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Introduction

The intracranial pressure  (ICP) is determined by the total 
volume of the brain, the cerebrospinal fluid (CSF) fluid, and 
the blood in the skull and its contents.[1] Increased ICP is one 
of the prevalent symptoms of trauma, especially traumatic 
headache, which requires quick action to diagnose and 
posttreatment measures.[2,3] This challenge associated with 
increased ICP increases the mortality rate.[4] Today, several 
techniques are employed to diagnose ICP; each technique 
has its challenges. The use of intracranial catheters may 
cause coagulopathy or thrombocytopenia.[5] The use of skull 
computed tomography  (CT) scan is an invasive technique; 
because it contains ionizing radiation,[6] and CT scan may not 
be available in every healthcare delivery center.[7] The use 

of transcranial Doppler is a safe technique for the diagnosis 
of increased ICP, but its use requires mastery. About 5% of 
the pictures taken by CT scan are undesirable.[7,8] In these 
situations, to detect a timely increase in ICP, a noninvasive 
technique can be useful in detecting an increase in ICP or 
modifying ICP. The eyes often reflect the presence of the 
disease in various parts of the body. It occurs in the form of 
changes in the retina due to hypertension episodes or in the 
form of papilledema secondary to increased ICP.[9] The optic 
nerve sheath diameter (ONSD) is a newly proposed technique 
for detecting an increase in ICP.[10] The proximal portion of 
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the optic nerve sheath complex in the hypoechoic ultrasound 
contrasts with the hyperechoic ultrasound, which is Retro 
Blub fat, and provides a noninvasive technique for detecting 
the increase in ICP.[11] Some studies in different parts of the 
world have observed that the changes in ONSD are strongly 
in consonance with CT scan image findings, which has vivid 
evidence of an increase in ICP.[12‑15] The aim of this study was 
to assess the efficacy of ultrasound of the optic nerve sheath 
in the diagnosis of increase in ICP in trauma patients.

Methods

This prospective study was conducted according to the Sequenced 
Treatment Alternatives to Relieve Depression  (STARD)[16] 
between December 2016 and February 2017. After obtaining 
approval from the Ethics Committee of Ahvaz Jundishapur 
University and written consent, the patients referred to the 
Emergency Department of Ahvaz Golestan Hospital, who 
had clinical traumatic symptoms of increased ICP as shown 
by CT scan, were compared with voluntary healthy group. 
The CT scan image was then taken from the patients, and 
these findings were examined by two radiologists who were 
blinded to ONSD measurements. CT scan was carried out 
to investigate the presence of brain lesion and symptoms of 
increased ICP such as midline shifts, 3 mm or more due to 
the effect of space‑occupying lesions, third ventricle collapse, 
hydrocephalus, sulcal effacement with significant edema 
symptoms, and abnormal mesencephalic cistern.

The criteria for excluding patients from this study were 
age  <18  years, having a history of glaucoma or taking 
medicines that affect CSF, having eye diseases such as tumors 
or eye trauma, exposure to substances or poison that reduce 
consciousness, as well as electrolyte disturbances  (hypo or 
hyperthyroid and hypo or hyperglycemia). The characteristics 
of each patient, including Glasgow Coma Scale (GCS), age, 
sex, height, weight, mechanism, and severity of brain damage 
were collected.

Ultrasound measurements
First, the ultrasound of the eye of the patients was performed 
by a researcher with a SONOSCAPE‑SSI 6000 (Shenzhen, 
Guangdong, P.R China) machine that had a linear probe of 
5–10 MHz. The patients were placed in the supine position with 
their eyes closed, and then, the ultrasound gel was placed on 
the eyelid. For measurement of optic nerve sheath, a diameter 
of 3 mm was measured in the posterior to the globe [Figure 1]. 
In each patient, the measurement was done three times on 
each eye in an axial region, and the mean of these sizes was 
obtained as ONSD.

Statistical analysis
All data were analyzed using SPSS software. To describe the 
data, the mean and standard deviation were employed for 
quantitative variables whereas frequency and percentage were 
used for qualitative variables. Pearson correlation coefficient 
or Spearman correlation coefficient, t‑test, Mann–Whitney test, 
and Chi‑square test were employed for data analysis.

