 
where sedation was not required, local anesthesia was given prior to LP using a 
cream/plaster containing lidocaine and/or lidocaine infiltration. For the ICP measurement 
after successful puncture of the subarachnoid space (SAS) between the spinous processes 
of the lumbar vertebrae 3–5, the patient’s position was relaxed, the legs and trunk were 
straightened, and a neutral head position was assumed in order to minimize the influence 
of the position on the CSF pressure. The guide needle was carefully removed, ensuring 
that no CSF escaped before the measurement. A riser tube was then connected to the in-
serted cannula under sterile conditions, and the initial ICP was measured. The riser tube 
was then removed again, and, depending on the opening pressure and the age of the pa-
tient, up to 30 mL of CSF was drained. Finally, the riser tube was reconnected to the can-
nula in a sterile manner, and the ICP was measured a second time. For better comparabil-
ity with other studies in which ICP was measured (e.g., by an intraparenchymal probe or 
external ventricular drainage) and expressed in mmHg, ICP was converted from cmH2O 
to mmHg, based on the fact that the pressure unit of 1 cmH2O corresponds to 0.735539 
mmHg (https://physics.nist.gov/cuu/pdf/sp811.pdf, last accessed on 12 December 2023). 
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Figure 1. Axial B-scan ultrasound (US) of the orbit. The optic nerve (ON) appears hypoechogenic
and is surrounded by the ON sheath (ONS; black asterisks) that encases the optic subarachnoid space
(SAS), which is filled with cerebrospinal fluid (CSF) and subdivided by multiple trabeculae [22],
presenting with a hyperechogenic appearance. The white dotted line marks the retina. Red lines
mark the exact region to measure the ONS diameter (ONSD) at about 3 mm posterior to the ON head.
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2.4. Invasive ICP Measurement by LP

The ICP measurement was obtained through a LP, which was performed by neuro-
pediatricians blinded to the US results. Patients were placed in a lateral position, with
knees and hips flexed and the head as close to the knees as possible. If sedation was
necessary, drugs suspected of influencing the ICP (e.g., ketamine) were not used. In
cases where sedation was not required, local anesthesia was given prior to LP using a
cream/plaster containing lidocaine and/or lidocaine infiltration. For the ICP measurement
after successful puncture of the subarachnoid space (SAS) between the spinous processes
of the lumbar vertebrae 3–5, the patient’s position was relaxed, the legs and trunk were
straightened, and a neutral head position was assumed in order to minimize the influence
of the position on the CSF pressure. The guide needle was carefully removed, ensuring that
no CSF escaped before the measurement. A riser tube was then connected to the inserted
cannula under sterile conditions, and the initial ICP was measured. The riser tube was
then removed again, and, depending on the opening pressure and the age of the patient,
up to 30 mL of CSF was drained. Finally, the riser tube was reconnected to the cannula
in a sterile manner, and the ICP was measured a second time. For better comparability
with other studies in which ICP was measured (e.g., by an intraparenchymal probe or
external ventricular drainage) and expressed in mmHg, ICP was converted from cmH2O to
mmHg, based on the fact that the pressure unit of 1 cmH2O corresponds to 0.735539 mmHg
(https://physics.nist.gov/cuu/pdf/sp811.pdf, last accessed on 12 December 2023).

2.5. Statistical Analysis

Statistical analyses were performed using SPSS software (version 29; IBM Corp.,
Armonk, NY, USA). Data were tested for normality of distribution using the Shapiro–Wilk
test. Parametric data were expressed as the mean and standard deviation (sd). Based
on the data distribution, correlation analysis was performed according to Pearson or
Spearman correlation analyses. Rmcorr was performed to determine associations for paired
US-ONSD/ICP measures (assessed on two or more occasions for multiple individuals).
Power analysis was used to calculate sample sizes. Mathematical formulas were derived
based on the general linear regression equation y = mx + t (t = intercept with the y-axis,
m = estimated coefficient for the linear term). Statistical significance was set at p < 0.05.
Correlation coefficients were considered weak when the correlation coefficient r was less
than 0.4, moderate when r was between 0.4 and 0.59, strong when r was greater than 0.6,
and excellent when r was greater than 0.8.

