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Background: Ultrasonographic measurement of optic nerve sheath diameter is a simple, non-invasive, and reliable method of
detecting elevated intracranial pressure (ICP) in critical patients. Optic nerve sheath communicates with the dura mater covering the
brain and contains cerebrospinal fluid, allowing pressure transmission from the cranium. Therefore, changes in cerebrospinal fluid
(CSF) pressure have been shown to produce changes in ONSD.

Objective: This study aimed to assess the accuracy of optic nerve sheath diameter (ONSD) in diagnosis and follow-up patients with
disturbed conscious levels compared with CT brain and fundus examination.

Patients and Methods: One hundred forty-one participants were included in the study, classified into 76 cases admitted with
disturbed conscious levels due to elevated ICP and 65 controls. All patients were subjected to CT brain and optic nerve US and fundus
examination at the time of admission and follow-up after 48 h after proper management.

Results: The current study showed that ONSD is significant in predicting elevated ICP at the cut-off point of average ONSD of 5.19 mm
with 97% sensitivity and 98% specificity, and the area under the curve (AUC) was 0.996. The present study revealed a significant inverse
correlation between ONSD and GCS in patients with increased ICP.

Conclusion: Ultrasonic measurement of ONSD is a promising technique in diagnosing and following patients with disturbed
conscious levels.
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Introduction

Intracranial hypertension is a widely known severe condition caused by different diseases. Disease management and
diagnosis are challenging. The brain could be damaged by compressing effects on the intracranial structures or reducing
the blood flow. Brain ischemia or brainstem herniation is a possible complication of intracranial hypertension, which may
lead to destructive and fatal deterioration." Invasive intracranial devices are still the primary approach to measuring
intracranial pressure (ICP).?

Intracranial hypertension occurs when ICP is 20 mmHg. Invasive ICP monitoring is associated with many complica-
tions such as hemorrhage or infection with a significantly high risk of bacterial colonization.> As a result, it is essential to
find new non-invasive methods for monitoring ICP, even though several techniques are available.*

In case of the lack of invasive intracranial devices or contraindications in some situations, there are non-invasive
methods such as magnetic resonance imaging (MRI) and computed tomography (CT) scan that can be rapidly used to
predict increased ICP. However, these techniques are too expensive, need prolonged acquisition, are not available in all
health care centers, and usually need transporting the patient, which may be limited or harmful.’

Transcranial Doppler sonography (TCD) may give a picture representative of intracranial hypertension. The
Transcranial Doppler sonography pulsatility index reveals the reduction in the cerebral perfusion pressure caused by
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intracranial hypertension. On the other hand, it needs an expert radiologist, as TCD is not easy to perform, even with an
experienced physician.’

Fundus examination is widely used as an assessment tool in cases of cerebral edema because it is noninvasiveness,
easy to be repeated, and experienced ophthalmologists can be readily available as this technique has been used for
decades. However, it has some disadvantages as follows: it is operator-dependent, and the need to prepare the patient to
examine the form of mydriatic drops may interfere with assessing pupil responses and cause blurred vision. Also, it is
a qualitative assessment; therefore, it is challenging to monitor the changes accurately.’

Ultrasonographic (USG) measuring of optic nerve sheath diameter (ONSD) shows increased interest in the last years.
This is because ultrasonography has become a bedside and simple tool commonly used in emergencies.”

The equipment needed is usually cheap and available. The ICP can be indirectly evaluated through the measurement
of the optic nerve, anatomically occurring in the subarachnoid space and wrapped with a sheath derived from the
meninges, extending towards the orbit.” This communication allows CSF to transfer, transmitting the changes between
ICP and infraorbital subarachnoid spaces pressure.'’

Objectives
This research aimed to evaluate the accuracy of optic nerve sheath diameter (ONSD) in diagnosing and follow-up
patients with disturbed conscious levels compared with CT brain and fundus examination.

Patients and Methods
The current study was conducted in the ICU of Fayoum University Hospital from January 2020 to September 2021. One
hundred forty-one participants were included, divided into 76 cases admitted with disturbed conscious levels due to
elevated ICP, and 65 controls.

The study complied with the Declaration of Helsinki and was approved by the Ethics Committee of the Faculty of
Medicine, Fayoum University (No 403) in January 2020 before the study began. Informed written consents for
participation were taken and signed by the eligible relatives before recruitment and randomization.

