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Abstract  

Objective: Nontraumatic intracranial hemorrhage is an important cause of adult death and disability. The optic nerve 

sheath is surrounded by cerebrospinal fluid. Therefore, the increase in intracranial pressure; causes a diameter change 

in the optic nerve sheath. In this direction, to determine the changes in optic nerve diameter measurements according to 

the bleeding subtypes of patients diagnosed with non-traumatic intracranial hemorrhage in the emergency department. 

Thus, it is aimed to assist in early diagnosis and treatment. 

Methods: The study is retrospective and includes 136 patients diagnosed with non-traumatic intracranial hemorrhage, 

who applied to the 3rd level university hospital emergency department between January 01/ 2015 and June 01/ 2017. 

The parameters of each patient at the time of first admission and at eight hours were checked. These were subtypes of 

bleeding in brain tomography, amount of bleeding, optic nerve diameter measurements, Glasgow coma scales and 

demographic characteristics. 

Results: 136 patients were included in the study. The mean age of the patients was 64.5 ± 17.8 years, 47.1% were 

female (n=64), 52.9% were male (n=72). Intracranial hemorrhage was 64.7% (n=88), subdural hemorrhage was 29.4% 

(n=40), and epidural hemorrhage was 5.9% (n=8) (p<0.001). In addition, the patients showed a significant increase 

in both the right and left optic nerve diameter at the 8th hour (p<0.001). Bleeding diameter increased in parallel with 

the increase in right and left optic nerve diameter. Similarly, a significant decrease was observed in Glasgow Coma 

Scales at the 8th hour (13.0 (2)) compared to the first admission (14.0 (1)) (p<0.001). 

Conclusion: When evaluating brain tomography of patients with nontraumatic intracranial hemorrhage; In addition to 

the existing parameters, it is recommended to look at the optic nerve diameter change. 
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INTRODUCTION  

Intracranial hemorrhage is a clinical picture that 

can be treated, its progression can be prevented. 

Otherwise, it can cause serious morbidity and 

mortality (1). Dramatic increase in intracranial 

pressure (IP) of patients with intracerebral 

hemorrhage; associated with deaths (2). 

IP measurement is important in terms of patient 

follow-up and prognosis. IP is measured by 

interventional methods such as lumbar puncture or 

ventriculostomy. At the same time, changes in IP 

affect the optic nerve sheath diameter (ONSD) via 

cerebrospinal fluid (CSF). Especially since this 

pressure increase can cause enlargement in the 

retrobulbar segment, this region is used in 

measurements. (3). ONSD; it is an anatomical 

structure that continues from the intracranial area and 

is surrounded by CSF. Thus, the increase in ONSD is 

used to detect IP. 

The gold standard method for measuring IP is 

ventricular catheterization. However, the 

invasiveness of these methods, the need of a 

neurosurgeon to perform the intervention, technical 

difficulties, infection, hemorrhage, contraindications 

of the procedure such as coagulopathy and 

thrombocytopenia are limiting factors in the 

application of the method (4). It is thought that IP in 

patients diagnosed with intracranial hemorrhage can 

be evaluated with ONSD without using an invasive 

method. In this study, the aim of this study is to 

evaluate the changes in ONSD according to the 

subtypes of intracranial hemorrhage in patients 

diagnosed with nontraumatic intracranial 

hemorrhage, early and without any interventional 

procedure. 

 

METHODS 

Before starting the study, ethical approval was 

obtained from Ankara Yıldırım Beyazıt University 

Faculty of Medicine Clinical Research Ethics 

Committee (Decision No. 46, dated February 17, 

2016). Since the presented study was retrospective 

and observational, informed consent was not obtained 

from the participants. However, all authors paid 

attention to its compliance with the Declaration of the 

World Medical Association of Helsinki. 