3. Results
3.1. Inter-Individual Correlation of US-ONSD and ICP

In 28 children presenting with signs or symptoms of elevated ICP, the mean baseline
US-ONSD was 6.5 ± 0.7 mm and ranged from 5.6–8.2 mm. In 2/56 eyes of 2 different
children, (partial) optic atrophy was diagnosed. US-ONSD did not differ significantly
between optic atrophic and non-atrophic eyes: patient 1—atrophic eye US-ONSD: 6.4 mm,
non-atrophic eye US-ONSD: 6.3 mm, patient 2—atrophic eye US-ONSD: 6.0 mm, non-
atrophic eye US-ONSD: 6.1 mm. Mean ICP at initial LP was 32.4 ± 9.0 mmHg and
ranged from 21–50 mmHg. Both US-ONSD and ICP values were normally distributed
and moderately correlated (r = 0.504, p < 0.01; Figure 2). The general regression equation
was calculated (y = 6.53 x − 10.19) and the regression line including a 95% confidence
interval (CI) was inserted. Furthermore, 27/28 (96.4%) of the values were within the CI.
Since y was equal to ICP and x was equal to US-ONSD, it would, in principle, be possible
to approximate ICP from individual US-ONSD values based on the regression equation.
However, this does not take into account intra-individual factors (e.g., age, duration and
extent of ICP elevation, individual intracranial compliance, and dural elasticity of the ONS)
that influence the relationship between ICP and ONS expansion.

https://physics.nist.gov/cuu/pdf/sp811.pdf
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Figure 2. Inter-individual correlation of ultrasound-based optic nerve sheath diameter (US-
ONSD) and intracranial pressure (ICP) over the entire cohort. Light grey dashed lines mark the
95% confidence interval (CI). Y = 6.53 x – 10.19 is the corresponding overall regression equation;
n = 28.

3.2. Rmcorr and Intra-Individual Correlation of US-ONSD and ICP

A total of 2–7 repeated measurements of US-ONSD and concurrent invasive ICP
assessments were performed in 15/28 children. The common intra-individual association
for paired US-ONSD/ICP measures for multiple individuals was determined by rmcorr
(rrm = 0.91, p < 0.01; Figure 3A).
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Figure 3. Common intra-individual association and intra-individual correlation of ultrasound-
based optic nerve sheath diameter (US-ONSD) and intracranial pressure (ICP). (A) Repeated-
measures correlation (rmcorr; rrm) of US-ONSD/ICP in 15 children with idiopathic intracranial
hypertension (IIH). (B) Intra-individual correlation of US-ONSD and ICP in 10 children with IIH.
Differently colored dashed lines show individual regression lines for different patients.

In 10/15 children, an analysis of the intra-individual correlation between US-ONSD
and ICP was performed, yielding very high correlation coefficients ranging from 0.956 to
1.0 (Figure 3B). For each patient, the individual regression equation was calculated, and the
regression line was plotted.
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3.3. Mathematical Regression Equation to Describe the Intra-Individual Relationship between ICP
and ONSD

The above results suggest a general relationship between ICP and ONSD in patients
with pediatric IIH, although the intra-individual characteristics differ significantly from
those of the cohort. Therefore, it may be only possible, in individual patients, to approxi-
mate ICP from US-ONSD values using a regression equation. Such an individual regression
equation can be established once two paired US-ONSD/ICP measurements have been
obtained from a single patient (e.g., in the context of the initial diagnosis of IIH and the
required LP using baseline and post-CSF depletion measurements of US-ONSD and ICP).

