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Abstract 

Increased Intracranial Pressure (ICP) can have serious consequences related to vascular and cerebrospinal fluid (CSF) 

dynamic changes within the optic nerve sheath. Transorbital Sonography (TOS) has emerged as a promising assessment tool to 

detect pre-clinical dilatation of the optic nerve sheath diameter (ONSD). Assessment of ONSD as a marker of brain oedema by 

TOS in acute ischemic stroke (AIS) patients (within the first week of stroke). This case control study, included two groups; 

ischemic stroke patients’ group: a total of 60 patients -within the first week of the stroke- 30 acute ischemic atherosclerotic stroke 

patients, and 30 acute cardioembolic stroke patients, and the second group; included 30 age and sex matched normal healthy 

control subjects.   All underwent clinical assessment and TOS, for measuring ONSD. There was a significant difference between 

AIS patients and control subjects regarding  ONSD in both sides (P value < 0.001***), AIS patients showed a higher ONSD at 

ipsilateral side of infraction than the contralateral side with a significant difference (P value < 0.001***). We observed increase in 

ONSD in diabetic patients with statistical significance. There was a statistically significant positive correlation between ONSD 

and National Institute of Health stroke scale score (NIHSS) score, Modified Rankin Scale (mRS). ONSD assessment in AIS 

patients can predict increased ICP and indicate stroke severity.   
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1. Introduction 

Ischemic stroke accounts for nearly 76% of all stroke 

cases, malignant brain edema has a mortality rate as high as 

80% [1]. Post ischemic stroke cerebral edema is a serious 

complication. It causes an increase in intracranial pressure, 

rapid deterioration of neurological symptoms, and formation 

of cerebral hernia, and represented an important risk factor 

for adverse outcomes after stroke [2]. The optic nerve is 

mostly assessed by ophthalmoscopy and MRI but recently 

the role of optic nerve ultrasound in the detection of 

increased ICP has been widely investigated in brain injuries, 

intracranial hemorrhage, hydrocephalus, brain tumors, and 

idiopathic intracranial hypertension [3]. The aim of this 

work is to evaluate the association of optic nerve sheath 

diameter (ONSD) within the first week of the stroke and to 

correlate it with the severity of the stroke according to 

NIHSS and mRS and to determine whether ONSD was 

associated with extra and transcranial large artery stenosis 

(LAS). 

 

 

 

2. Subjects and Methods 

 

2.1. Study design 

This is a case-control, single-centre, acute ischemic 

stroke patients and controls were recruited from Kasr Al 

Ainy Stroke Unit, (Cairo University Hospitals) in the period 

from January 2020 till January 2021.  

 

2.2. Patients and controls 

Our study included 90 subjects; that were divided into 2 

groups; 60 patients with acute ischemic stroke within the 

first week of the stroke and 30 age and sex matched normal 

healthy control subjects. Patients were further divided into 

two subgroups: Group I: 30 acute ischemic atherosclerotic 

stroke patients. Group II: 30 acute cardioembolic stroke 

patients. Inclusion criteria were as follows: age range 18–75 

years and both sexes, while the exclusion criteria for 

patients were subarachnoid, subdural, extradural, 

intracerebral haemorrhage, orbital trauma, ruptured globe, 

lid problems, keratoprosthetics, corneal opacities, dense 

cataracts, and glaucoma.  
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2.3. Data collection 

Demographic characteristics and full medical history 

were taken with special concern to vascular risk factors 

including diabetes mellitus (DM), hypertension (HTN), 

ischemic heart disease (IHD), previous stroke, smoking, 

drug abuse and when the patient was last seen normal. All 

participants were subjected to general examination, 

neurological, neurovascular examination, NIHSS and mRS, 

Transthoracic Echocardiography using Phillips S72 Omni 

ultrasound equipment [4-5]. Extracranial and transcranial 

color-coded mode duplex sonography using Phillips model 

IU22 machine; Extracranial duplex study by high-frequency 

(7- to 10-MHz) linear array transducer to scan the carotid 

from the most proximal common carotid artery (CCA) to the 

internal carotid artery (ICA)as far as the mandible permitted.  

