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 Rapid recognition of elevated intracranial pressure (ICP) is essential to avoid brain 
stem herniation and death. Brain stem herniation is a very serious disorder in which an excess 
of intracranial pressure causes part of the brain to be squeezed through the foramen magnum 
at the base of the skull. Increased pressure on the brain stem can lead to blood pressure and 
breathing problems and brain death, respiratory or cardiac arrest, permanent brain damage, 
coma and death. The aim of this work was to evaluate the diagnostic accuracy of using Optic 
Nerve Sheath Diameter (ONSD) measurements to detect elevated ICP compared to computed 
tomography (CT) brain scanning. A prospective, observational cross-sectional study of 100 
randomly selected ICU patients with suspected elevated ICP at Cairo university hospitals and 
cardiothoracic surgical ICU of the National Heart Institute (NHI), Cairo, Egypt. Optic nerve 
ultrasonography (US) was performed on all patients; CT brain scanning was chosen as the gold 
standard for detecting elevated ICP.  Results: the cause of elevated ICP, 51.3% of patients were 
admitted with head trauma P-value = 0.000, clinical signs of elevated ICP, 31.3% of patients 
developed convulsions and 26.3% showed Cushing reflex (P=0.004 and 0.010 respectively). 
Besides the Glasgow Coma Scale (GCS), patients with elevated ICP had a mean GCS score of 
7 and patients without elevated ICP had mean GCS of 13 (P?0.001). Regarding ONSD, mean 
average ONSD was 6 in patients with elevated ICP and 3.1 in patients without elevated ICP 
(P?0.01), receiver operating characteristic (ROC) curve analysis revealed that ONSD greater 
than 4.31 mm was significant in prediction of elevated ICP compared to CT brain scanning 
with 94.8% sensitivity and 90.11% specificity. Conclusion: patients’ ONSD is a simple bedside 
technique that can accurately diagnose of elevated ICP compared to CT brain scanning. The 
diagnostic accuracy of ONSD using a 4.31 mm cut-off value can diagnose of elevated ICP with 
94.8% sensitivity and 90.11% specificity.
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 Elevated ICP is critical problem in patients 
with head trauma, ischemic or hemorrhagic stroke, 
post-cardiac arrest or post-cardiopulmonary bypass 
(CPB). There is a significant association between 
elevated ICP and poor outcome, with elevated 
ICP carrying a mortality rate of about 20%1-4. 
Consequently, to minimize brain stem herniation 

and mortality, prompt detection of increased ICP is 
critical for implementing therapeutic options such 
as osmotic therapy, decompression craniectomy, 
craniotomy, and haemorrhage evacuation, or 
cerebrospinal fluid (CSF) diversion5-6. ICP 
monitoring is used to guarantee appropriate 
cerebral perfusion pressure (CPP), however it 
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is associated with a high risk of infection and 
mortality 7-9. Because the optic nerve sheath and 
its contents are continuous with the dura mater 
and the subarachnoid space. As a result, increased 
ICP causes an increase in the ONSD 10-12. Because 
it is a straightforward and noninvasive procedure 
that can be used for critically ill patients, CT brain 
is the gold standard for diagnosing increased ICP. 
Brain edoema, constriction or removal of sulci, 
periventricular lucency (areas of hypodensity or 
lower attenuation around ventricles), and mass 
effect (change in ventricular size) are all common 
signs of increased ICP in CT brain scans 13,14. As 
a result, the goal of this study was to compare the 
diagnostic accuracy of ONSD measures vs CT 
brain scans in detecting increased ICP.

PATIENTS AND METHODS

 A prospective observational study was 
conducted on 100 patients with suspected elevated 
ICP and planned to do CT scan from the ICU 
of Cairo university hospitals and cardiothoracic 
surgical ICU of the National Heart Institute (NHI), 
Cairo, Egypt, during the period between January 
2017 and July 2018. 
 Ethical consideration: Both the critical 
care department at Cairo university hospitals 
and National Heart Institute Institute’s ethical 
committees gave their approval (NHI). In addition, 
clinicaltrials.gov was used to register the current 
study (Registration ID: NCT03529370). All 
participants or their surrogates signed a written 
informed consent form. Patients who were 
suspected of having an increased ICP and 
scheduled to undergo a CT scan were included in 
the study.
 Inclusion criteria: Patients with a high ICP 
who were scheduled for a CT scan. Intracranial 
bleeding with mass effect, changes in ventricular 
size (dilatation or compression), changes in rate of 
grey/white matter (brain edoema), constriction or 
elimination of sulci (brain edoema), periventricular 
lucency were all considered indicators of elevated 
ICP (areas of hypodensity or lower attenuation 
around ventricles).
 Exclusion criteria:  individuals with 
glaucoma history, eyelid injuries, and orbital 
edoema After receiving consent to participate in 
the study, medical records were used to acquire a 