The regression equation for the linear model takes the following form: y = mx + t,
where t is the constant or intercept with the y-axis and m is the estimated coefficient for
the linear term (i.e., the slope of the line). Therefore, only t and m are needed to obtain an
individual regression equation for each patient (Figure 4). So, if

y1 = ICP1 (baseline ICP at LP) x1 = US-ONSD1 (baseline ONSD before LP)
y2 = ICP2 (ICP after CSF depletion) x2 = US-ONSD2 (ONSD after CSF depletion)
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Figure 4. Derivation of a general mathematical formula for the calculation of intracranial pressure
(ICP) from two pairs of ultrasound-based optic nerve sheath diameter (US-ONSD)/ICP values
obtained during the initial diagnosis of pediatric idiopathic intracranial hypertension (IIH).
x1 = US-ONSD1 (baseline ONSD before LP), x2 = US-ONSD2 (ONSD after CSF depletion). y1 = ICP1

(baseline ICP at LP), y2 = ICP2 (ICP after CSF depletion). t and m (red fonts) can be calculated using
the rearranged equations by substituting the two pairs of values. To establish the individual formula
for the patient, t and m are finally inserted into the general linear equation y = mx + t.

4. Discussion

This study investigated US-ONSD and invasive ICP values in children with IIH. The
study also performed the common intra-individual association for paired US-ONSD/ICP
measurements for multiple individuals and an analysis of the intra-individual correlation of
US-ONSD and ICP in pediatric IIH. From the collected results, the present work derived a
general mathematical formula applicable to individual patients in everyday clinical practice
to non-invasively approximate the corresponding ICP value from US-ONSD values.

4.1. Inter- and Intra-Individual Relationships between ONSD and ICP

Transorbital US of the ONSD is a non-invasive, easy-to-learn method to estimate ICP
with high intra- and inter-rater reliability [15,23]. The US-ONSD-based assessment of ICP
has many different applications in adults and children, e.g., in traumatic brain injury, hydro-
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cephalus, tumors, and IIH [24–27]. The wide availability of US machines, ease of setup, and
cost effectiveness make US-ONSD a valuable point-of-care technology, not only in countries
with sophisticated medical systems but especially in middle- and low-income countries [28].
A number of studies have investigated the relationship between ONSD and ICP in both
children and adults [16–18]. In studies of pediatric patients, there is some controversy
regarding the correlation between ONSD and ICP, with some describing an intermediate to
high correlation while others found a weak or no clear correlation [15,16,29,30]. In general,
there is an age dependence in children, with a good correlation (with r around 0.63 [16]
to 0.66 [15]) in children over 1 year of age and a poor correlation in very young children
with patent fontanels [16,18]. There also appears to be a poor correlation in children in
the intensive care setting [30]. Regarding pediatric IIH, there are a few studies with con-
troversial results that have performed correlation analyses between ONSD and ICP; for
example, Irazuzta et al. showed a very high correlation (r > 0.9) between ONSD and ICP in
13 children in a prospective study of pediatric IIH [31]. Another recent prospective study
of 8 children diagnosed with IIH showed a weak and non-significant correlation (r = 0.298,
p > 0.05) between ONSD and invasively measured ICP [32]. Aslan et al. published a
study of 7 children with IIH and good correlations between ONSD and ICP, with a correla-
tion coefficient r ranging from 0.649 to 0.882 [27]. Our study found an overall moderate
inter-individual correlation between ONSD and ICP in pediatric IIH in 28 children, with
r = 0.504.

Given the anatomical and physiological conditions, it seems obvious that there is a
general linear relationship between ONSD and ICP. The intracranial SAS (iSAS) is directly
connected to the optic SAS (oSAS), so that changes in ICP are immediately transmitted from
the iSAS to the oSAS [22]. Thus, an increase in pressure in the intracranial compartment
is followed by a rapid dilatation of the dural and elastic ONS [33]. However, it has been
shown that a large increase in ICP is not necessarily associated with a large expansion of
the ONSD and vice versa [20]. In fact, it has been shown that in childhood IIH, compared
to other neuropediatric findings, such as hydrocephalus, arachnoid cysts, or brain tumors,
changes in ICP are highly correlated with changes in ONSD [20]. This may be due to the
fact that the pathophysiology of IIH is relatively uniform compared to the pathophysiology
of hydrocephalus or brain tumors. Nevertheless, many individual factors, such as the type
of disease, duration, degree of ICP elevation, type of treatment, and individual intracranial
compliance, appear to influence the degree of ONSD enlargement in relation to the degree
of ICP elevation [20]. Therefore, it is not appropriate to describe the relationship between
ICP and ONSD enlargement in a general linear regression equation without considering
individual circumstances. Based on these considerations, we first performed an analysis of
the common intra-individual association for paired repeated measures of US-ONSD/ICP.
This calculation showed a high rmcorr with rrm = 0.91. The rmcorr plot (Figure 3A) shows
that there is a strong intra-individual ONSD-ICP association in children with IIH, taking
into account the independence of observations and the different patterns between and
within participants. Rmcorr estimates the joint regression slope, i.e., the joint association
between individuals [34].