Study Population 

Inclusion criteria: Statistical analysis 

All cases with nontraumatic intracranial 

hemorrhage, aged 18 years and over, who applied to 

Ankara Yıldırım Beyazıt University Hospital 

Emergency Medicine Clinic between the specified 

dates, and whose data could be accessed, were 

included. 

Exclusion criteria 

Patients with a history of trauma, eye or orbital 

diseases such as glaucoma, optic neuritis, ischemic 

optic neuropathy, lens opacity, history of malignancy, 

pregnancy and trauma were not included in the study. 

Data Collection 

Demographic data of the patients included in the 

study, both Glasgow coma scale (GCS) and brain 

tomography (CCT) images at the time of first 

admission and eight hours later were analyzed 

retrospectively. In cases where the patient does not 

have sudden changing clinical findings, the control 

CCT scan time is applied as the 8th hour in our center. 

According to CCT images, it was analyzed by 

dividing into 3 classes as intracerebral hemorrhage 

(ISH), subdural hemorrhage (SH) and epidural 

hemorrhage (EH). subarachnoid hemorrhage (SAH) 
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patients in our hospital were excluded from the study 

because it was determined that it developed 

secondary to trauma. The amount of bleeding in the 

patients CCT was measured after determining the 

widest part of the bleeding area. In addition, the 

ONSD of each patient's first admission and eighth 

hour CCT scans were measured separately in both the 

right and left eyes. Measurements were made in the 

axial and sagittal planes of both eyes, 2-3 mm behind 

the optic disc, at 5 times magnification. All CCT 

evaluations were made by the radiologist and 

recorded in the data collection forms. 

Statistical Analysis 

The analysis of the study was performed using 

SPSS 21.0 package program. Descriptive statistics of 

the variables (Frequency, Percentages, Mean ± 

Standard Deviation, Median (IQR) were given with 

tables. Shapiro-Wilk tests were used to determine 

whether the variables met the parametric test 

assumptions, and it was determined that they did not 

fit the normal distribution (p< 0.05) The difference 

between dependent groups was determined by 

Wilcoxon signed rank test. A p value of <0.05 was 

considered statistically significant. 

RESULTS 

136 patients were included in the study. The mean 

age of the patients was 64.5 ± 17.8 years, with 47.1% 

female (n=64) and 52.9% male (n=72). ICH 64.7% (n 

= 88), SH was 29.4% (n = 40) and additional 5.9% (n 

= 8) (Table 1) first admission median (IQR) values of 

bleeding diameters in CCTs at 8 hours were 23.3 

(24.4) and 27.9 (31.2), respectively. And this increase 

at 8 hours was statistically significant (p<0.001). At 

the 8th hour, the right ONSD (5.2 (0.6)) showed a 

significant increase in the moment (4.5 (0.6)) (p 

<0.001). Similarly, the left ONSD was significantly 

higher than the 8th time (5.2 (0.7)) of first admission 

(p <0.001). Parallel to the increase in hemorrhage 

diameter, right and left ONSD, a significant decrease 

was observed in GCS at 8 hours (13.0 (2) ) compared 

to the time of admission (14.0 (1) ) (p<0.001) (Table 

2).  

 
Table 1. Demographic and clinical characteristics of the patients  

Parameter 

Age (years)   

 Mean±SD 64.5 ± 17.8 

 Median (IQR)  65.0 (25.8)  

Gender 

 female; % (n)  %47.1 (64)  

 male; % (n)  %52.9 (72)  

Diagnosis 

 ISH; % (n)  %64.7 (88)  

 SH; % (n)  %29.4 (40)  

 EH; % (n)  %5.9 (8)  
ISH; Intracerebral Hemorrhage, SH; Subdural Bleeding, EH; Epidural 

Bleeding. 

 

Table 2. Comparison of changes in repeated measured 

parameters in all patients. 

