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Objective This study was conducted to evaluate the association between changes in repeated
brain computed tomography (CT) findings and the optic nerve sheath diameter (ONSD) deter-
mined by ocular ultrasonography in patients with moderate blunt traumatic brain injury (TBI).

Methods This cross-sectional study was performed on patients with moderate blunt TBI (Glasgow
Coma Scale, 9-12) who were referred to the emergency department during a 1-year period. Ini-
tially, all patients underwent a brain CT scan and primary ocular ultrasonography. Patients who
were candidates for a second brain CT scan under observation in the emergency department also
underwent a second ocular ultrasound. The primary outcome was the progression of brain le-
sions on repeated brain CT scans. Logistic regression and the area under receiver operating char-
acteristic curve (AUC) were used.

Results Overall, 204 patients with a mean age of 43+ 13.4 years were enrolled in the study. The
study detected expanding changes in brain CT scans from 29 patients (14.2%). The progression
of lesion on CT scan were significantly associated with changes in the Glasgow Coma Scale. In
the second brain CT scan, there were significant associations between the progression of lesion
on CT scan and the increased size of the ONSD measured on both axial and coronal sections
(odds ratio, 17.3-47.5: AUC, 0.88-0.93).

Conclusion Among patients with moderate TBI, an increase in ONSD on ocular ultrasound seems
to be an appropriate criterion for repeating a brain CT scan to select a suitable therapeutic inter-
vention.
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What is already known

Capsule
Summary

without brain damage.

What is new in the current study

computed tomography scan.

Ocular ultrasound is used as a diagnostic method to determine intracranial pressure through measurement of the optic
nerve sheath diameter (ONSD). Individuals with brain lesions and injuries usually have a larger ONSD than individuals

Ocular ultrasonography of ONSD can be helpful in monitoring patients with moderate traumatic brain injury. An in-
creased ONSD in ocular ultrasound may be associated with progression of the brain injury or the development of a seri-
ous new brain injury. Increased ONSD on ocular ultrasound appears to be an appropriate criterion for repeating a brain

INTRODUCTION

A brain computed tomography (CT) scan is the first diagnostic
imaging procedure for patients with traumatic brain injury (TBI)
admitted to the emergency department (ED). It is performed in all
patients with moderate TBI. Under certain conditions, conducting
a delayed brain CT scan is recommended to assess the progres-
sion of brain injury. However, delayed brain CT scans are not indi-
cated in some cases and impose additional costs on the health
system and expose patients to some complications. So, along with
clinical criteria, it is necessary to develop an accessible, rapid, and
safe diagnostic method for estimating the extent of TBIs [1,2].
The ocular ultrasound is used as a diagnostic method to deter-
mine intracranial pressure (ICP) by measuring optic nerve sheath
diameter (ONSD) [3,4]. Several studies performed to evaluate the
applicability of ocular ultrasound findings in assessing the severi-
ty of TBI have shown a significant positive correlation between
ONSD and ICP [5,6]. Also, the ratio of ONSD to the transverse di-
ameter of the eyeball in the ultrasound can be a significant pre-
dictor of changes in ICP [7]. Therefore, ONSD changes seem to be
directly related to cerebrospinal fluid pressure changes. Studies
have shown that patients with brain lesions and injuries usually
have a larger ONSD than individuals without brain damage [8,9].
So, in patients with progressing or newly developed TBI, ONSD
changes may indicate the need to repeat brain CT scans and con-
sider therapeutic interventions as soon as possible. This study
aimed to investigate the association between changes in repeat-
ed brain CT findings and the ONSD determined by ocular ultraso-
nography in patients with moderate blunt TBI.

METHODS

Ethical statements
This study was approved by the Ethics Committee of the Kerman
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University of Medical Sciences (No. IR.KMU.AH.REC.1399.180).
Before patients entered the study, verbal consent was obtained
from each patient's medical proxy.