In a second step, we performed intra-individual correlation and regression analyses in
10 children for whom repeated measures of paired US-ONSD/ICP values were available.
An individual regression equation was developed for each child, and the 10 regression
lines were fitted to the graph (Figure 3B). The 10 correlation analyses between US-ONSD
and ICP yielded excellent values ranging from r = 0.956 to r = 1.0. The high variability of
the regression lines confirms the above considerations of individual factors influencing the
relationship between ONSD and ICP.

To illustrate the importance of an individual equation per patient, consider patient
3 (orange line and dots, Figure 3: The corresponding individual regression equation is:
y = 23.09 x − 121.56, based on ICP values measured in mmHg). Suppose this patient
asymptomatically presents for clinical follow-up exams and an US-ONSD of 5.6 mm is
measured. Substituting this US-ONSD into the above regression equation would yield y
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(ICP) = 23.09 * 5.6 − 121.56 = 7.74 mmHg (as compared to the graph in Figure 3B). Applying
the general regression equation for the entire cohort (Figure 2, y = 6.53 x − 10.19) would
yield an estimated ICP of 26.38 mmHg. This discrepancy demonstrates that individual
patient factors and circumstances must be taken into account and that a general “IIH
formula” may be inadequate for ICP estimation. Hence, these results suggest that the US-
ONSD in pediatric IIH could be an excellent tool for outcome assessment, even providing
a quantitative result once an individual regression equation has been established for the
patient.

4.2. Use of a General Mathematical Formula to Approximate Individual ICP Values
from US-ONSD

Effective and reliable monitoring of therapy in IIH remains a challenge. Non-invasive
fundoscopy of the ocular fundus by a qualified examiner is considered the reference stan-
dard for detecting or excluding elevated ICP and is also used to monitor IIH therapy
in children [2]. However, fundoscopy is known to have limited sensitivity for detecting
elevated ICP in children [35,36]. In particular, the absence of papilledema does not exclude
elevated ICP [12]. In addition, the resolution of papilledema after ICP reduction or nor-
malization takes weeks to months [37,38], and therefore the persistence of papilledema
does not necessarily indicate that the therapy is ineffective. Another regularly performed
method to monitor treatment efficacy is repeated LP. In addition to being painful, LP is
associated with a risk of infection and requires sedation in most children [14]. Therefore,
especially in IIH, which is associated with long treatment periods [39], a non-invasive,
easy-to-perform, and reliable method of follow-up evaluation is needed.

Robba et al. validated a general regression formula for direct estimation of ICP from
US-ONSD values in a cohort of adult brain-injured patients [40]. When the group applied
this formula to children with traumatic brain injury, it became apparent that the use of
this general formula in the pediatric cohort was not recommended, primarily because of
the high degree of variability in ONSD and ICP. In this cohort of Robba et al., there was a
clear individual relationship between ONSD and ICP as well. The formula also led to an
underestimation of the true ICP [41].

On the other hand, the creation and application of an individual regression equation in
clinical practice is a readily conceivable and feasible option, especially in IIH. To establish
such an equation for an individual patient, at least two pairs of US-ONSD/ICP values are
required. Since patients with IIH usually receive at least one LP with measurement of the
opening pressure as part of the diagnostic workup, two pairs of values are obtained before
and after CSF drainage. Of course, the ICP must be consistently expressed in mmHg or
cmH2O, as must the ONSD in mm or cm. The easiest way to arrive at such an equation
is to first calculate the slope (m) of the equation using the two pairs of US-ONSD/ICP
values and then, in a second step, to calculate t, the constant or the intercept with the y-axis.
Finally, m and t are substituted into the general equation (y (ICP) = m * x(ONSD) + t) to
obtain the individual regression equation for the patient. This equation can then be used for
future follow-up examinations with US-ONSD. According to the approximated ICP values,
the diagnostic steps and therapy can then be adjusted during the course of treatment, and
unnecessary invasive LP can be avoided. For the sake of simplicity, we recommend the
automatic calculation of the parameters in clinical routine with the help of a standardized
spreadsheet prepared accordingly beforehand.