complete medical history (age, gender, BMI risk 
factors such as diabetes mellitus, hypertension, and 
ischemic heart disease), as well as a neurological 
examination for all participants. 
 Following the CT scan, the same operator 
performed an optic nerve ultrasonography (US) on 
all patients (the US operator did not know whether 
the patient scheduled for medical, surgical, or even 
the result of CT scan).
 Patients were placed in a supine position 
with their eyes closed, a generous amount of sterile 
gel was applied to the closed eyelid, and a Siemens 
ultrasound machine (ACUSON S3000TM) was 
used to apply a 6–12 MHz linear probe to the 
superior and lateral aspects of the upper eyelid, then 
the probe was angled slightly medially and caudally 
until the oblique hypoechoic tract of the optic nerve 
could be visualized with clear margins posterior 
to the retina’s diameter should be measured 3 mm 
behind it.
 For all patients, optic nerve US was 
performed immediately after the first CT scan and 
within 48 hours following brain lowering measures 
after the second scan (conservative medical therapy 
and surgical therapy).
 Sample size calculation: Power Analysis 
and Sample Size (PASS) Software version 11 
(NCSS, LLC, Kaysville, Utah, USA) was used 
to compute the required sample size. According 
to local institutional data, approximately 75% of 
patients clinically suspected of having elevated ICP 
had elevated ICP based on CT results. As a result, 
a sample of 100 patients clinically suspected of 
having elevated ICP would be expected to contain 
80 patients with elevated ICP based on CT results 
(positive group) and 20 patients without elevated 
ICP (negative group), resulting in a negative group/
positive group ratio of 0.33. This sample size 
achieved 90% power to detect a change in the area 
under the receiver operating characteristic curve 
(ROC) for predicting elevated ICP using ONSD 
from a null value of 0.5 to an alternative value of 
0.7, which is considered the smallest AUC for a 
predictor to have clinical value, this calculation 
used a two-sided z-test with a significance level, 
alpha = 0.05.
 Statistical analysis: IBM SPSS version 23 
(IBM Corp, Armonk, NY) was used to analyse the 
data. Categorical data were presented as numbers 
and percentages. The unpaired t-test was used to 
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compare intergroup differences. Numerical data 
were provided as means with standard deviations 
(SDs). The paired-samples t-test was used to 
compare numerical data, the Pearson correlation 
was used to evaluate correlations, and the receiver-
operating characteristic (ROC) curve analysis was 
used to look at the diagnostic/predictive value of 
ONSD. A P-value of 0.05 or less was declared 
statistically significant.

RESULTS

 In the current study, 120 patients were 
suspected of having elevated intracranial pressure, 
but 7 patients were excluded due to facial trauma 
and orbital edoema, 4 patients with tear in the 
eyelid, 4 patients who failed to obtain consent 
from their relatives, and 5 patients who refused 
to sign consents, leaving 100 adult patients with 
suspected elevated ICP. Optic nerve US was 
performed on both eyes of the studied population 
to measure ONSD after CT scan. The study’s 
population included 100 adult patients with 
suspected increased ICP, with 80 of them showing 
evidence of elevated ICP in CT brain scans (these 
80 patients were named as group A in this study) 
and 20 of them did not show signs of elevated ICP 
in CT brain (these 20 patients were named as group 
B where we did not repeat the test). In CT brain 
scanning, 56 patients in Group A showed symptoms 
of brain edoema, 25 showed mass effect, and 25 

showed signs of hydrocephalus and periventricular 
lucency. The 56 patients with signs of brain edoema 
received conservative medical treatment, including 
osmotherapy, to decrease raised ICP. In follow-
up CT brain scanning, 14 of them still showed 
signs of elevated ICP, while 42 of them did not. 
38 patients with signs of elevated ICP underwent 
surgical intervention to relieve elevated ICP, either 
decompression craniectomy (DC), craniotomy 
and evacuation of intracranial haemorrhage, or 
ventriculoperitoneal shunt (VPS), and all of these 
patients did not show signs of elevated ICP in 
follow-up CT brain scanning. (Figure 1).
 Table 1 reveals that there was no 
statistically significant difference between the 
two groups of patients based on demographic 
data and risk variables of the examined population  
(Table 1).
 The most common cause of increased 
ICP in the current study was head trauma, which 
was responsible for 41 of group A’s patients 
(51.3%), as well as ischemic or hemorrhagic 
stroke, post-cardiac arrest, post CPB, and hepatic 
encephalopathy. Convulsions and the Cushing 
reflex were common in group A patients, according 
to clinical symptoms in the study population,  
(Table 2)
 The mean average ONSD in group 
A patients was 61.6, but in group B patients it 
was 3.1 (difference =-2.9, 95% CI=-2.8 to -3, 
P<0.000), indicating that average ONSD is useful 