Inclusion criteria: age older than 18 years, traumatic brain injuries, intracranial hemorrhages, stroke, metabolic
(hepatic, uremic, electrolyte disturbance), brain inflammation (meningitis, encephalitis), and intracranial tumors.

Exclusion criteria: age <18 years, eye diseases (such as glaucoma, lens opacity), orbit diseases, and fracture.

All Patients Were Subjected to the Following
All patients were subjected to CT brain and optic nerve US and fundoscopy at the admission before starting management
and follow-up after 48 h after proper surveillance.

1. Full medical history was taken from all patients, including personal history, chronic disease, history of present
illness (including the cause of admission and presentation), and history including drug intake.

2. Clinical examination: general and local, especially the common Glasgow Coma Scale (GCS). The scale comprised
three tests: eye, verbal, and motor responses. The three values separately, as well as their sum, were considered.
The lowest possible GCS (graded 1 in each element) was three (deep coma or death), while the highest was 15
(fully awake person).

3. Laboratory investigations: full labs.

4. Ocular ultrasound was performed on all patients on admission and followed up after 48 h after proper manage-
ment. A 7.5-MHz linear probe measuring was used with a Philips ultrasound machine (ModelHS 2000). The
patient was placed in a supine position with closed eyes, and the probe was placed on the upper border of the upper
eyelid 3 mm away from the port of entry of the nerve into the eye socket. It was considered abnormal if the mean
binocular optic nerve sheath diameter exceeded 5.00 mm."’

5. Brain CT or MRI was carried out on all patients on admission and followed up after 48 h after proper management.
Radiological findings of edema, effacement, or shift suggestive of elevated ICP were used to evaluate the diagnosis
of brain edema and optic nerve sheath diameter accuracy in diagnosis and follow-up.
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6. Fundus examination was performed for all patients on admission and follow-up after 48 h following proper
management for comparison with ocular ultrasound and imaging studies.

Statistical Methods

The collected data were tabulated and statistically analyzed using SPSS version 22 (SPSS Inc, USA). The mean, standard
deviation (SD), and range were calculated for quantitative data. Independent #-test and dependent #-test were used as a test of
significance. Pearson correlation was run to test the relation between GCS and ONSD at baseline and after 48 hours. ROC
curve was performed. The cut-off points with the optimum sensitivity and specificity of ONSD in differentiating between the
study groups were identified using the Youden index. Qualitative data were presented as numbers and percentages, and chi-
square (¥2) was used as a significance test. Statistical significance was considered at P< 0.05.

Results

Demographic Characteristics of Our Study
No statistically significant difference was determined between both groups regarding age (51 £ 15.3 vs 47.6 + 16.2, P: 0.19)
and sex (males: 37 (48.7%) vs 36 (55.4%), P: 0.4, respectively)).

Risk Factors
The risk factors in this study were 27 (35.5%) patients having diabetes, 28 (36.8%) were hypertensive, 5 (6.6%) were
with a positive history of ischemic heart disease, 17 (22.4%) were renal, and 11 (14.5%) were hepatic.

Causes of Elevated ICP

Causes of increased ICP in the present study were intracranial tumor in 17 (22.4%) patients, intracranial hemorrhage in 11
(14.5%) patients, head trauma in 11 (14.5%) patients, uremic encephalopathy in 11 (14.5%) patients, hypernatremia in 8
(10.5%) patients, DKA in 5 (6.6%) patients, hepatic encephalopathy in 4 (5.3%) patients, CO, narcosis in 3 (3.9%) patients,
brain abscess in 3 (3.9%) patients, ischemic Stroke in 2 (2.6%) patients, and post-arrest in a patient (1.3%).

Glasgow Coma Scale (GCS)

There was a statistically significant difference between the GCS of patients on admission and after 48 h (after proper
management) (11.0 = 2.8 vs 12.8 £ 2.9, p< 0.0001), respectively.

Management of Patients
In our study, 43 (56.6%) patients were managed conservatively according to the cause (Lasix, dialysis, mannitol,) and 33
(43.4%) patients were managed by surgical intervention.