4.3. Limitations

The main limitation is the small sample size of this observational study, despite its
prospective nature. Larger and ideally multicenter cohorts should be studied to be able to
recommend the general use of an individual regression equation for direct estimation of ICP
from ONSD values in childhood IIH. It should also be noted that in this study we focused
exclusively on how a patient’s individual ICP value correlated with the corresponding
US-ONSD at each individual time point, as we wanted to derive the formula for calculating
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ICP from ONSD values from these results. In the clinical setting, ICP values and their
various clinical manifestations (which are often non-specific in children [42,43]) are the
main focus of the diagnostic work-up and management of IIH patients, as they determine
further diagnostic and therapeutic steps. However, it would be interesting for future
clinical studies to investigate how, for example, the type of therapy or the development of
papilledema affects the course of US-ONSD. Another limitation is that the overall context of
the relationship between ONSD and ICP is not yet fully clarified or understood to the last
detail. Finally, our ICP measurements were all performed with LP. The quality of the ICP
measurement by LP depends on several parameters, such as patient positioning, sedation,
and the experience of the operator. Therefore, studies including different methods of ICP
measurement could be helpful to enforce the validity of an individualized formula.

5. Conclusions

In pediatric IIH, the US-ONSD showed a moderate inter-individual cohort correlation
to ICP, but the intra-individual correlation of US-ONSD and ICP was high, with individual
slopes of the regression lines indicating a strong influence of individual factors on the
correlation of ONSD and ICP. An individualized mathematical regression equation derived
from two pairs of US-ONSD/ICP values (e.g., obtained during the first diagnostic LP)
may thus be used in daily clinical practice to approximate the corresponding ICP value
non-invasively and directly from US-ONSD values during follow-up examinations. Such a
non-invasive quantitative assessment tool would have great potential to supplement or
even replace invasive follow-up methods in pediatric IIH, pending confirmation of our
results by future large-scale and ideally multicenter studies.

Author Contributions: Conceptualization, S.R.K. and M.U.S.; Methodology, S.R.K. and M.U.S.;
Validation, S.R.K. and M.U.S.; Formal analysis, S.R.K., J.Z., A.B., K.H.-L., J.T. and M.U.S.; Inves-
tigation, S.R.K., J.Z., A.B., K.H.-L., J.T. and M.U.S.; Resources, S.R.K. and M.U.S.; Data curation,
S.R.K.; Writing—original draft, S.R.K.; Writing—review & editing, J.Z., A.B., N.S., K.H.-L., J.T. and
M.U.S.; Visualization, S.R.K.; Supervision, N.S. and M.U.S.; Project administration, S.R.K. and M.U.S.;
Funding acquisition, N.S. and S.R.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This project was financially supported by the intramural TÜFF-program of the Medical
Faculty Tuebingen (2623-0-0).

Institutional Review Board Statement: All procedures performed in this study were in accordance
with the Code of Ethics of the World Medical Association (Declaration of Helsinki). The study protocol
was approved by the ethics committee of the medical faculty of the Eberhard Karls University of
Tuebingen, Germany (ethics approval code: 180/2018BO2, date of approval: 9 April 2018). The study
met the STROBE guidelines for reporting observational studies [44].

Informed Consent Statement: Written informed consent was obtained from the parents and children
old enough to understand the study, prior to the investigations.

Data Availability Statement: The data are not publicly available due to restrictions e.g., their
containing information that could compromise the privacy of research participants. The datasets
generated during and/or analyzed during the current study are available from the corresponding
author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Cleves-Bayon, C. Idiopathic Intracranial Hypertension in Children and Adolescents: An Update. Headache 2018, 58, 485–493.

