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Background: Pseudotumor cerebri (PTC) occurs when the pressure inside the skull 
increases for no obvious reason. The aim of this study was to investigate three 
different methods: the optic nerve sheath diameter (ONSD) method, ONSD/eye-
ball transverse diameter (ETD) index, and ONSD/orbital transverse diameter (OTD) 
index for the initial detection of elevated intracranial pressure in patients with PTC.
Materials and methods: A retrospective study of magnetic resonance data from 
adult PTC patients (n = 42) and control group (n = 40) was performed. ONSD 
and OTD measurements were made 3 mm and 10 mm posterior to the globe, 
after intracranial pressure was measured with lumbar puncture. The sensitivity, 
specificity, and overall accuracy of the findings on magnetic resonance imaging 
were calculated.
Results: The optic nerve sheath was enlarged in the PTC group compared with 
the control group. It showed 97% sensitivity and 100% specificity and 79% 
sensitivity and 87.5% specificity for 3 mm and 10 mm, respectively. The ONSD/ 
/ETD and ONSD/OTD indices were increased in the PTC group compared with the 
control group. For 3 mm posterior to the globe, the ONSD/ETD index had 90.5% 
sensitivity and 92% specificity, and the ONSD/OTD index had 86% sensitivity and 
95% specificity. For 10 mm posterior to the globe, the sensitivity and specificity 
of the ONSD/ETD and ONSD/OTD indices were 86% and 80% and 74% and 
82.5%, respectively.
Conclusions: According to our study, the ONSD method and the ONSD/ETD and 
ONSD/OTD indices are reliable diagnostic markers for PTC. These noninvasive 
techniques may be useful in monitoring the invasive intracranial catheter and have 
wide potential clinical applications in district hospitals, emergency departments 
and intensive care units. (Folia Morphol 2022; 81, 3: 567–573)
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INTRODUCTION
Pseudotumor cerebri (PTC), also known as idio-

pathic intracranial hypertension, is a disorder that is 
described by the presence of pathologically increased 
intracranial pressure (ICP) in nonexistence of enlarged 
ventricles, intracranial mass lesions, and computed to-
mography (CT) and magnetic resonance (MR) imaging 
(MRI) findings associated with high ICP [1, 20, 25].

Intracranial pressure is detected by invasive place-
ment into the ventricles or cerebral parenchyma with 
an intracranial catheter. This procedure is considered 
the gold standard. This method gives ICP results ex-
pressed in millimetres of mercury. Doctors tend to 
use noninvasive methods before applying invasive 
methods, and noninvasive methods are predominant-
ly qualitative (e.g., papilledema, optic nerve sheath 
diameter [ONSD], tympanic membrane displacement) 
or provide imprecise readings [2, 18, 19, 21].

In this measurement method, the optic nerve 
sheath dilates due to more cerebrospinal fluid enter-
ing between the optic nerve and the dura mater. This 
is considered an indication of increased intracranial 
pressure [13, 14, 27].

Researchers have been mostly satisfied with the 
ONSD method and determined the correlation with 
the ICP measured by the invasive method, but some 
uncertainties and inconsistencies have remained 
regarding the accuracy of the method. Although 
multiple protocols and thresholds are suggested for 
the ONSD method, there is no generally accepted 
protocol or standardization. While ICP values great-
er than 20 mmHg are considered pathological, no 
quantitative link has been established between ICP 
and ONSD beyond this value. But different researchers 
determined a normal/abnormal cutoff value of ONSD 
that varied from 4.8 to 7.3 mm [4, 9, 15, 17, 30].

Another thought-provoking point with the ONSD 
method is that ONSD measurements of normal and 
sick individuals in the same studies often have large 
standard deviations (SD) overlapping each other. To 
overcome this situation, researchers have proposed 
and attempted to apply different indices on various 
imaging techniques, such as the ratio of optic nerve 
diameter to ONSD or the ratio of ONSD to eyeball 
transverse diameter (ETD) [6, 27]. The clinical appli-
cation of the ONSD/ETD index has been described for 
patients with traumatic brain injury [28].