Study design

The study was a cross-sectional study on patients with moderate
blunt TBI (Glasgow Coma Scale [GCS], 9-12 of 15) referred to the
ED, a level Il trauma center, during 1 year from March 1, 2020 to
March 1, 2021. Inclusion criteria were age over 18 years, having
blunt head trauma with a GCS between 9 and 12 (moderate TBI),
and consent to participate from the patient's medical proxy. Ex-
clusion criteria were intubated patients, medical proxy not pro-
viding support for participation in the study, age < 18 years, pene-
trating head trauma, body mass index over 30 kg/m?, pregnancy,
having eyelid and orbital trauma and optic nerve injuries, emer-
gency conditions requiring immediate transfer of the patient to
the operating room, not repeating the brain CT scan, and ED ar-
rival delayed by over 2 hours after injury. First, after arriving and
having vital signs recorded, all patients underwent brain CT scans
(Asteion 4, Toshiba). Patients then underwent a primary ocular
ultrasound administered by an emergency medicine specialist at
most 30 minutes after the CT scan. The providers were blinded to
the results of the CT scans. The lesions observed on the brain CT
scan and the baseline ONSD diameter, as well as other required
information, were gathered by an emergency medicine assistant
(postgraduate grade year 3) using a questionnaire. In patients who
underwent a second brain CT scan based on a neurosurgeon's
counseling, a second ocular ultrasound was performed by the
same emergency medicine specialist. According to the results,
brain CT scans categorized patients into two groups: those with
and without noticeable progression (expanding changes of intra-
cranical lesions). Finally, changes in these two groups in ONSD
and other variables were assessed.
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Measurements

In both coronal and axial sections, a linear probe (7.5 MHz) with
a standard technique of ultrasound machine (MX7, Mindray) was
used to determine the ONSD. First, the patients were placed in a
supine position. Then their closed eyelids were soaked with a ster-
ile gel. A linear probe was placed transversely over the patient's
closed eyelid to obtain an axial view of the optic nerve. ONSD
was measured at 3 mm posterior to the papilla. The probe was
placed in a craniocaudal position to determine ONSD in the coronal
view. The exact measurements were performed for both eyes [10].

Variables and outcomes

Age, sex, GCS, heart and respiratory rates, and ocular ultrasound
findings (the ONSD of right and left eyes in both axial and coro-
nal sections) were recorded. The primary outcome was the progres-
sion of brain lesions on repeated brain CT scans. We compared
the variables according to the outcome.

Statistical analysis

Continuous variables were analyzed using the Student t-test, and
categorical variables were analyzed using the chi-square test. For
quantitative variables, mean * standard deviation was used. Odds
ratios and 95% confidence intervals were used to express the as-
sociation between the severity of the change of ONSD and an
expanding change on the brain CT scan. Logistic regression was
performed between brain CT scan and ONSD changes. Then the
sensitivity, specificity, positive predictive value, negative predic-
tive value, and the area under the curve (AUC) for predicting the
need for repeating brain CT scans were calculated for ONSD. A P-

251 Patients were included

47 Excluded

15 Intubated patients

10 No consent
6 Age <18 yr
4 Penetrating TBI
2 Body mass index > 30 kg/m’
2 Pregnant patients
2 Orbit injuries
2 Need for emergent surgery
2 No repeat CT
2 Delayed arrival

204 Enrolled in the study

Fig. 1. Flowchart showing enrollment of patients. TBI, traumatic brain
injury; CT, computed tomography.
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value of <0.05 was considered statistically significant.

RESULTS

Overall, 251 patients with a diagnosis of moderate blunt TBI were
admitted to the ED, of whom 47 were excluded, and finally, 204
patients were enrolled in the study (Fig. 1). The mean age of the
patients was 43 + 13.4 years. Regarding sex, 145 patients (71.1%)
were male, and 59 patients (28.9%) were female. Brain CT scan
findings were normal in 23 patients (11.3%), 17 (8.3%) had skull
fractures, 20 (9.8%) had a cerebral hemorrhage, and 144 (70.6%)
had mixed lesions (more than one lesion such as intracranial hem-
orrhage, subdural hematoma, epidural hematoma, subarachnoid
hemorrhage, contusion). Expanding changes in brain CT scans
were observed in 29 patients (14.2%) (Table 1). The patients were
divided into two groups: patients with and without brain CT scan
expanding changes. Accordingly, there was a significant relation-
ship between brain CT scan expanding changes and GCS (P=0.03);
however, age, sex, respiratory, and heart rates were not signifi-
cantly associated with brain CT scan expanding changes. Regard-
ing the first ocular ultrasound, there was no significant relation-
ship between changes in the brain CT scan and ONSD at axial
and coronal sections in the right and left eyes. However, regard-
ing the second brain CT scan, there were significant differences
between the brain CT scan expanding changes with the increased
size of the ONSD of the right and left eyes in both axial and coro-
nal sections (P<0.01) (Tables 2, 3). In the univariate logistic re-
gression analysis based on increased size of the ONSD, this sig-
nificant difference was shown. As depicted, there were 47.5 times

