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Abstract
Purpose  To determine the accuracy of bedside sonographic measurements of optic nerve sheath diameter (ONSD) and 
ONSD/eyeball transverse (ETD) diameter ratios to predict space-occupying lesions (SOLs) or elevated intracranial pressure 
(ICP) in pediatric head trauma.
Methods  Children who presented to the emergency department with head trauma and underwent cranial computed tomog-
raphy (CT) were enrolled and examined by ocular ultrasonography (US), and the ONSD was measured at 3 mm posterior 
to the globe and ETD were measured. Ratios of ONSD at 3 mm/ETD were calculated. All ONSD measurements and ratios 
were calculated from cranial CT images.
Results  Subjects with elevated ICP had increased ONSD measurements and ratios. To predict elevated ICP, the AUC for 
ONSD at 3 mm was 0.956 (95% CI 0.896–1). At a cut-off level of 5.1 mm, the sensitivity and specificity of ONSD 3 mm 
values for elevated ICP were 92.9% and 94.0%. For the ONSD 3 mm/ETD ratio, it was 0.980 (95% CI 0.959–1). At a cut-off 
level of 0.22, the sensitivity and specificity were 100% sensitivity and 88.0%. All sonographic ONSD measurements and 
ratios were significantly correlated with readings calculated from cranial CT images.
Conclusion  Sonographic ONSD measurements and ratios were found to be quite sensitive to detect elevated ICP on cranial 
CT images. Additionally, there was a significant correlation between measurements calculated by ocular US and cranial CT 
scans. Bedside ocular US seems to be a promising and useful tool to determine ICP in children with head trauma.
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Introduction

Head trauma is responsible for a significant rate of emer-
gency department (ED) visits and hospitalizations for chil-
dren, and traumatic brain injury (TBI) is a leading cause of 
pediatric disability and mortality [1].

After TBI, the intracranial compensatory reserve may 
deteriorate due to space-occupying lesions (SOLs) or cer-
ebral edema, resulting in elevated intracranial pressure 
(ICP), which is associated with poor neurological outcomes. 

Management of severe TBI is mainly based on achieving 
optimal cerebral perfusion pressure [2, 3]. Clinical findings 
are often nonspecific in pediatric patients. Funduscopic 
examination is helpful but the child may not stay calm dur-
ing examination and it remains uncertain when papilledema 
occurs after an acute elevation of ICP [4, 5]. Neuroimaging 
techniques such as cranial computed tomography (CT), mag-
netic resonance imaging (MRI), and transcranial Doppler 
ultrasonography (US) are also used, but they have some dis-
advantages such as exposure to ionizing radiation, prolonged 
transport time, high cost, and need for sedation, and they 
may not be readily available in some emergency settings [6, 
7]. The gold standard for ICP measurement includes inva-
sive techniques such as intraventricular catheterization or 
intraparenchymal microtransducers, requiring a neurosur-
geon and an intensive care unit. Therefore, a noninvasive and 
more practical tool is required for evaluating ICP.

Bedside sonographic assessment of the optic nerve sheath 
has gained popularity for estimating ICP in recent years 
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[8–21]. It is easy to learn and perform, rapid, repeatable, and 
cost-effective [12–14]. The optic nerve sheath distends as 
the ICP increases due to the enlargement of the underlying 
subarachnoid space and it is stated that this change occurs 
within minutes of acute increase in ICP [2, 10]. But few 
studies have evaluated optic nerve sheath diameter (ONSD) 
measurements of pediatric subjects [12–16].

Eyeball transverse diameter (ETD) was found to correlate 
with ONSD, and the ONSD measured at 3 mm posterior to 
the globe/ETD ratio was suggested to be a useful value to 
avoid the overlapping of standard deviations of normal and 
pathologic ONSD values and changes of the globe in indi-
viduals. But there are no data evaluating ONSD/ETD ratios 
for children [22–24].

The primary outcome of our study was to determine the 
accuracy of bedside sonographic measurements of ONSD 
at 3 mm behind the globe and ONSD/ETD ratios to predict 
SOLs or elevated ICP in children who presented to the emer-
gency department with head trauma and underwent cranial 
CT. The secondary outcome was to assess the correlation of 
ONSD measurements calculated from ocular US and cranial 
CT images.

Materials and methods

Study design

The study was performed between April 2018 and November 
2018 in the pediatric ED of a tertiary level hospital with 
approximately 120,000 pediatric emergency department 
admissions annually. The study protocol was approved by 
the Local Ethics Committee (approval number: 2018/18–31). 
Written informed consent was obtained from the parents or 
legal guardians of each participant before enrollment in the 
study. All procedures followed were in accordance with the 
ethical standards of the Declaration of Helsinki.