Variable first 

admission 

Median 

(IQR)  

8 hours 

Median 

(IQR)  

p 

Bleeding 

Diameter 

23.3 (24.4)  27.9 (31.2)  <0.001 

Right ONSD 4.5 (0.6)  5.2 (0.6)  <0.001 

Left ONSD 4.5 (0.6)  5.2 (0.7)  <0.001 

GCS 14.0 (1)  13.0 (2)  <0.001 

Wilcoxon signed rank test 

ONSD; optic nerve sheath diameter, GCS; Glasgow coma scale. 

 

The median (IQR) values of the bleeding 

diameters in the 8th hour CCT of the patients with 

ISH, SH, and EH were found to be 35.8 (25), 13 (7.7) 

and 17.7 (19.2), respectively. Moreover, these values 

were found at the time of admission (30.8 (19.9), 9.1 

(7.7) and 12.7 (6.5)), there is a statistically significant 

increase (p<0.001; p<0.001; p=0.011, respectively) 

(table 3). 

Right ONSD median (IQR) values in the 8th hour 

CCT of the patients with ICH, SH, and EH were 5.2 
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(0.5), 5 (0.8), and 5.25 (1), respectively. There is a 

statistically significant increase compared to (4.5 

(0.5), 4.3 (0.6) and 4.5 (0.9)) at the time of arrival 

(p<0.001; p<0.001; p=0.012, respectively). 

Left ONSD median (IQR) values in the 8th hour 

CCT of the cases with ICH, SH, and EH were 5.2 

(0.5), 4.95 (0.8), .3 (1.1), respectively, at the time of 

arrival (4.5 (0.5), 4.3 (0.5), 4.6 (0.9)), there is a 

statistically significant height (p<0.001; p<0.001; 

p=0.012, respectively). 

The median GCS (IQR) values of patients with 

ICH and SH at the eighth hour CCT were 14.0 (1.8), 

12.0 (3.0), respectively, and there was a statistically 

significant decrease compared to the GCS values at 

the time of admission (14.0 (1.0), 14.0 (2.0). 

(p<0.001; p<0.001 respectively) In the EH group, 

there was no significant difference in GCS care 

between arrival and 8th hour (p=0.066). 0.047) 

Table 3. The relationship between bleeding subtypes and GCS, 

optic nerve diameter and bleeding diameter. 

Variable first 

admission 

Median 

(IQR)  

8 hours 

Median 

(IQR)  

p 

Bleeding 

diameter 

ISH 30,8 

(19.9)  

35.8 (25)  <0.001 

SH 9.1 (7.7)  13 (7.7)  <0.001 

EH 12.7 (6,5)  17.7 (19.2)  0.011 

Right 

ONSD 

ISH 4.5 (0.5)  5.2 (0.5)  <0.001 

SH 4.3 (0.6)  5 (0.8)  <0.001 

EH 4.5 (0.9)  5.25 (1)  0.012 

Left 

ONSD 

ISH 4.5 (0.5)  5.2 (0.5)  <0.001 

SH 4.3 (0.5)  4.95 (0.8)  <0.001 

EH 4.6 (0.9)  5.3 (1.1)  0.012 

GKS SH 14.0 (1.0)  14.0 (1.8)  <0.001 

SH 14.0 (2.0)  12.0 (3.0)  <0.001 

EH 14.5 (1.8)  12.0 (5.0)  0.066 
1: Wilcoxon signed rank test 

ONSD; optic nerve sheath diameter, GCS; Glasgow coma scale, ICH; 
Intracerebral hemorrhage, SH; Subdural bleeding, EH; epidural bleeding 

 

DISCUSSION 

In this study, the effect of ONSD on patients 

diagnosed with nontraumatic intracranial hemorrhage 

in the emergency department was investigated 

between the time of first admission to the hospital and 

the eight-hour follow-up period. In the eight-hour 

follow-up of the patients, a significant increase was 

found in the bleeding diameter and ONSD value in all 

three bleeding subtypes compared to the value at the 

time of admission. In the evaluation, it was 

determined that both the right eye and the left eye had 

a significant increase in ONSD. The level of 

consciousness is the first and important finding that 

informs the change in the neurological status of the 

patient. GCS is a scoring method that shows the level 

of consciousness and brain damage (5,6). 