We used the examination protocol and interpretation 

according to the criteria published by Society of 

Radiologists in Ultrasound North American Symptomatic 

Carotid Endarterectomy Trial, NASCET criteria were used 

for stenosis calculations [6-7]. Transcranial color-coded 

duplex ultrasonography was performed using a 2 - 5 MHz 

phased-array transducer through the temporal window to 

assess both right and left middle cerebral arteries (MCAs), 

anterior cerebral arteries (ACAs), posterior cerebral arteries 

(PCAs), Mean Velocity (MV) & Pulsitility Index (PI). 

Diagnosis of intracranial stenosis interpreted according to 

the internationally published criteria [8]. TOS using linear 

transducer probe: all subjects were examined in supine 

position with the head and the upper part of the body 

elevated to 20–30 degree to avoid any pressure on the eye 

and were asked to keep their eyes in a neutral position, 

trying to suppress eye movements. The mechanical index 

was reduced to 0.2 for safety reasons. The probe was placed 

on the temporal part of the closed upper eyelid and a thick 

layer of ultrasound gel was applied. The subject was 

instructed to maintain his/her gaze at midline to align the 

optic nerve along the probe. The anterior part of the optic 

nerve was depicted in an axial plane with the papilla and the 

optic nerve shown longitudinally. ONSD was assessed 3 

mm behind the papilla. The distance between the external 

borders of the hyperechogenic area surrounding the optic 

nerve was quantified to measure the ONSD, by marking the 

internal borders. 

 

2.4. Statistical analysis 

Data were coded and entered using the statistical 

package SPSS (Statistical Package for the Social Sciences) 

version 25. Data was summarized using mean, standard 

deviation, median, minimum, and maximum in quantitative 

data and using frequency (count) and relative frequency 

(percentage) for categorical data. Comparisons between 

quantitative variables were done using the non-parametric 

Kruskal-Wallis and Mann-Whitney tests [9]. Correlations 

between quantitative variables were done using Spearman 

correlation coefficient [10]. P-values less than 0.05 were 

considered as statistically significant. 

 

3. Results and Discussion 

 

3.1. Demographic data and Clinical assessment scales 

The age of the selected patients ranged from (31-74 

years) with mean ±SD (58.22 ± 11.97) while the age of 

control subjects ranged from (34-60 years) with mean ±SD 

(47.73± 7.53). In Patient’s group: 39 were males (65%) and 

21 were females (35%), while in control subjects there were 

20 males (66.7%) and 10 females (33.3%). Patients’ NIHSS 

ranged from (2 to 19) with mean of 10.28 ± 4.56 SD. 

Patients’ mRS score ranged from (1 to 5) with mean of 

3±0.99. Thirty-nine patients (65%) had right sided infarction 

while 21 patients (35%) had infarction at left side. All 

Demographic data and Clinical assessment scales were 

demonstrated Table 1 & 2.  

 

3.2. Cerebral arterial duplex and TOS 

Forty patients had abnormal duplex finding either 

intracranial or extracranial (66.7%), 20 patients had normal 

duplex (33.3%), while all control subjects had a normal 

duplex. Extracranial and the transcranial degree of stenosis 

are illustrated in Table 3. The mean of RT ONSD in patient 

groups was 0.72 ± 0.10 and the mean of LT ONSD was 

0.71± 0.11, while the mean of ON was 0.34 ± 0.04 SD on 

both sides. 

 

3.3. Comparative analysis 

Stroke patients had increased ONSD in both sides when 

compared with control subjects with high statistical 

significance difference (P value < 0.001) (Figures 1 & 2). 

Moreover, ONSD was increased and higher at ipsilateral 

side of infraction when compared to the non-infarcted 

contralateral side and this difference was statistically highly 

significant (p value <0.001). We noticed increase in ONSD 

in both side in patients with severe intracranial arteries 

stenosis, and there was more increase in right ONSD with 

statistical significance (P value =0.038). According to 

influence of comorbidities on our results, diabetic patients 

developed increase in ONSD at ipsilateral side of infarction 

with statistical significance (P value =0.024), we observed 

increase in right and left ONSD in diabetic patients with 

statistical significance p value =0.039, 0.030 respectively 

(Figures 3 & 4), yet other comorbidities such as 

hypertension, smoking, cardiac problems, and history of 

previous stroke did not show any significant difference in 

ONSD. There was no significant difference between 

subgroups of patients in ONSD. No statistical significance 

was detected when we compared ONSD with degree of 

stenosis of extracranial arteries.  