CT Signs of Elevated ICP

CT brain was performed for all patients and showed 39 (51.3%) patients with signs of elevated ICP as follows: 9 (11.8%)
patients showed signs of hydrocephalus, 9 (11.1%) showed signs of midline shift, 21 (27.6%) showed signs of mass
effect and 39 (51%) showed signs of brain edema.

After 48 h, 5 (6.6%) patients showed signs of hydrocephalus, 1 (1.3%) showed signs of midline shift, 7 (9.2%)
showed signs of mass effect, and 39 (51.3%) showed signs of brain edema.

Fundoscopic Examination

The fundoscopic examination was carried out on all patients in the current study upon admission and after 48h. It was
found that 21 patients had papilledema on admission and no significant difference after 48 h. An insignificant difference
was determined regarding the grades of papilledema between both eyes on admission and after 48 h (Table 1).
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Table | The Fundus Examinations

On Admission After 48 Hours

N % N %
Fundus (RT)
Normal 54 71.2% 54 71.2%
Grade | I 15.1% I 15.1%
Grade Il 7 9.6% 7 9.6%
Grade |l 3 4.1% 3 4.1%
Grade IV | 1.4% | 1.4%
Fundus (LT)
Normal 55 72.2% 55 72.2%
Grade | 12 16.2% I 14.9%
Grade | 6 8.1% 7 9.5%
Grade |l 2 2.7% 2 2.7%
Grade IV | 1.4% | 1.4%
Papilledema
No 55 72.3% 55 72.3%
Yes 21 27.7% 21 27.7%

ONSD of the Study Population

The ultrasound on the optic nerve of the patients showed that there was a statistically significant difference between cases and
control as follows: RT ONSD (6.24 + 0.57 VS 4.66 + 0.40, p<0.0001), LT ONSD (6.28 + 0.60 vs 4.62 + 0.52, p<0.0001), and
average ONSD (6.26 & 0.53 vs 4.64 £ 0.37, p< 0.0001). There was a statistically significant difference between ONSD on
admission and after 48 h in RT ONSD (6.24 £ 0.57 vs 5.81 = 0.58, p< 0.0001), LT ONSD (6.28 + 0.60 vs 5.78 £ 0.68, p<
0.0001), and average ONSD (6.26 £ 0.53 vs 5.79 £ 0.59, p <0.0001) (Figures 1 and Figure 2).

ONSD According to Causes of Coma
The present study found that there was a significantly lower ONSD in patients with increased ICP due to metabolic
causes than in other patients regarding average ONSD on admission (6.01 + 0.26 vs 6.42 + 0.6) and after 48 h (5.41 +
0.25 vs 6.04 £ 0.61) with p< 0.0001.

Among patients with increased ICP, there was a significant reduction in average ONSD after 48 h mainly due to metabolic
causes than other causes (5.41+ 0.25 vs 6.04 + 0.61, p< 0.0001) from the baseline (6.01 + 026 vs 6.46=+ 0.6, p< 0.0001).

Correlation Between GCS and ONSD

There was a negative significant correlation between ONSD and GCS (r= —0.237, p-value 0.040) on admission and (r=
—0.404, p <0.0001) after 48 h (Figures 3 and Figure 4).

Relation Between ONSD and CT on Admission

ONSD increased in all studied patients, with a significantly higher value in a patient with CT, confirming increased ICP
compared to those without (6.45+ 0.59 vs 6.06 £ 0.38, p: 0.001) (Table 2).
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Figure 2 The follow-up of ONSD after 48hs of surgical interventions of the previous patient is shown in Figure | (4.86 mm).

Relation Between ONSD and CT Findings After 48 Hours
Significantly higher values of ONSD in patients with CT showed increased ICP after 48 h (6.14 + 0.59 vs 5.43 + 0.32,
p-value< 0.0001) (Table 3).

Fundoscopic Examination in Correlation to ONSD

There was a positive correlation between fundoscopic examination and ONSD on admission. After 48h, all patients with
papilledema had a significantly higher ONSD on admission. After 48 h, it increased significantly with increasing the
grades of fundus examination with a p-value of 0.001 on the admission for RT eye and 0.033 for LT eye, and after 48h,
0.002 for RT eye and 0.019 for LT eye. Significantly higher values were observed in patients with papilledema with an
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Figure 3 The correlation between Glasgow coma scale and ONSD on admission. Scattered dot diagram (Blue circles refer to cases).
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Figure 4 The correlation between Glasgow coma scale and ONSD after 48hs. Scattered dot diagram (Blue circles refer to cases).

average ONSD P-value of 0.006, but many patients with no papilledema showed increased ONSD measurements. This
supports that papilledema by fundus examination is not a sensitive marker (Table 4).