Table 1. Demographic data and risk factors in the studied population

Demographic data                                      CT brain  Test value P-value
  Group A Group B 
 
Age/year Mean ± SD 42.11 ± 15.37 48.80 ± 12.38 -1.803• 0.074
 Range 18 – 74 27 – 62  
Sex Male 58 (72.5%) 14 (70.0%) 0.050* 0.824
                 Female 22 (27.5%) 6 (30.0%)  
DM Yes 36 (45.0%) 5 (25.0%)  0.684
 No 48 (60.0%) 11 (55.0%)  
HTN Yes  36 (45.0%) 5 (25.0%) 2.646 * 0.104
 No 44 (55.0%) 15 (75.0%)  
IHD Yes  32 (40.0%) 10 (50.0%) 0.657* 0.418
 No  48 (60.0%) 10 (50.0%)  
BMI Mean ± SD 32.50 ± 5.64 33.35 ± 4.88 -0.618• 0.538
 Range 22 – 42 25 – 38  

*: Chi-square test; •: Independent t-test, DM: diabetes mellitus, HTN: hypertension, IHD: ischemic heart disease, BMI: 
body mass index.
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Fig. 1. Flowchart diagram of the studied population

in detecting increased ICP. The optimal cut off for 
ONSD was 4.310 mm, with an area under the ROC 
curve (AUC) of 0.975 (95 percent CI 0.80-0.929, 
p=0.014) for detection of high ICP using average 
ONSD. ONSD had a sensitivity and specificity of 
94.8 percent and 90.11%, respectively, for detecting 
high ICP, (Table 3, Figure 2). 
 There was a significant reduction in 
ONSD after receiving osmolar therapy and 
after surgical intervention as shown in (Table 4,  
Figure 3).

DISCUSSION

 To our knowledge, this is the first study 
to look into the utility of ONSD in Egyptians. 
The findings of our study are divided into two 
categories: first, determining the diagnostic 
accuracy of ONSD in comparison to the gold 
standard, and second, determining the clinical 
utility of ONSD in following ICP deceasing mode. 
To begin with, our findings revealed that ONSD 
is a simple bedside approach that can accurately 
diagnose ICP when compared to CT brain scanning, 
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Table 2. Clinical signs in the studied population

Clinical signs                                  CT brain  Test value P-value
  Group A Group B  
  No. = 80 No. = 20
  
Pupils Equal & reactive 68 (85.0%) 20 (100.0%) 3.409* 0.182
 Dilated fixed 5 (6.3%) 0 (0.0%)  
 Unequal 7 (8.8%) 0 (0.0%)  
Convulsions Yes 25 (31.3%) 0 (0.0%) 8.333* 0.004
 No 55 (68.8%) 20 (100.0%)  
Cushing reflex Yes 21 (26.3%) 0 (0.0%) 6.646* 0.010
 No 59 (73.8%) 20 (100.0%)  
MAP Mean ± SD 84.71 ± 2.26 84.35 ± 1.81 0.664• 0.508
 Range 81 – 89 81 – 88  
Signs of lateralization Yes 7 (8.8%) 0 (0.0%) 1.882* 0.170
 No 73 (91.3%) 20 (100.0%)  

*: Chi-square test; •: Independent t-test 

Table 3. ROC curve for the prediction of elevated ICP using average ONSD

Area Asymptotic  cut-off Sensitivity Specificity Asymptotic 95% 
 Sig.    Confidence Interval