 

3.4. Correlative results 

A significant positive correlation was found between 

NIHSS and ONSD with P value =<0.001*** on the right 

eye and P=0.001***on the left eye. Also, a statistically 

significant positive correlation was found between mRS 

score and ONSD with P value =<0.001 on the right eye and 

P value =0.006 on the left eye. Moreover, Patients with high 

NIHSS had increased ONSD at same side of infarction with 

positive statistical significance p value=< 0.001***. Patients 

with high mRS had increased ONSD at same side of 

infarction with positive statistical significance p value=< 

0.001***. Quantifying the severity and evolution of cerebral 

edema after stroke plays an important but challenging role in 

clinical studies [11]. In this case control study, we aimed to 

predict cerebral oedema and increased ICP in patients with 

acute ischemic stroke. Therefore, TOS was used as a 

screening tool of the ONSD in patients with acute ischemic 

stroke. 
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 Clinical characteristics in our study; age, gender, 

smoking, HTN and previous history of stroke were not risk 

factors for the occurrence of post stroke increase ICP, while 

pre-existing DM showed observed increase in right and left 

ONSD as a clue of increased ICP in acute ischemic stroke 

patients. Donertas et al., (2019) also found that ONSD 

increased in diabetic patients when compared with healthy 

control subjects [12]. This might be attributed to brain 

edema that is associated with hyperglycemia and the result 

in increase of the ICP thus ONSD reflect the changes in 

intracranial pressure that results from brain edema. In this 

study, neuro-sonological data showed, intracranial and 

extracranial duplex had abnormal findings in 40 patients 

(66.7%). Twelve patients out of 30 acute ischemic 

atherosclerotic stroke patients (group I) had severe 

intracranial stenosis and 6 patients had severe degree of 

extracranial stenosis, while 10 patients out of 30 acute 

cardioembolic stroke patients (group II) had severe 

intracranial stenosis and only 1 patient had severe degree of 

extracranial stenosis. In our study, it was observed that there 

was no statistically significant association between ONSD 

and the degree of stenosis of extracranial arteries. However, 

we found statistically significant increase in ONSD in 

patients with severe intracranial stenosis. Contrary to what 

we found, Komut et al., (2021) observed a lower ONSD in 

patients with severe ICA stenosis than in patients without or 

with mild stenosis, suggesting that ONSD decreases when 

ICA stenosis grade increases [13]. This controversy can be 

explained by fact that arterial blood flow to the optic nerve 

is supplied by the ophthalmic artery, even in the presence of 

the common anatomical variations. Ophthalmic artery 

originates from the supra-clinoid segment of the ICA and 

enters the orbit through the optic canal. In some instances, 

the ophthalmic artery originates from the middle meningeal 

artery. In rare cases, with a persistent dorsal ophthalmic 

artery, it originates from the cavernous segment of the ICA 

and can also reach the orbit via the superior orbital fissure. 

Therefore, in cases of ICA stenosis or occlusion that cause 

significant hemodynamic changes downstream, changes are 

to be expected in the ophthalmic artery blood flow, and the 

optic nerve arterial flow may be directly affected [14]. 

Comparing ONSD between acute stroke patients (within 

first 7 days of the onset of stroke) and control individuals, 

our results showed that there is highly significant increase in 

ONSD in both eyes of patient’s group (P value < 0.001). 

Furthermore, ONSD was increased and higher at the 

ipsilateral side of infarction than contralateral side.  In 

agreement with our result, Kozaci et al., (2020) observed 

that optic nerve sheath diameter increases in acute ischemic 

stroke [15]. Ischemia causes brain damage by activating the 

ischemic cascade and results in brain edema. The abnormal 

accumulation of fluid causes an increase in brain volume 

and elevation of intracranial pressure (ICP) because of an 

enclosed rigid skull and in turn increase ONSD. Chen et al., 

(2019) and Lee et al., (2020) also found positive correlations 

between ONSD and ICP following acute ischemic stroke 

[16-17]. ONSD decreases immediately following a 

reduction in CSF pressure. It is explained by that, the optic 

nerve is a part of the central nervous system, and is 

surrounded by the dura, arachnoid and pia mater; the optic 

nerve sheath is the continuation of the dura mater, and the 

subarachnoid space contains CSF. Thus, any increase in the 

ICP in the subarachnoid space is transferred to the fluid in 

the optic nerve surrounding it. Yet, Školoudík et al., (2011) 