Table 1. Patients' characteristics (n=204)

Characteristic Value
Age (yr) 43.0£134
Sex

Male 145 (71.1)

Female 59 (28.9)
Glasgow Coma Scale 10.6+1.2
Heart rate (beats/min) 100.7+21.0
Respiratory rate (breaths/min) 225+4.8
CT scan finding

Normal 23(11.3)

Skull fracture 17 (8.3)

Hemorrhage 20 (9.8)

Mixed 144 (70.6)
CT scan expanding changes

Yes 29 (14.2)

No 175 (85.8)

Values are presented as mean + standard deviation or number (%).
CT, computed tomography.

www.ceemjournal.org
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Table 2. Comparison of clinical variables and ONSD according to the
brain CT changes

CT scans expanding changes
Variable P-value
No (n=175) Yes (n=29)

Age (yr) 43.4+133 404+135 0.26
Sex - - 0.1
Glasgow Coma Scale 10.7+1.2 10.1+1.1 0.03
Heart rate (beats/min) 101.0+20.4 99.0+24.5 0.64
Respiratory rate (breaths/min) 22.3+48 24.1+49 0.05
Ocular ultrasonography finding
First
Coronal ONSD (mm)
Right 5.6+0.6 5.8+0.7 0.33
Left 5.6+0.6 57+0.8 0.36
Axial ONSD (mm)
Right 6.8+0.6 7.0+0.7 0.31
Left 6.7+0.6 6.8+0.8 0.30
Second
Coronal ONSD (mm)
Right 53+0.5 6.7+0.5 <0.01
Left 53+0.5 6.6+0.5 <0.01
Axial ONSD (mm)
Right 6.5+0.5 7.8+0.6 <0.01
Left 6.4+0.5 7.7+0.5 <0.01

Values are presented as mean £ standard deviation.
ONSD, optic nerve sheath diameter; CT, computed tomography.

Table 3. Comparison of CT scan and ONSD changes

CT scans expanding changes

ONSD changes P-value
No Yes

Right coronal <0.01
Increased 5(15.6) 27 (84.4)
No changes 6(85.7) 1(14.3)
Decreased 164 (99.4) 1(0.6)

Left coronal <0.01
Increased 7 (20.0) 28 (80.0)
No changes 32 (100) 0(0)
Decreased 136 (99.3) 1(0.7)

Right axial <0.01
Increased 4(13.3) 26 (86.7)
No changes 3(100) 0(0)
Decreased 168 (98.2) 3(1.8)

Left axial <0.01
Increased 12 (30.0) 28 (70.0)
No changes 10 (100) 0(0)
Decreased 149 (99.3) 1(0.7)

Values are presented as number (%).
CT, computed tomography; ONSD, optic nerve sheath diameter.

the odds of brain CT scan expanding changes in the patients with

increased ONSD on the left coronal section. Other sonographic
sections showing significant associations with changes on the
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Table 4. Univariate logistic regression analysis based on increased ONSD

Odds ratio

| ize of ONSD P-val
iR CREr s (95% confidence interval) value
Right coronal 25.0 (8.1-76.5) <0.01
Left coronal 47.5(13.4-168.0) <0.01
Right axial 17.3 (6.1-48.3) <0.01
Left axial 34.2 (11.0-106.3) <0.01

ONSD, optic nerve sheath diameter.

Table 5. Test characteristics and AUC of ONSD change with the cutoff
of 0.5 mm

Sensitivity Specificity PPV NPV

NSD Al
ONS %) ) %) @) ue
Right coronal 96.1 85.7 55.1 92.2 0.90
Left coronal 97.8 89.6 63.2 99.6 0.93
Right axial 94.2 84.2 51.9 98.8 0.88
Left axial 96.1 89.6 62.4 99.3 0.92

AUC, area under the curve; ONSD, optic nerve sheath diameter; PPV, positive pre-
dictive value; NPV, negative predictive value.

brain CT are also noted (P<0.01) (Table 4). To determine the cut-
off for the desired variables, we first performed logistic regression
and then calculated the sensitivity and specificity for different
cutoffs and selected the cutoff (0.5 mm) that had the highest
sensitivity and specificity. Finally, both axial and coronal sections
were used to calculate the sensitivity, specificity, positive predic-
tive value, negative predictive value, and AUC of ONSD for the
right and left eyes. The best results were related to the left coro-
nal section for sensitivity, specificity, positive predictive value,
negative predictive value, and AUC of ONSD (97.8%, 89.6%, 63.2%,
99.6%, 0.93, respectively) (Table 5).