Previously healthy children aged between 1 month and 
18 years, who presented to the pediatric emergency depart-
ment with head trauma and underwent cranial CT according 
to the Pediatric Emergency Care Applied Research Network 
(PECARN) rules, were included [10]. Patients with chronic 
neuromuscular disease, metabolic or genetic disorders, ocu-
lar trauma, glaucoma, refraction errors, optic disc drusen, or 
a history of prematurity were excluded. The demographic 
data, trauma mechanism, vital signs, clinical findings, and 
Glasgow Coma Scale (GCS) scores were recorded. The GCS 
scores of the patients were divided into three groups: 15, 
9–14, and ≤ 8.

Measurements

After clinical evaluation and immediate intervention if 
needed, subjects were examined by ocular US by a single 
pediatric emergency fellow who was unaware of the clini-
cal/radiological findings and was well trained on didactic 
and goal-directed ocular sonography. In the supine posi-
tion with eyelids closed, patients were instructed to remain 
calm and keep their gaze at the midline. Infants were kept 
waiting until they seemed calm or fell asleep, using paci-
fiers or distraction techniques during the examination if 
they were uncooperative. A transparent barrier was placed 
on the eyelid before applying the ultrasound gel to mini-
mize discomfort. Sonographic examination was performed 
with a Philips ClearVue 350 portable system with an 
L12-4 MHz linear transducer. A large amount of gel was 
applied to the outside of each eyelid. Measurements were 
taken in the transverse plane with the transducer horizon-
tal. The sheath was demonstrated as a bilateral hypoechoic 
line, cursors were placed on the outer edge, and the ONSD 
was calculated perpendicular to the vertical axis as the 
horizontal distance between the two cursors. The ONSD 
was measured at 3 mm posterior to the globe in the ante-
rior axial transbulbar view. The ETD was measured as 
the maximal transverse diameter of the eyeball (retina to 
retina). The ratio of ONSD measurement at 3 mm/ETD 
was calculated (Fig. 1).

All cranial CT scans were obtained by a 128-slice CT 
scanner (Toshiba Aquilion Prime). Images were evaluated 
and reported by a pediatric radiologist, and elevated ICP 
was considered positive if one or more of the following 
were present: midline shift (at least 3 mm), effacement 
of sulci, collapse of the third ventricle, hydrocephalus, or 
abnormal mesencephalic cistern. According to cranial CT 
findings, patients were divided into three groups: Group 1: 
Elevated ICP (+). Group 2: Space-occupying lesion (SOL) 
(+) and elevated ICP (−): Depressed skull fracture and/or 
intracranial hemorrhage (epidural, subdural, subarachnoid, 
intraparenchymal) or cerebral contusion without elevated 
ICP. Group 3: SOL (−) and elevated ICP (−).

The ONSD at 3 mm posterior to the globe, the ETD 
measurements, and the ratios were determined from cra-
nial CT images (Fig. 1). Finally, the mean values of right 
and left eyes were recorded.

Statistical analysis

All statistical analyses were performed using SPSS 22.0 
for Windows. Categorical and continuous variables were 
reported as frequencies and percentiles, and means with 
standard deviations (SDs) or medians with interquartile 
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ranges (IQRs). The Mann–Whitney U test was used to 
compare nonparametric variables and Student’s t test 
was performed for parametric data. The nonparamet-
ric Kruskal–Wallis test was used to compare the ONSD 
values and ratios according to the GCS groups. Correla-
tions between measurements calculated from US and CT 
images were assessed with Spearman’s rank correlation 
coefficient. To determine cut-off values of ONSD measure-
ments and ratios to predict elevated ICP and intracranial 
lesions, the receiver operating characteristic (ROC) curve 
was drawn and sensitivity and specificity were calculated. 
Values of p < 0.05 were considered statistically significant.

Results

Study population

One hundred forty-seven children were enrolled in the 
study. The median age was 8.0 years (IQR 4.0–13.0). 
Of the patients, 100 (68.1%) were female. The most 
common trauma mechanism was falling from a height. 
Table 1 details the trauma mechanisms of our patients. 
For 107 (72.8%) patients, the GCS score was 15; for 23 
(15.6%), it was 9–14; and for 17 (11.6%), it was ≤ 8. Of 

Fig. 1   Measurements of ONSD 
at 3 mm and eyeball diameters 
on US and cranial CT scan. 
ONSD optic nerve sheath 
diameter, US ultrasound, CT 
computed tomography
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the 147 children, 59 had abnormal cranial CT findings. 
Skull fracture was detected in 40 (27.2%) patients, being 
depressed in 22 (15.0%) cases and non-depressed in 18 