Accordingly, in parallel with the increase in bleeding 

diameter, right and left ONSD, a significant decrease 

was observed in GCS at 8 hours (13.0 (2)) compared 

to the time of admission (14.0 (1)) (p<0.001) This 

situation can be explained by the fact that when the 

increase in ONSD is observed, it is thought that GCS 

may decrease, and the patient can be followed in this 

direction. 

According to the available source information, it 

has been shown that there is dilatation of ONSD in 

cases with increased intracranial pressure. In 

addition, investigators reported that in cases where 

intracranial pressure increases, ONSD increases 

significantly (7,8). Similarly, in the presented study, 

it was found that ONSD increased in the following 

hours due to the increase in IP. This can be explained 

as the increase in the diameter of bleeding may lead 

to an increase in intracranial pressure. 

In studies, ONSD has been suggested as an 

indirect and alternative parameter for the detection of 

increased intracranial pressure. However, in the 

source information reached, no research was found 

regarding the examination of ONSD according to the 
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bleeding subtypes. Accordingly, ONSD was 

evaluated according to bleeding subtypes in patients 

with non-traumatic intracranial hemorrhage, 

considering that ONSD may vary according to its 

subtypes and may guide the diagnosis and treatment 

in this situation. In the study, the relationship between 

nontraumatic intracranial hemorrhage (ICH) subtypes 

(ICH, SH, and EH) and SAH was investigated, but 

SAH was excluded because it was traumatic. It was 

determined that the ONSD of all cases with ICH, SH 

and EH increased statistically significantly. A 

significant decrease was observed in the median GCS 

(IQR) at the eighth hour in patients diagnosed with 

ICH and SH. In the EH group, there was no 

significant difference in GCS care between arrival 

and 8th hour. This situation can be explained as the 

low number of patients in the EH group. 

In the literature, frequent follow-up of patients 

with non-traumatic intracranial hemorrhage is 

recommended (9,10,11). In the presented study, a 

significant decrease in GCS values was found in 

patients with ICH and SH at the eighth hour. It can be 

explained as the need for rapid intervention, as it can 

cause serious complications in patients with a 

diagnosis of ICH and SH if it is waited for eight hours. 

In different studies, Geeraerts et al. reported that there 

is a significant relationship between GCS and IP (12). 

Similarly, Karakitsos et al. reported that there is a 

significant relationship between IP and GCS. In 

addition, while the ONSD was 5.8 ± 1.1 mm in 

patients with moderate and severe coma with GCS 

<13, it was found to be 4.9 ± 0.8 mm in patients with 

mild coma. Researchers have reported that there is a 

statistically significant relationship between GCS and 

ONSD(13). Besides, IP can be evaluated by 

measuring the noninvasive and easy method (ONSD). 

14,15). Patients with IP had increased ONSD and its 

measurement using CCT has been reported to be 

important(16,17). In the presented study, it is thought 

that the bleeding diameters of the cases increased at 

the 8th hour, and accordingly, IP and GCS decreased. 

The significant relationship between the increase in 

ONSD and decrease in GCS is; It was thought that the 

increase in IP and the increase in ONSD may occur. 

Study Limitation 

Since the study is retrospective, the data obtained 

are limited to file information. 

CONCLUSION 

In cases with non-traumatic ICH, the change in the 

ONSD level and the change in GCS score should be 

checked in the first admission to the hospital and in 

the eighth hour control brain tomography. It was 

concluded that this situation could be effective in 

reducing mortality and morbidity by detecting IP 

change. Accordingly, when evaluating the brain 

tomography of patients with non-traumatic ICH;in 

addition to the existing parameters, it was suggested 

that optic nerve diameter change should also be 

considered. 
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