Receiver-Operating Characteristic (ROC) Curves Analysis for ONSD
The receiver-operating characteristic (ROC) curve analysis for prediction of increased ICP using average ONSD showed
that ONSD had an excellent discriminative power in differentiating case from control at a cut-off point of average ONSD
of 5.19 mm with 97% sensitivity and 98% specificity, and the area under the curve (AUC) was 0.996.

ROC curve was calculated using ONSD as an index for brain edema. It was a good sign in the predicted elevated ICP
compared to the CT brain with an AUC of 0.723. The optimal cut-off point of average ONSD for patients with evidence
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Table 2 The Relation Between ONSD and CT on Admission

CT Brain P-value

Elevated ICP Non-Elevated ICP

Mean SD Mean SD
ONSD _RT 6.42 0.64 6.05 0.42 0.004
ONSD _LT 6.47 0.7 6.07 0.39 0.003
Average ONSD 6.45 0.59 6.06 0.38 0.001

Table 3 The Relation Between ONSD and CT Findings After 48 Hours

CT Brain P-value

Elevated ICP Non-Elevated ICP

Mean SD Mean SD
ONSD _RT 6.13 0.6l 5.47 0.29 <0.0001
ONSD _LT 6.15 0.67 5.39 0.44 <0.0001
Average ONSD 6.14 0.59 5.43 0.32 <0.0001

Table 4 The Fundoscopic Examination in Correlation to ONSD

Fundoscopy ONSD

On Admission After 48 Hours

Mean SD Mean SD
RT eye
Normal 6.13 0.54 5.68 0.53
Grade | 6.48 0.56 5.90 0.53
Grade Il 6.91 0.26 6.49 0.66
Grade |lI 6.93 0.25 6.52 0.76
Grade IV 6.98 0.03 6.57 0.02
P-value 0.001 0.002
LT eye
Normal 6.16 0.6 5.66 0.68
Grade | 6.52 0.57 5.82 0.50
Grade Il 6.85 0.22 6.49 0.69
Grade Il 6.92 0.04 6.53 0.31
Grade IV 6.98 0.06 6.60 0.04
P-value 0.033 0.019

(Continued)
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Table 4 (Continued).

Fundoscopy ONSD
On Admission After 48 Hours
Mean SD Mean SD
Papilledema
Yes 6.52 0.52 6.09 0.58
NO 6.14 0.51 5.67 0.56
P —value 0.006 0.006

of the radiological finding of increased ICP was 6.63, with a sensitivity of 53.8% and a specificity of 94.6% (Table 5,
Figures 5 and Figure 6).

Morality Rate in Correlation to ONSD

The current study showed no statistical correlation between ONSD and in and out hospital mortality (Table 6).

Discussion

The optic nerve emerges in the cerebrospinal fluid and is part of the central nervous system. This communication permits
CSF to circulate between the intracranial and intraorbital subarachnoid areas resulting in comparable pressure variations.”
As aresult, ultrasonographic measuring of ONSD has become a standard bedside method for detecting increased ICP. This
technique is recommended in neurosurgery, trauma, critical care, and emergency department.'® One hundred forty-one
participants were included in this study, classified into 76 cases (patients) who were diagnosed with disturbed conscious
levels due to elevated ICP and 65 controls.

This study showed that ONSD significantly predicts elevated ICP at a cut-off point of average ONSD of 5.19 mm
with 97% sensitivity, 98% specificity, and an AUC of 0.996. ONSD was significantly higher in a patient with CT,
showing increased ICP compared to those without (6.45+ 0.59 vs 6.06 + 0.38, p-value 0.001). The best cut-off point
of average ONSD for patients with evidence of the radiological finding of increased ICP was 5.9, with an 82%
sensitivity and 51% specificity. ONSD was more sensitive in the detection of increased ICP than fundus examination.