Results

Of the 112 participants studied [Figure 2], 86 (76.8%) were male, 
and 26 (23.2%) were female. The mean age of the patients and 
the voluntary healthy group was 34.8 ± 14.3 years (between 19 
and 75 years) and 29.8 ± 9.8 years (between 20 and 66 years), 
respectively.

The mean ONSD measurement of the patients and voluntary 
healthy group was 6.01 ± 0.76 and 3.41 ± 0.56 mm in the 
right eye, 6.11 ± 0.75 and 3.39 ± 0.54 mm in the left eye, and 
6.06 ± 0.75 and 4.02 ± 1.07 mm in both sides, respectively. 
Other related information is summarized in Table 1. The ONSD 
in the right and left sides had high and significant correlation 
in the patients (r = 0.929, P < 0.000) and voluntary healthy 
(r = 0.630, P < 0.000) group [Figure 3a and b]; however, the 
correlation of mean ONSD in the patients and voluntary healthy 
group was insignifican (r = −0.108, P  =  456) [Figure  3c]. 
Univariate analysis showed that GCS was significantly 
associated with the mean ONSD (r = −347, P  =  006) 
[Figure  4a], the right side  (r = −0.382, P  =  0.002), and 
the left side (r = −0.299, P  =  0.018) among the patients 
[Figure 4b and c].

Fifty‑six (90.3%) patients exhibited clinical signs of increased 
ICP based on CT scan findings. The mean ONSD of one of 
the patients was 6.24 ± 0.56 mm, and the ONSD in another 
patient (11.3%) which showed no clinical sign of increased 
ICP was 4.61 ± 0.09 mm [Figure 5]. The critical values of the 
risk mean ONSD were 5.3 mm, the sensitivity was 96.4%, and 
the specificity was 71.4% [Figure 6].

Discussion

Although the ultrasonic method is widely employed daily 
for the measurement of the ONSD to detect ICP, there is 
no definite threshold for the diameter of the optic nerve 
sheath to detect an increase in ICP.[17,18] The diameter of 
the optic nerve sheath is measured between 4.7 and 5 
mm[19,20] by ultrasound in the previous studies. The studies 

Figure 1: Measurement of the diameter of the optic nerve sheath, 3 mm 
posterior to the globe



Hanafi, et al.: Ultrasonic assessment of ONSD and increased ICP

71Journal of Medical Ultrasound  ¦  Volume 27  ¦  Issue 2  ¦  April-June 2019

well documented. In this study, it can be seen that patients with 
increased cranial pressure have suffered from the increased 
diameter of the optic nerve sheath. The diameter of the patient’s 
optic nerve sheath was higher than usual in comparison with 
the control group.[24]

Results obtained from a study in 2017 revealed that the 
relationship between increasing the diameter of the optic nerve 
sheath and increasing ICP is significant and can be used as a 
safe method.[25] Evidence of a case study of a patient with a 
severe headache, where the final diagnosis of the disease was 
ICP showed that the diameter of the optic nerve sheath by 
ultrasound was more than normal.[26] Moreover, studies on 

on cutoff point have considered the diameter of the optic 
nerve sheath to be 5 mm for increasing ICP.[19,21,22] However, 
other studies stated that a diameter  >5.5  mm can predict 
an ICP.[23]

Most emergency doctors work in an environment, where 
brain CT scans are available; however, in some certain 
circumstances, alternative diagnostic tools, noninvasive, 
and reliable tools for diagnosing ICP can be helpful. One of 
these situations is in times of crisis. Another application of 
noninvasive methods of measuring the increase in ICP is the 
monitoring of increase in ICP during patient transmission by 
airway. The relationship between ONSD and ICP has been 

Figure 2: Sequenced treatment alternatives to relieve depression flow diagram

Table 1: Investigating the characteristics of patients present in two groups

Variable Patients (n=62), 
n (%)

Voluntary healthy 
(n=50), n (%)

Total (n=112), 
n (%)

Sex
Male 58 (93.5) 28 (56) 86 (76.8)
Female 4 (6.5) 22 (44) 26 (23.2)