[CrossRef] [PubMed]
2. Sheldon, C.A.; Paley, G.L.; Beres, S.J.; McCormack, S.E.; Liu, G.T. Pediatric Pseudotumor Cerebri Syndrome: Diagnosis, Classifica-

tion, and Underlying Pathophysiology. Semin. Pediatr. Neurol. 2017, 24, 110–115. [CrossRef] [PubMed]
3. Friedman, D.I.; Jacobson, D.M. Diagnostic criteria for idiopathic intracranial hypertension. Neurology 2002, 59, 1492–1495.

[CrossRef] [PubMed]

https://doi.org/10.1111/head.13236
https://www.ncbi.nlm.nih.gov/pubmed/29194601
https://doi.org/10.1016/j.spen.2017.04.002
https://www.ncbi.nlm.nih.gov/pubmed/28941525
https://doi.org/10.1212/01.WNL.0000029570.69134.1B
https://www.ncbi.nlm.nih.gov/pubmed/12455560


Brain Sci. 2024, 14, 32 10 of 11

4. Friedman, D.I.; Liu, G.T.; Digre, K.B. Revised diagnostic criteria for the pseudotumor cerebri syndrome in adults and children.
Neurology 2013, 81, 1159–1165. [CrossRef] [PubMed]

5. Barmherzig, R.; Szperka, C.L. Pseudotumor Cerebri Syndrome in Children. Curr. Pain Headache Rep. 2019, 23, 58. [CrossRef]
[PubMed]

6. Markey, K.A.; Mollan, S.P.; Jensen, R.H.; Sinclair, A.J. Understanding idiopathic intracranial hypertension: Mechanisms, manage-
ment, and future directions. Lancet Neurol. 2016, 15, 78–91. [CrossRef] [PubMed]

7. Eldes, N.H.; Yilmaz, Y. Pseudotumour cerebri in children: Etiological, clinical features and treatment modalities. Eur. J. Paediatr.
Neurol. 2012, 16, 349–355. [CrossRef]

8. Ruiz, E.B.; Moroño, S.I.; López, B.R.; Martinez, A.M.; Díaz, T.; Sánchez, M.A. Life-threatening idiopathic intracranial hypertension:
The role of venous sinus stenting. Child’s Nerv. Syst. 2022, 38, 1433. [CrossRef]

9. Gospe, S.M., 3rd; Bhatti, M.T.; El-Dairi, M.A. Anatomic and visual function outcomes in paediatric idiopathic intracranial
hypertension. Br. J. Ophthalmol. 2016, 100, 505–509. [CrossRef]

10. Hamedani, A.G.; Witonsky, K.F.; Cosico, M.; Rennie, R.; Xiao, R.; Sheldon, C.A.; Paley, G.L.; McCormack, S.E.; Liu, G.W.;
Friedman, D.I.; et al. Headache Characteristics in Children With Pseudotumor Cerebri Syndrome, Elevated Opening Pressure
Without Papilledema, and Normal Opening Pressure: A Retrospective Cohort Study. Headache 2018, 58, 1339–1346. [CrossRef]

11. Masri, A.; Al Jaberi, M.; Shihadat, R.; Rayyan, A.; AlMasri, M.; Abuna’Meh, L.; Ali, M.; Al Ryalat, N.; Hadidy, A.; Al-Shakkah, A.A.
Pseudotumor cerebri syndrome in children: Clinical characteristic and re-classification. Brain Dev. 2022, 44, 446–453. [CrossRef]
[PubMed]

12. Aylward, S.C.; Aronowitz, C.; Roach, E.S. Intracranial Hypertension Without Papilledema in Children. J. Child Neurol.
2015, 31, 177–183. [CrossRef]

13. Kerscher, S.R.; Zipfel, J.; Haas-Lude, K.; Bevot, A.; Tellermann, J.; Schuhmann, M.U. Transorbital point-of-care ultrasound versus
fundoscopic papilledema to support treatment indication for potentially elevated intracranial pressure in children. Child’s Nerv.
Syst. 2023. [CrossRef] [PubMed]