Table 5 The Validity of ONSD

AUC P-value Cut-off Point Sensitivity % Specificity %
Cases vs controls
ONSD (RT) 0.989 <0.0001 5.36 98.7 100.0
ONSD (RT) 0.990 <0.0001 5.47 98.7 100.0
Average ONSD 0.996 <0.0001 5.38 97.4 100.0

Cases vs cases with CT finding of ICP

ONSD (RT) 0.716 0.001 5.92 76 59
ONSD (RT) 0.709 0.002 5.95 74 56
Average ONSD 0.723 0.001 5.90 82 51
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Figure 5 ROC curve for the validity of ONSD (cases vs controls).

The Current results Were Consistent with the Following Studies
Mahmoud et al found that the cut-off value of mean ONSD for detecting elevated ICP was > 5 mm with a sensitivity of
100%, specificity of 96%, and AUC of 0.99."!

Kim et al showed that ONSD of 5.3 mm for identifying high ICP had a sensitivity of 75.4% and a specificity of
90.8%."

Juxiang Wang et al also reported that the mean value of ONSD in raised ICP (> 13 mm Hg) was 5.48 mm, while the
mean value for ICP (>22 mm Hg) was > 5.83 mm."’

Altayar et al agreed with the current study and found that the mean ONSD in the positive CT findings group
compared with the negative group was 6.3 £ 0.06 vs 5.5 £ 0.07 mm p-value < 0.001, respectively. Also, the mean value
of ONSD in patients with increased ICP group compared with normal ICP group (measured by intraventricular device)
was 6.6 + 0.05 vs 5.8 £ 0.08, p = 0.004, respectively, with optimal cut-off value for predicting elevated ICP > 6.1 cm with
84.62% sensitivity, 66.67% specificity, and AUC of 0.85.'*

Hanafi et al, the mean ONSD critical values were 5.3 mm, with 96.4% sensitivity and 71.4% specificity. It showed
that ultrasonography to identify elevated ICP caused by trauma was a safe, non-invasive, and effective method."”

Raghunandan et al reported a statistically significant increase in ONSD associated with increasing papilledema
severity as graded by Frisén’s grading. Papilledema can be absent in patients with optic atrophy, despite coexisting
elevated ICPs in those patients.'®

Jeon et al reported that an optimal cut-off value of ONSD for elevated ICP was 5.6 mm with 93.8% sensitivity and 86.7%
specificity in Korean populations.'”
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Figure 6 ROC curve for the validity of ONSD patients with the evidence of the radiological finding of increased ICP.

Ohle et al reported that ultrasonic ONSD > 5 mm revealed higher accuracy for detecting increased ICP than CT
features (such as hydrocephalus and the collapse of ventricles).'®

The Following Studies Were Inconsistent with the Current Results
Jenjitranant et al reported a lower ONSD cut-off value of 3.15 mm, which had 97.4% and 13.8% specificity.'’

Wang et al documented significantly higher ONSD of increased opening pressure in the lumbar puncture group than
that of the normal opening pressure in the LP group (4.58+0.46 mm vs 3.55+0.38 mm) with a cut-off value> 7.2 mm for
ONSD at opening pressure of 22 mm Hg, with 82% sensitivity, 79% specificity, and 0.81 AUC.’

Table 6 The Mortality Rate in Correlation to ONSD

Died in Hospital | Died out of the Hospital | Improved p-value
Mean SD Mean SsD Mean | SD
RT ONSD at time of admission 6.4 0.5 6.2 0.7 6.2 05 | 0.167
LT ONSD at time of admission 6.4 0.6 6.3 0.5 6.2 0.7 | 0.404
Average ONSD at time of admission | 6.4 0.5 6.2 0.5 6.2 0.5 | 0.211
RT ONSD after 48 h 6 0.5 5.9 0.6 5.7 0.6 | 0.345
LT ONSD after 48 h 5.8 0.6 5.9 0.7 5.7 0.7 | 0.797
Average ONSD after 48 h 5.9 0.5 5.9 0.6 5.7 0.6 | 0574
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Conclusion
e Ultrasonography of the ONSD is a non-invasive, reliable, fast, and accessible approach for assessing patients with
disturbed conscious levels (traumatic or non-traumatic).
e Compared to classic CT signs of brain edema such as ventricular compression, cisternal effacement, or sulcal
effacement, ONSD had a better predictive value for brain edema.
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