Our aim was to implement three different meth-
ods (the ONSD method, ONSD/ETD index, ONSD/ 
/orbital transverse diameter [OTD] index) for the initial 

detection of elevated ICP in patients with PTC. We 
investigated the applicability and reliability of the 
three methods in PTC patients.

materials and METHODS
Study design and setting, inclusion and exclusion 
criteria

In this study, we retrospectively analysed the MR 
scan data of 82 adult patients (over 18 years old) 
who were admitted to the Radiology Department 
from January 2014 to December 2016. The pres-
ent study was approved by the ethical committee 
of Afyonkarahisar Health Science University, Turkey 
(2017/7-193). In our study, we included patients who 
presented to the Neurosurgery Department in various 
combinations with complaints of headache, nausea, 
vomiting, visual impairment, diplopia, and dizziness 
and were directed to MR scans of the cranial region. 
The patients appeared to have negative MRI scans.

Control group

The control group was composed of patients older 
than 18 years who underwent MRI for various reasons 
(e.g., seizures, head injury, headache, and hearing 
loss), and the clinical results of these patients were 
evaluated as normal by a neuroradiologist. Patients 
whose signs and symptoms showed increased ICP 
were excluded from the control group. In addition, 
patients with a history of intracranial neoplasm, cra-
nial deformity, and any orbital- or optic-related dis-
orders were not included in the control group.

PTC group

For this group, severe headache of unknown cause 
and normal MRI scans were the primary inclusion 
criteria; among these, we selected patients who 
were diagnosed with PTC (International Classification  
of Diseases Ninth revision Clinical Modification;  
348.2 Benign Intracranial Hypertension) by a neurol-
ogist. All patients diagnosed with PTC were exam-
ined by an ophthalmologist and a neuroradiologist. 
Patients determined to have any ophthalmological 
or neuroophthalmological diseases were excluded 
from the study.

Data sources and measurements

All MRI were performed on the Magnetom Aera 
1.5T system (Siemens Healthcare, Erlangen, Germa-
ny). Brain MRIs were performed with a 24-channel 
head coil. The sequences analysed consisted of 5-mm 
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sections, and T2W axial images were used for meas-
urements. The left and right ETD (i.e., retina to retina), 
OTD (i.e., medial orbital wall to lateral orbital wall), 
and ONSDs were measured by the computer pro-
gramme on the same MRI (Fig. 1). The measurements 
were made digitally via PACS. Theoretical and practical 
orbital anatomy and measurement technique training 
on MRI were given to the researchers who made the 
measurements. MRI of patients in the control group 
and the PTC group were randomly mixed, so the 
measurements were blinded. The parts of interest 
of the MRI were enlarged 3–4 times for better meas-
urement. ONSD and OTD measurements were made 
from 3 mm and 10 mm behind the globe (Fig. 1). 
The researchers took care to use the same window, 
brightness, and contrast when taking all measure-
ments. Intra-evaluator and inter-evaluator consistency 
were analysed statistically by the intraclass correlation 
coefficients (ICCs) between the two evaluators. The 
same methodological procedures were applied by 
both evaluators (A.B. and T.E.) when making measure-
ments. ICP was measured invasively in a neurosurgical 
intensive care unit with lumbar puncture (LP).

Statistical analysis

Statistical analysis was performed by using the 
Statistical Package for the Social Sciences, version 
19.0 (SPSS, Chicago, Illinois). All values are presented 
as the mean, SD, minimum, and maximum. The dis-
tribution of the data was evaluated by the Kolmog-
orov-Smirnov test. A nonparametric Mann–Whitney  
U test was used to determine the differences between 
two groups. Correlation analysis was performed with 
gender and age groups. Subsequently, a receiver 
operating characteristic (ROC) curve was generated 
to determine optimal cutoff values. The results were 
evaluated at a 95% confidence interval, and p < 0.05 
was considered statistically significant.

RESULTS
Forty-two patients were included in the PTC group 

(mean age 42.49 ± 9.15), while 40 patients were in-
cluded in the control group (mean age 44.03 ± 6.81). 
The patients in the control group were neurosurgery 
patients without invasive ICP results and clinical and 
radiological findings suggestive of normal ICP. 

First, evaluator 1 measured five parameters two 
times. The coherence between the first and second 
measurements (intra-evaluator coherence) was eval-
uated by ICC, and the results showed an ICC value 
of 0.90 ≤ 0.99 (p < 0.001) for correlations in all pa-
rameters. Regarding comparisons of inter-evaluator 
measures, a strong ICC was also seen for each variable 
(ICC: 0.75 ≤ 0.99; p < 0.001).