14. Shaw, P.H. Sedation and lumbar punctures for pediatric leukemia patients: The challenge of unintended consequences. Pediatr.
Blood Cancer 2021, 68, e29343. [CrossRef] [PubMed]

15. Padayachy, L.C.; Padayachy, V.; Galal, U.; Gray, R.; Fieggen, A.G. The relationship between transorbital ultrasound measurement
of the optic nerve sheath diameter (ONSD) and invasively measured ICP in children: Part I: Repeatability, observer variability
and general analysis. Childs Nerv. Syst. 2016, 32, 1769–1778. [CrossRef] [PubMed]

16. Kerscher, S.R.; Schöni, D.; Hurth, H.; Neunhoeffer, F.; Haas-Lude, K.; Wolff, M.; Schuhmann, M.U. The relation of optic nerve
sheath diameter (ONSD) and intracranial pressure (ICP) in pediatric neurosurgery practice—Part I: Correlations, age-dependency
and cut-off values. Childs Nerv. Syst. 2020, 36, 99–106. [CrossRef] [PubMed]

17. Wang, L.-J.; Chen, L.-M.; Chen, Y.; Bao, L.-Y.; Zheng, N.-N.; Wang, Y.-Z.; Xing, Y.-Q. Ultrasonography Assessments of Optic
Nerve Sheath Diameter as a Noninvasive and Dynamic Method of Detecting Changes in Intracranial Pressure. JAMA Ophthalmol.
2018, 136, 250–256. [CrossRef] [PubMed]

18. Padayachy, L.C.; Padayachy, V.; Galal, U.; Gray, R.; Fieggen, A.G. The relationship between transorbital ultrasound measurement
of the optic nerve sheath diameter (ONSD) and invasively measured ICP in children: Part II: Age-related ONSD cut-off values
and patency of the anterior fontanelle. Childs Nerv. Syst. 2016, 32, 1779–1785. [CrossRef]

19. Steinborn, M.; Friedmann, M.; Makowski, C.; Hahn, H.; Hapfelmeier, A.; Juenger, H. High resolution transbulbar sonography in
children with suspicion of increased intracranial pressure. Child’s Nerv. Syst. 2016, 32, 655–660. [CrossRef]

20. Kerscher, S.R.; Schöni, D.; Neunhoeffer, F.; Wolff, M.; Haas-Lude, K.; Bevot, A.; Schuhmann, M.U. The relation of optic nerve sheath
diameter (ONSD) and intracranial pressure (ICP) in pediatric neurosurgery practice—Part II: Influence of wakefulness, method
of ICP measurement, intra-individual ONSD-ICP correlation and changes after therapy. Childs Nerv. Syst. 2019, 36, 107–115.
[CrossRef]

21. Kerscher, S.R.; Zipfel, J.; Groeschel, S.; Bevot, A.; Haas-Lude, K.; Schuhmann, M.U. Comparison of B-Scan Ultrasound and
MRI-Based Optic Nerve Sheath Diameter (ONSD) Measurements in Children. Pediatr. Neurol. 2021, 124, 15–20. [CrossRef]
[PubMed]

22. Killer, H.E.; Laeng, H.R.; Flammer, J.; Groscurth, P. Architecture of arachnoid trabeculae, pillars, and septa in the subarachnoid
space of the human optic nerve: Anatomy and clinical considerations. Br. J. Ophthalmol. 2003, 87, 777–781. [CrossRef] [PubMed]

23. Shrestha, G.S.; Upadhyay, B.; Shahi, A.; Jaya Ram, K.C.; Joshi, P.; Poudyal, B.S. Sonographic Measurement of Optic Nerve Sheath
Diameter: How Steep is the Learning Curve for a Novice Operator? Indian J. Crit. Care Med. 2018, 22, 646–649. [CrossRef]
[PubMed]

24. Saritas Nakip, O.; Pektezel, M.Y.; Terzi, K.; Kesici, S.; Bayrakci, B. Optic nerve sheath diameter and pulsatility index for the
diagnosis and follow-up in pediatric traumatic brain injury: A prospective observational cohort study. Childs Nerv. Syst.
2023, 39, 2467–2477. [CrossRef] [PubMed]
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