Age 34.86±14.24 (19‑75) 29.82±9.8 (20‑66) 32.59±12.74 (19‑75)
Right optic nerve diameter (mm) 6.01±0.76 3.41±0.56 4.85±1.46
Left optic nerve diameter (mm) 6.11±0.75 3.39±0.54 4.89±1.51
Mean of both side (mm) 6.06±0.75 3.04±0.5 4.87±1.47
Trauma mechanism

Driving crash 44 (70.96) ‑ 44 (70.96)
Fall from height 12 (19.35) ‑ 12 (19.35)
Stumble 2 (3.24) ‑ 2 (3.24)
Quarrel 4 (6.45) ‑ 4 (6.45)

Bleeding
Has it 56 (90.3) ‑ 56 (90.3)
Does not have it 6 (9.7) ‑ 6 (9.7)

Early symptoms
Decreased Glasgow coma 49 (79.03) ‑ 49 (79.03)
Focal nerve symptoms 1 (1.61) ‑ 1 (1.61)
Nausea and vomiting 3 (4.84) ‑ 3 (4.84)
Decreased Glasgow coma and focal nerve symptoms 5 (8.05) ‑ 5 (8.05)
Decreased Glasgow coma and nausea and vomiting 3 (4.84) ‑ 3 (4.84)
Decreased Glasgow coma and focal nerve symptoms and nausea and vomiting 1 (1.61) ‑ 1 (1.61)
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healthy volunteers showed no increase in the diameter of the 
optic nerve sheath.[27] Overview and ultrastructure studies have 
also emphasized on the accuracy and validity of this diagnosis 
method.[28‑30]

GCS has long been used to assess the presence of brain lesions 
and GCS, and based on that, the patients are classified into 
three categories including mild 13–15, moderate 9–12, and 
severe 3.[31] In this study, there is a significant relationship 
between the increase in the ONSD and the GCS (P = 0.02), 
by decrease of GCS, the diameter of the optic nerve sheath is 
more dilated. In a study conducted by Soldatos et al. (2009),[15] 
the diameter of the optic nerve sheath and increased ICP 
in the patients with moderate brain injury have increased 
(GCS: 9–12).[32]

The critical values of the risk mean ONSD were 5.3  mm, 
the sensitivity was 96.4%, and the specificity was 71.4%. 
It indicates that the use of ultrasound in detecting increased 
ICP arising from trauma is a noninvasive and safe solution 
and has a high diagnostic power. This test, due to its ease 
of use, reduces the patient’s chance of death by timely 
diagnosis. Moreover, using ultrasound, in comparison with 
other methods, reduces the cost of treatment for patients and 
the hospital.

Conclusions

Ultrasound of the optic nerve diaphragm with acceptable 
sensitivity can detect the increased ICP, and it is important 
to expedite the actions required to reduce ICP. Due to the 
sensitivity and specificity of the ultrasound of the optic 
nerve sheath diaphragm in detecting increased ICP, and since 
ultrasound is a noninvasive and available technique that can 
be performed at the patient’s bedside, it is suggested that this 
tool should be employed in the early diagnosis of patients 
with increased ICP. Moreover, in patients with unstable 
conditions that do not allow the patients to be transferred 
from the emergency department, this method is employed 
as an alternative to CT scan and other diagnostic methods of 
increased ICP.

Limitations
There are some limitations in this study. We could not estimate 
the increased ICP by lumbar puncture (LP) because patients 
with suspected traumatic increased ICP may have brain hernia 
by performing an LP.
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Figure  6: Receiver operating characteristic curve for the mean optic 
nerve sheath diameter. The area under the curve of 0.839 means 
that 83.9% of the time, a randomly selected individual who with 
increased intracranial pressure has a wider mean optic nerve sheath 
diameter than that of patients who with normal increased intracranial 
pressure

Figure  5:  (a) Computed tomography scan showing the increased 
intracranial pressure  (b) ultrasound showing increased diameter 
of optic nerve sheath in traumatic patient  (optic nerve sheath 
diameter = 5.4 cm) (c) computed tomography scan in healthy control 
(d) ultrasound in healthy control (optic nerve sheath diameter = 3.4 cm)
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Figure 4: Correlation of Glasgow Coma Scale and mean optic nerve sheath diameter in patients (a). Correlation of Glasgow Coma Scale and mean 
optic nerve sheath diameter in the right and left sides (b and c)
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