DISCUSSION

This study investigated the value of ONSD obtained on ocular ul-
trasonography for the need to repeat a brain CT scan in patients
with moderate blunt head TBI. Our results indicate that patients
with a difference between the first and second ONSD might have
a potential for the progression of the brain injury or the develop-
ment of a new severe brain injury. Therefore, repeat head CT is
recommended in these patients. Also, a decrease in GCS should
be an indication for repeating the brain CT scan for these patients.

The optic nerve is part of the central nervous system. It is sur-
rounded by the subarachnoid cerebrospinal fluid and dura mater.
In the case of increased ICP, the size of the ONSD also increases.
Ocular ultrasonography of the ONSD is a simple, noninvasive, and
safe method for estimating cerebral ICP that can be an excellent
alternative to invasive approaches. As a diagnostic method, ONSD
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measurement in patients with head trauma by ocular ultrasound
was introduced years ago. Measurements are performed with a lin-
ear probe 3 mm behind the optic disc, in which the presence of a
hypoechoic structure with a size of up to 5 mm is normal; never-
theless, a size above 5.7 mm indicates intracerebral hypertension
[11]. Changes in ONSD correlate with ICP variations, so increased
ICP (in conditions such as cerebral edema) is associated with ele-
vated ONSD. On the other hand, ONSD decreases in situations
where ICP is reduced (e.g., hyperventilation) [12,13]. Therefore, in
patients with head trauma, the constant monitoring of ONSD by
ocular ultrasonography can help monitor ICP and determine the
prognosis of these patients. In one study, patients with reduced
ONSD had a good prognosis and usually did not need surgery [14].
In addition to predicting ICP changes, ONSD dynamic changes
may help predict bleeding volume and even the outcome in in-
tracranial hemorrhage (ICH) patients. In their study, Skoloudik et
al. [15] showed that the size of ONSD increases with bleeding
volume in ICH patients. Their study showed that an ONSD size
greater than 0.66 mm on an ocular ultrasound could predict a
cerebral hemorrhage of more than 2.5 cm?®, with a diagnostic ac-
curacy of >90% [15]. In another study, Bender et al. [16] repeat-
edly measured ONSD by ocular ultrasound in patients with exac-
erbating clinical conditions, who often underwent brain CT scans.
Their study showed that patients with elevated ONSD had worse
outcomes. They also found significant relationships between ele-
vated ONSD and decreased GCS and ICH bleeding volume [16].
Naldi et al. [17] also declared in their study that ICH patients had
greater ONSD values than individuals without cerebral hemor-
rhage. Considering the correlation between ONSD and ICP chang-
es, ocular ultrasound could be a reliable tool for monitoring pa-
tients with cerebral hemorrhage [9]. In our study, we also found a
significant relationship between ONSD size in ocular ultrasound
and either newly developed lesions or the progression of incre-
mental lesions observed in brain CT scans. This means that the
patients who showed signs of new injuries in the brain CT scan
also had elevated ONSD on ocular ultrasound, suggesting the
need to repeat the brain CT scan. Overall, ONSD monitoring in the
ED can be beneficial for the rapid diagnosis of brain injury. In their
study, Guzeldag et al. [18] showed a significant inverse correla-
tion between ONSD and GCS, meaning that with decreasing GCS,
there was an increase in the size of ONSD. Consistently, we also
showed that the patients who developed new brain injuries or re-
vealed deterioration in brain CT scans also had a decline in GCS,
which could be a criterion for repeating the scan. Several studies
in this field align with our research [19-21].

The limitations of this study include being a single-center study,
not including patients with severe TBI, pregnant women, obese
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patients, and those under 18 years of age, and the fact that some
patients' medical proxies did not give consent for participation.

In conclusion, ocular ultrasonography of ONSD can help moni-
tor patients with moderate blunt TBI in the ED. In these patients,
increased ONSD on ocular ultrasound appears to be an appropri-
ate criterion for repeating a brain CT scan and performing appro-
priate therapeutic interventions.
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