found that ONSD enlargement was not detected in any acute 

ischemic stroke patients or healthy volunteers, but it was 

detected in patients with acute intracerebral hemorrhage 

[18]. As regards, clinical severity and disability data, our 

results demonstrated that there was a positive correlation 

between the high grades of mRS score, NIHSS and the 

consistency of ONSD as a proxy of increased ICP. This 

could be explained that ischemic stroke resulting from large 

size of infarction, is associated with more edema around 

infarcted area and much more increase in intracranial 

pressure and more increase in ONSD. Our results were in 

accordance with Yüzbaşioğlu et al., (2018) who observed 

that ONSD of the patient with acute ischemic stroke was 

determined to be significantly higher than that of the control 

group and noticed positive correlation between the NIHSS 

score of the patients reflecting stroke severity and the ONSD 

[19]. While on the contrary, German Stroke Study 

Collaboration in (2004) found no relations between NIHSS 

score and ONSD [20]. 

 

 

 
 

Figure 1: RT Optic nerve sheath diameter in patients and control subjects. 
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Figure 2: LT Optic nerve sheath diameter in patients and control subjects. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Comparisons between RT ONSD in diabetics and non-diabetic stroke patients. 
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Figure 4: Comparisons between LT ONSD in diabetics and non-diabetic stroke patients 

 

 

Table 1: Co-morbidities and Risk factors in patients and control groups. 

 

 

Group 

Group A Group B 

Count % Count % 

HTN 
yes 35 58.3% 15 50.0% 

no 25 41.7% 15 50.0% 

DM 
yes 26 43.3% 3 10.0% 

no 34 56.7% 27 90.0% 

Cardiac 
yes 35 58.3% 0 0.0% 

no 25 41.7% 30 100.0% 

Smoking 
yes 37 61.7% 15 50.0% 

no 23 38.3% 15 50.0% 

Previous stroke 
yes 19 31.7% 0 0.0% 

no 41 68.3% 30 100.0% 

Hyperuricemia 
yes 12 20.0% 2 6.7% 

no 48 80.0% 28 93.3% 

Dyslipidemia 
Yes 34 56.7% 5 16.7% 

no 26 43.3% 25 83.3% 
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Table 2: Co-morbidities, risk factors and Clinical Assessment Scales in subgroups of stroke patients. 

 

 

Risk Factor 
 

Group I Group II 

Count % Count % 

HTN 
Yes 14 46.6% 19 63.33% 

No 16 53.3% 11 36.66% 

DM 
yes 14 46.6% 12 40% 

No 16 53.3% 18 60% 

Cardiac 
yes 6 20% 29 96.6% 

No 24 80% 1 3.3% 

Smoking 
yes 19 63.33% 18 60% 

No 11 36.66% 12 40% 

Previous stroke 
yes 10 33.3% 9 30% 

No 20 66.66% 21 70% 

Hyperuricemia 
yes 8 26.66% 4 13.33% 

No 22 73.33% 26 86.66% 

Dyslipidemia 
Yes 22 73.33% 12 40% 

No 8 26.66% 18 60% 

NIHSS Score 

0-5 6 20% 3 10% 

5-10 12 40% 9 30% 

10-15 8 26.6% 13 43.33% 

15-20 4 13.3% 5 16.66% 

mRS 

1 4 13.33% 1 3.33% 

2 6 20% 6 20% 

3 10 33.33% 13 43.33% 

4 8 26.66% 10 33.33% 

5 2 6.6% 0 0% 

 

Table 3: Extracranial and the transcranial duplex findings in subgroups of stroke patients. 

 

  Group I Group II 

Extracranial arterial 

stenosis 

no 16 53.3% 25 83.3% 

mild 3 10.0% 0 0.0% 

moderate 5 16.7% 4 13.3% 

severe 6 20.0% 1 3.3% 

Intracranial arterial 

stenosis 

no 8 26.7% 17 56.7% 

moderate 10 33.3% 3 10.0% 

severe 12 40.0% 10 33.3% 
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4. Conclusions 

TSO has a significant role in early capture of post 

stroke increase ICP. ONSD, is a strong predictor of cerebral 

oedema in patients with acute ischemic stroke and severity 

assessment. ONSD is a quick, easy, cheap, and noninvasive 

bedside measurement method that can be a useful tool in 

evaluation of increase ICP in patients with acute ischemic 

stroke.  
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