(12.2%). Intracranial hemorrhage was determined in 33 
(22.4%) of the subjects; 17 (11.6%) patients had subdural 
hemorrhage (SDH), 12 (8.2%) had intraparenchymal 
hemorrhage (IPH), 11 (7.5%) had epidural hemorrhage 
(EDH), 10 (6.8%) had subarachnoid hemorrhage (SAH), 
and 6 (4.1%) had cerebral contusion. Elevated ICP was 
found in 14 (9.5%) of the patients. The numbers of sub-
jects according to cranial CT findings divided into three 
groups were as follows: Group 1: Elevated ICP (+): 14 
patients (9.5%). Group 2: SOL (+) and elevated ICP (−): 
27 patients (18.4%). Group 3: SOL (−) and elevated ICP 
(−): 106 patients (72.1%) (Table 1).

Ultrasound findings

The patients with abnormal cranial CT findings had higher 
sonographic ONSD measurements and ratios than those with 
normal CT results (p < 0.01) (Table 2). As the GCS scores 
decreased, a significant increase was observed in ONSD 
measurements and ratios (p < 0.001) (Table 3). Subjects with 
elevated ICP had increased ONSD measurements and ratios 
(p < 0.001) compared to those without elevated ICP accord-
ing to the cranial CT reports (Table 2). To predict elevated 
ICP, ROC analysis was performed and the value of the area 
under the curve (AUC) for ONSD at 3 mm was 0.956 (95% 
CI 0.896–1). At a cut-off level of 5.1 mm, the sensitivity 
and specificity of ONSD 3 mm values for elevated ICP were 
92.9% and 94.0%, respectively. For the ONSD 3 mm/ETD 
ratio, the AUC was 0.980 (95% CI 0.959–1). At a cut-off 
level of 0.22, the sensitivity and specificity were 100% and 
88.0%, respectively (Fig. 2).

In the group without elevated ICP findings on CT, sub-
jects with SOLs (n 27) had higher sonographic ONSD 
measurements and ratios (p < 0.001) compared with SOL 
(−) patients (n 106) (Table 2). To predict SOLs, the AUC 

Table 1   Trauma mechanisms, hospital admissions and cranial CT 
findings of the patients (n 147)

CT computed tomography, ICP intracerebral pressure, ICH intracra-
nial hemorrhage, SDH subdural hemorrhage, EDH epidural hemor-
rhage, SAH subarachnoid hemorrhage, IPH intraparenchymal hemor-
rhage, SOL space-occupying lesion

Trauma mechanism n (%)

Falling from a height 71 (48.3%)
Traffic accident (out of vehicle) 46 (31.3%)
Traffic accident (in vehicle) 16 (10.9%)
Hitting of the head 9 (6.1%)
Falling of an object onto head 5 (3.4%)
Cranial CT
 Normal 88 (59.9%)
 Abnormal 59 (40.1%)
  Elevated ICP 14 (9.5%)
  Intracranial hemorrhage 33 (22.4%)
   SDH 17 (11.6%)
   IPH 12 (8.2%)
   EDH 11 (7.5%)
    SAH 10 (6.8%)

 Contusion 6 (4.1%)
  Skull fracture 40 (27.2%)
   Depressed 22 (15.0%)
   Non-depressed 18 (12.2%)

According to elevated ICP or SOL on cranial CT find-
ings (n, %)

 Elevated ICP (+) 14 (9.5%)
 SOL (+), elevated ICP (−) 27 (18.4%)
 SOL (−), elevated ICP (−) 106 (72.1%)

Table 2   Sonographic ONSD measurements and ratios of the patients according to cranial CT findings (n 147)

Variables are expressed as mean ± SD
CT computed tomography, ICP intracerebral pressure, SOL space-occupying lesion, ONSD optic nerve sheath diameter, ETD eyeball transverse 
diameter

Ultrasound findings Cranial CT findings p

Normal (n 88) Abnormal (n 59)

ONSD 3 mm 4.09 ± 0.45 4.67 ± 1.05 0.001
ONSD 3 mm/ETD ratio 0.18 ± 0.02 0.21 ± 0.04  < 0.001

Ultrasound findings Elevated ICP (+) (n 14) Elevated ICP (−) (n 133) p

ONSD 3 mm 5.95 ± 0.87 4.15 ± 0.57  < 0.001
ONSD 3 mm/ETD ratio 0.27 ± 0.39 0.19 ± 0.24  < 0.001

Ultrasound findings SOL (+), elevated ICP (−) (n 27) SOL (−), elevated ICP (−) (n 106) p

ONSD 3 mm 4.52 ± 0.81 4.05 ± 0.45  < 0.001
ONSD 3 mm/ETD ratio 0.20 ± 0.03 0.18 ± 0.02 0.004
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for ONSD at 3 mm was 0.648 (95% CI 0.525–0.771). At 
a cut-off level of 4.0 mm, the sensitivity and specificity 
of ONSD 3 mm values for SOL were 75.0% and 63.0%, 
respectively (Fig. 3). There were 18 patients who had 
non-depressed skull fractures without any SOL. We com-
pared them with patients with normal cranial CT findings 
and found no difference in ONSD measurements or ratios.