Comparison of the groups

Measurements made 3 mm posterior of the globe

When the study group and the control group were 
compared, the right and left ONSDs were found to 
be significantly higher in the PTC group (p ≤ 0.001). 
The enlargement was bilateral, and no correlation 
with age was found (p = 0.68). Mean ONSD led to 
a significant prediction of PTC (area under the curve 
[AUC] = 0.988, p ≤ 0.001). The optimal cutoff value 
was calculated as 4.99 mm with 97% sensitivity and 
100% specificity. The ONSD/ETD index correlated with 
ICP (i.e., ICP↑, ONSD↑), and with a cutoff value of 
0.21, the sensitivity of the index was 90.5%, and the 
specificity was 92% for measurements (AUC = 0.977, 
p ≤ 0.001). There was no correlation between the 
ONSD/ETD ratio and the gender or age of the patients 
(p > 0.05). Similarly, the ONSD/OTD index correlated 
with ICP, and with a cutoff value of 0.17 the ONSD/ 

Figure 1. Axial T2W magnetic resonance imaging of the both orbit 
demonstrating the measurement techniques: On the left side, or-
bital transverse diameter (OTD) (medial orbital wall to lateral orbital 
wall); on the right side, eyeball transverse diameter (ETD) (retina  
to retina) and optic nerve sheath diameter (ONSD) measurements 
3 mm and 10 mm behind the globe were showed.
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/OTD index had a specificity of 86% and a sensitivity 
of 95% (AUC = 0.939, p ≤ 0.001) (Table 1, Fig. 2).

Measurements made 10 mm posterior of the globe

We determined the mean ONSDs for the control 
and PTC groups to be 4.78 mm and 3.72 mm, re-
spectively. The difference was statistically significant  

(p ≤ 0.001). The optimal cutoff value was 4.21 mm with 
79% sensitivity and 87.5% specificity (AUC = 0.894,  
p ≤ 0.001). The sensitivity and specificity of the ONSD/ 
/ETD and ONSD/OTD indices were 86% and 80% and 
74% and 82.5%, respectively. The optimal cutoff val-
ues were calculated as 0.17 (AUC = 0.889, p ≤ 0.001) 
and 0.19 (AUC = 0.846, p ≤ 0.001) (Table 2, Fig. 3).

Figure 3. Receiver operating characteristic (ROC) analysis of ONSD, 
ONSD/ETD index and ONSD/OTD index for distance from 10 mm 
posterior of the globe; ETD — eyeball transverse diameter; ONSD 
— optic nerve sheath diameter; OTD — orbital transverse diameter.

Table 1. Measurements made from 3 mm posterior of the globe

Measurements Control group (n = 40) PTC group (n = 42) P

Mean ± SD Min–Max Mean ± SD Min–Max

ONSD 4.444 ± 0.397 3.48–4.97 5.752 ± 0.678 4.48–7.42 p ≤ 0.001

ONSD/ETD 0.187 ± 0.018 0.14–0.22 0.246 ± 0.031 0.2–0.32 p ≤ 0.001

ONSD/OTD 0.155 ± 0.0181 0.11–0.2 0.207 ± 0.039 0.15–0.39 p ≤ 0.001

ICP – – 28.523 ± 7.002 16–41 –

ETD — eyeball transverse diameter; ICP — intracranial pressure; ONSD — optic nerve sheath diameter; OTD — orbital transverse diameter; PTC — pseudotumour cerebri; SD — stan-
dard deviation; min — minimum; max — maximum

Figure 2. Receiver operating characteristic (ROC) analysis of ONSD, 
ONSD/ETD index and ONSD/OTD index for distance from 3 mm pos-
terior of the globe; ETD — eyeball transverse diameter; ONSD — 
optic nerve sheath diameter; OTD — orbital transverse diameter.