Sonographic ONSD measurements and ratios were 
significantly correlated with ONSD readings calculated 
based on cranial CT images (p < 0.001) (Table 4).

The subjects with normal cranial CT scans had an 
increase in measurements of ONSD at 3 mm and ETD by 
age (p < 0.05), but the ratios of ONSD 3 mm/ETD did not 
statistically differ, respectively.

Discussion

Most of the trials about ONSD including children were 
performed by pediatric radiologists or ophthalmologists, 
but the experience of a pediatric emergency fellow to dem-
onstrate the utility of ocular sonography as a screening 
tool is crucial in an emergency department. It is easy and 
practical to perform, suggesting it would be a useful tool 
for the management of pediatric TBI [25, 26]. The ocular 
US in pediatric head trauma remains a first-level examina-
tion. Its practical value could be high in well-appearing 
children with suspected history and physical examination 
findings with low risk for clinically important TBI.

To our knowledge, this is the first study to evaluate 
sonographic ONSD measurements and ONSD/eyeball 
diameter ratios in pediatric head trauma patients.

We demonstrated the sonographic cut-off value to pre-
dict elevated ICP as 5.1 mm for ONSD measured at 3 mm 

Table 3   Sonographic ONSD measurements and ratios of the patients 
according to the GCS groups (n 147)

Variables are expressed as mean ± SD
ONSD optic nerve sheath diameter, ETD eyeball transverse diameter, 
GCS Glasgow Coma Scale Score

Ultrasound findings Glasgow Coma Scale Score p

15 (n 107) 9–14 (n 23)  ≤ 8 (n 17)

ONSD 3 mm 4.06 ± 0.52 4.50 ± 0.70 5.72 ± 0.89  < 0.001
ONSD 3 mm/ETD 

ratio
0.18 ± 0.02 0.21 ± 0.03 0.25 ± 0.04  < 0.001

Fig. 2   Receiver operating characteristic curve analyses of ONSD at 
3 mm and ONSD 3 mm/ETD ratio in patients with elevated ICP. To 
predict elevated ICP, the AUC for ONSD at 3 mm was 0.956 (95% CI 
0.896–1) and for the ONSD 3 mm/ETD ratio it was 0.980 (95% CI 
0.959–1). ICP intracerebral pressure, ONSD optic nerve sheath diam-
eter, ETD eyeball transverse diameter

Fig. 3   Receiver operating characteristic curve analyses of ONSD 
at 3 mm and ONSD 3 mm/ETD ratio in patients with SOL (+) and 
elevated ICP (−). To predict SOL, the AUC for ONSD at 3 mm was 
0.648 (95% CI 0.525–0.771) and for the ONSD 3  mm/ETD ratio it 
was 0.606 (95% CI 0.477–0.730). SOL space-occupying lesion, ICP 
intracerebral pressure, ONSD optic nerve sheath diameter, ETD eye-
ball transverse diameter

Table 4   Correlations between ONSD measurements and ratios calcu-
lated from ocular US and cranial CT images

ONSD optic nerve sheath diameter, US ultrasound, CT computed 
tomography, ETD eyeball transverse diameter

Characteristics r p

ONSD 3 mm 0.941  < 0.001
ONSD 3 mm/ETD ratio 0.891  < 0.001
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behind the globe. For children, cut-off values were stated 
differently for different age groups: 4 mm for < 1 year and 
4.5 mm for 1–16 years, or 4 mm for < 4 years and 5 mm 
for > 4 years, or 4.5 mm for < 1 year and 5 mm for > 1 year 
(measured at 3  mm behind the globe) [15–20]. We 
obtained 5.1 mm as the cut-off value for all ages because 
14 children enrolled in our study had elevated ICP findings 
and, among them, only one patient was under 1 year and 
4 were under 4 years, so we could not divide the subjects 
into age groups.

We also found the ONSD 3 mm/ETD ratios to success-
fully predict elevated ICP and detected the threshold values 
as 0.22. Du et al. assessed adult TBI patients and stated 
the thresholds for predicting elevated ICP as 5.53 mm (80% 
sensitivity, 79.3% specificity) for sonographic ONSD 3 mm 
and as 0.25 (90% sensitivity, 82.3% specificity) for the 
ONSD 3 mm/ETD ratio [21]. Kim et al. evaluated healthy 
adults and reported that the normal ONSD/ETD ratio ranged 
between 0.14 and 0.23 [18]. We are not aware of any previ-
ous data evaluating the ONSD/ETD ratio for children.

In the present study, ocular sonography was sensitive to 
predict SOLs even without elevated ICP findings on cranial 
CT images. We could also demonstrate thresholds for SOLs 
without elevated ICP findings as 4 mm for ONSD meas-
ured at 3 mm, suggesting that the increase in ICP could be 
recognized in the early period by using sonographic ONSD 
measurements without reflecting on cranial CT scans. In an 
adult study including 26 patients (trauma and non-trauma 
cases), ONSD had sensitivity of 60% (95% CI 27–86) and 
specificity of 100% (95% CI 76–100) for detecting any acute 
pathology on cranial CT [14]. Vaiman et al. concluded that 
the ONSD/ETD ratio was higher in subjects with intracranial 
hemorrhage compared with healthy adults [17].

The ratio of ONSD/ETD was found to correlate with 
ONSD but not with weight, height, sex, body mass index, 
or head circumference in adults and was suggested to be a 
useful ratio to avoid the overlapping of standard deviations 
of normal and pathologic ONSD values and changes of the 
globe in individuals [18]. In the present study, children with 
normal cranial CT results had an increase in measurements 
of ONSD at 3 mm and ETD by age but the ratios of ONSD 
3 mm/ETD did not correlate, and considering these ratios 
could help exclude changes by age for children. Although 
these patients had normal cranial CT results, they all expe-
rienced head trauma and emergency physicians were needed 
for neuroimaging. We think that these measurements have 
limited generalizability for all children, so data about the 
ONSD ratios of healthy individuals are also required. Fon-
tanel et al. concluded that the ONSD measurement at 3 mm 
had an increasing curve until approximately 10 years of age 
and then remained stable until 18 years with an upper limit 
of 4.5 mm [22].

Lee et al. assessed ONSD readings from 3 mm in adults 
with TBI on CT images and found measurements to increase 
in subjects with a positive CT scan compared with nega-
tive results. They stated that the ONSD at 3 mm was an 
independent factor to differentiate positive CT scans and 
found the threshold of 4.13 mm to predict TBI [16]. We 
demonstrated the sonographic cut-off value of ONSD 3 mm 
behind the globe as 4 mm to predict SOLs without elevated 
ICP findings. In our study, sonographic ONSD 3 mm ratios 
were also sensitive for predicting elevated ICP or SOL.

Our sonographic measurements were significantly cor-
related with measurements calculated from cranial CT 
images. Bhandari et al. assessed patients aged between 2 
and 60 years old who underwent VPS surgery, and they 
found that ocular US and cranial CT had good correlation 
for ONSD readings at 3 mm [23]. Driessen et al. evaluated 
128 children with craniosynostosis; although cranial CT 
scans were obtained for only 35 subjects, measurements on 
CT were correlated with ocular US results [38]. In another 
study including adult TBI patients, US and CT scans had 
good agreement for the ONSD 3 mm/ETD ratio [24].

Our study has some limitations. First, we used cranial CT 
findings to differentiate elevated ICP. Although this is not 
the gold standard, performing invasive ICP measurements is 
quite difficult in an emergency department. Second, the num-
ber of patients with elevated ICP was insufficient to obtain 
cut-off values of ONSD measurements and ratios according 
to age groups. Third, we did not record the weight, height, 
body mass index, or head circumference of our patients to 
evaluate the correlation between measurements. Finally, all 
US and CT scan measurements and ratios were calculated by 
one pediatric emergency fellow. Studies with the measure-
ments of multiple physicians are needed to demonstrate the 
utility of bedside ocular US in emergency settings.

In conclusion, sonographic ONSD measurements and 
ratios were found to be quite sensitive to detect elevated 
ICP or SOLs on cranial CT images. Additionally, there was 
a significant correlation between measurements calculated 
by ocular US and cranial CT scans. It was shown that sono-
graphic ONSD measurements and ratios were significantly 
increased in patients with intracranial lesions even without 
elevated ICP, suggesting that the increase in ICP could be 
recognized in the early period by using ocular US without 
reflecting on cranial CT images. Bedside ocular US seems to 
be a promising and useful tool to determine ICP in children 
with head trauma.
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