Table 2. Measurements made from 10 mm posterior of the globe

Measurements Control group (n = 40) PTC group (n = 42) P

Mean ± SD Min–Max Mean ± SD Min–Max

ONSD 3.727 ± 0.452 3.05–4.77 4.782 ± 0.797 3.54–6.9 p ≤ 0.001

ONSD/ETD 0.156 ± 0.019 0.13–0.21 0.204 ± 0.036 0.14–0.29 p ≤ 0.001

ONSD/OTD 0.170 ± 0.025 0.12–0.23 0.227 ± 0.064 0.14–0.52 p ≤ 0.001

ICP – – 28.523 ± 7.002 16–41 –

ETD — eyeball transverse diameter; ICP — intracranial pressure; ONSD — optic nerve sheath diameter; OTD — orbital transverse diameter; PTC — pseudotumour cerebri; SD — stan-
dard deviation; min — minimum; max — maximum
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In addition, the increase in ONSD was found to be 
statistically significant for both the right and left sides 
in the measurements made from both distances in the 
patient group (from 3 mm and 10 mm, p ≤ 0.001). 
This result is an indirect indication of a significant 
increase in ICP in the patient group.

The distribution of the bilateral ONSDs and two 
indices of the patients for the control and PTC groups 
are shown in Table 3. There was no significant dif-
ference between measurements of ONSD and cal-
culations for two indices between the right and left 
sides (p > 0.05).

DISCUSSION
One of the most accurate and simplest invasive 

methods for measuring ICP is LP. This indirect and 
imprecise procedure is still commonly used, but the 
invasive nature of the method, the need for a doctor 
to perform the procedure, technical difficulties, and 
unwanted complications such as bleeding and infec-
tion are risk factors for this method [23].

Because of these risk factors, researchers have 
sought noninvasive approaches to determine ICP. Dif-
ferent methods of measuring ONSD have been previ-
ously shown in many studies: in postmortem samples 
(direct measurement) and in patients with increased 
intracranial pressure by noninvasive ultrasound, CT, 
or MRI [6, 12, 15, 16]. It has been determined that 
indirect measurement of ICP using ONSD measure-
ments on MRI is reliably associated with invasive ICP 
measurement [10, 14].

An increase in ICP appears in the majority of cra-
nial pathologies [7]. Different thresholds have been 
defined to show the increase in ICP in various popu-
lations. Previous studies reported a direct relationship 
between increased ICP and ONSD in patients with 

traumatic and nontraumatic brain injuries [3, 8, 14, 
22, 24, 26]. Similarly, in our study, we verified re-
cent results, showing that a linear regression model 
demonstrates a strong correlation between ICP and 
ONSD.

We can address the discussion from two sides: 
First, what are the results of ONSD measurements  
in patients with PTC and are they compatible with  
the literature? Second, what is the methodological 
comparison of the measurements we used in the 
study?

Optic nerve sheath diameter is calculated by var-
ious radiological methods in the literature, but as  
a result of those studies, the researchers did not in-
troduce generally accepted protocols to standardise 
the use of the ONSD technique. Some authors re-
ported ONSD readings taken from different distances 
from the globe. Therefore, there may be differences 
between our results and those results [11, 13–15].

In the study comparing different location points 
far from the eyeball for ONSD measurements, it was 
found that the most stable results were obtained 
when the diameter was measured at a distance of 
10 mm from the globe [27]. In the present study, we 
measured ONSD distances from 3 mm and 10 mm  
posterior to the globe on MRI. We found that the 
ONSD measurement in patients with PTC was sig-
nificantly greater than that in the control group at 
both distances. Moreover, in the ROC analysis to 
analyse the predictive value of measurements for 
PTC diagnosis, the diagnostic accuracy of ONSD at  
3 mm was slightly higher than that found for ONSD at  
10 mm. We detected positive and statistically signifi-
cant correlations between the LP pressure and ONSD 
measures for both the 3 mm (r = 0.708, p ≤ 0.001) 
and 10 mm (r = 0.572, p ≤ 0.001) distances.

Table 3. Measurements of the bilateral ONSDs and two indices for the control and PTC group

Measurements Control group (n = 40)
Mean ± SD

PTC group (n = 42)
Mean ± SD

Right Left Right Left

ONSD 3 mm 4.473 ± 0.391 4.416 ± 0.415 5.719 ± 0.69 5.785 ± 0.708

10 mm 3.737 ± 0.509 3.717 ± 0.450 4.780 ± 0.761 4.783 ± 0.868

ONSD/ETD 3 mm 0.187 ± 0.019 0.186 ± 0.019 0.245 ± 0.033 0.247 ± 0.032

10 mm 0.156 ± 0.022 0.156 ± 0.019 0.205 ± 0.036 0.204 ± 0.038

ONSD/OTD 3 mm 0.155 ± 0.018 0.155 ± 0.019 0.205 ± 0.038 0.209 ± 0.041

10 mm 0.170 ± 0.029 0.171 ± 0.024 0.228 ± 0.064 0.226 ± 0.066

ETD — eyeball transverse diameter; ICP — intracranial pressure; ONSD — optic nerve sheath diameter; OTD — orbital transverse diameter; PTC — pseudotumour cerebri; SD — stan-
dard deviation
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On the other hand, in the literature an individual 
approach is recommended for the application of the 
ONSD method. Although ONSD and LP are related 
in a single patient, they can differ significantly from 
patient to patient. While 6.6 mm ONSD was measured 
at 5 mmHg ICP in one patient, 7 mm ONSD was meas-
ured at 30 mmHg ICP in the other patient. It should be 
noted that ONSD measurements depend on the elas-
ticity, extensibility, and thickness of the dura mater 
exhibiting individual variations [5, 29]. Therefore, ICP 
assessment based on ONSD measurement in clinical 
examination should only be considered individually, 
evaluating the first and subsequent ONSD and ICP 
results together and making specific calculations for 
a particular patient.

In patients with PTC, the ONSD/ETD ratio was 
significantly greater than that in the control group, 
and it showed a positive correlation with ICP. Fur-
thermore, their sensitivity and specificity were high 
for both indices calculated from 3 mm and 10 mm 
posterior of the globe. In the literature, only one 
study was performed related to ONSD/ETD and ICP 
in cases with hypertension. The authors found that 
the ONSD/ETD ratio was 0.29 ± 0.04 against 0.19 ± 
± 0.02 in healthy adults and that the ONSD/ETD 
index correlated well with ICP both during the de-
velopment of the pathology (i.e., ICP↑, ONSD↑) and 
during recovery (i.e., ICP↓, ONSD↓) [3]. As far as we 
know, there is no study investigating the relationship 
between the ONSD/OTD index and ICP in patients 
with PTC and other patient groups. The ONSD/ETD 
index correlated with ICP in patients with PTC, and its 
sensitivity and specificity were high. Furthermore, the 
ONSD/OTD index calculation 3 mm distance from the 
globe showed greater sensitivity and specificity than 
the index calculated 10 mm distance later.

The SD is a number that measures the spread of 
a data distribution. A high SD means that the num-
bers are spread out more. A low SD across studies 
indicates that the data points are close to the mean. 
ONSDs reported in the same studies have wide SDs 
that often overlap in the control and patient groups. 
To improve this situation, researchers have suggested 
indices such as ONS/ONSD and ONSD/ETD; these indi-
ces have insignificant SD [6, 27]. In our study, while 
the SD of the ONSD measurements varied from 0.39 
to 0.79 at various locations, the SDs of the ONSD/ 
/ETD and ONSD/OTD indices were 0.018–0.064 and 
0.018–0.038, respectively, which ensured very precise 
normative data.

Limitations of the study

We have two potential limitations. The first is 
the number of patients, and the second is the slice 
thickness of the MRI. Although the methodology of 
our study was well-founded, it consisted of a relatively 
small number of PTC patients. Future studies would 
be useful with more PTCs that could validate the re-
sults of our study. In the MRI technique, we used in 
our study, our slice thickness varied between 3 and  
4 mm. The use of scanners with thinner sections may 
be useful for more accurate analysis of the optic nerve.

CONCLUSIONS
Our study shows that MRI findings, including 

ONSD, ONSD/ETD and ONSD/OTD indices, are reliable 
neuroradiological measures to diagnose PTC in pa-
tients. In cases with high ICP, ONSD and ONSD/ETD 
and ONSD/OTD ratios provide readings corresponding 
to ICP readings in millimetres of mercury. The use of 
these methods in clinical practice may help provide 
early accurate diagnosis and early treatment, but 
the limitations of these methods should be taken 
into account.

Other imaging modalities, such as orbital MRI 
or MR venography, may be added to routine clinical 
examinations to more accurately diagnose, detail the 
findings and investigate new features of PTC.
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