0.975 .014* >4.31 mm 94.8% 90.11% 0.80-0.929

which is considered the gold standard. With 94.8 
percent sensitivity and 90.11 percent specificity, 
ONSD greater than 4.31 mm was considered 
evidence of elevated ICP, according to ROC 
analysis. The current findings are consistent with 
those of other studies 14. The majority of studies 
have suggested a 5 mm cut-off point 15-16. 
 Several studies have found that the cutoff 
for ONSD correlation with increased intracranial 
pressure (EICP) is between 4.8 mm and 5.9 mm 
when compared to invasive ICP monitoring 17-21. An 
ONSD cutoff of 4.8 mm was found to be 96 percent 
sensitive and 94 percent specific for elevated ICP 
by Rajajee et al. 21. Moretti and Pizzi,22 compared 
ultrasound assessment of the ONSD to invasive 
ICP monitoring and reported that a cutoff of 5.2 
mm for increased ICP was 93 percent sensitive 
and 74 percent specific. Lim et al., in a 2017 study 
on patients with traumatic brain injury, found that 
ONSD higher than 5.5 mm (measured on CT) was 
a good indication of midline shift, with a sensitivity 
of 89.9% and a specificity of 80%, 23, 24. 
 Second, our findings showed that osmolar 
therapy reduced ICP, as evidenced by a significant 
reduction in ONSD among patients in group A 

who had symptoms of excessive ICP disappear 
in CT brain scans. These findings are consistent 
with those of a prospective observational study 
conducted by Launey et al. in 2014, which included 
patients with a severe acute brain injury who were 
monitored with an invasive ICP monitor and the 
ONSD was measured for each patient who had a 
sustained elevated ICP. ICP and CPP were also 
recorded at the same time. All measures were taken 
before and after a 20 percent mannitol infusion for 
20 minutes. In all cases, the ONSD was greater 
than 5.8 mm before osmotherapy, and the ONSD 
significantly decreased after mannitol infusion 
from 6.3 (6.1-6.7) mm to 5 mm. (5.5-6.3) mm 
(p=0.0007). Concomitantly, the ICP decreased 
from 35 (32-41) to 25 (22-29) mmHg (p=0.001) 
and the CPP increased from 47 (50-60) to 66 (59-
69) mmHg (p=0.003), 25.
 Finally, the study found that surgical 
intervention, such as craniotomy and cerebral 
haemorrhage evacuation, craniectomy, or VPS 
insertion, reduced ICP. ONSD was considerably 
higher in those individuals before surgical 
intervention than after surgery, indicating that 
surgical intervention was effective in reducing 
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Fig. 2. Shows the ROC curve for the prediction of elevated ICP using average ONSD

Fig. 3. Mean ONSD in patients with or without CT evidence of increased ICP. Error bars 
represent the 95% confidence interval (95% CI). Dots represent individual observations
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ONSD in patients who had no symptoms of 
raised ICP in CT brain after surgery. The ONSD 
was measured to determine VPS malfunction in a 
study conducted by Zaidi & Yamamoto in 2014, 
and similar results were reported. They discovered 
that VPS dysfunction increased the growth of the 
optic nerve 226. Gao et al. in 2018 on the other 
hand, looked at patients after a hemicraniectomy 
in a prospective observational analysis. Within 
6 hours of surgery, all patients had invasive ICP 
monitoring and ocular ultrasonography. They 
followed the patients for 6 months and analyzed 
the ONSD in relation to ICP and neurological 
result, concluding that the ONSD assessed with 
ultrasound was unreliable for determining ICP 
following hemicraniectomy, albeit it did have 
potential predictive value for a bad neurological 
outcome 27.
 Several factors could account for their 
findings. First, the impact of decompressive 
craniectomy (DC) consequences on CSF 
hydrodynamics, such as subdural hygroma and 
post-traumatic hydrocephalus, was overlooked 28. 
CSF secretion may be reduced, outflow may be 
affected, or CSF may be redistributed as a result 
of surgical craniectomy. Such changes in CSF 
hydrodynamics could prevent the ONSD from 
decreasing after DC was used to treat intracranial 
hypertension 29. Damage to the optic nerve sheath 
may also cause the reversal of ONSD distension to 
be delayed or prevented 30. Because they evaluated 
patients who had undergone hemicraniectomy 
surgery, their data differed from the results of 
the current study. Patients who received any 
surgical intervention to treat increased ICP, such 
as decompressive craniectomy, craniotomy, and 
drainage of cerebral haemorrhage, or CSF drainage 
by a VPS, were included in the current study, 31.
Limitations of the study
 The effect of surgical intervention 
to relieve elevated ICP was observed whether 
this surgical intervention was decompression 
craniectomy or craniotomy and evacuation of 
intracranial hemorrhage or VPS, but the effect of 
each type of surgical intervention on ICP was not 
included in this study. Also, the study was done on 
Egyptian patients only who belong to the Caucasian 
race and was not done on different races.
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CONCLUSION

 ONSD is a simple bedside technique that 
can accurately diagnose of elevated ICP compared 
to CT brain scanning. The diagnostic accuracy of 
ONSD using a 4.31 mm cut-off value can predict 
of elevated ICP with 94.8% sensitivity and 90.11% 
specificity. 
Recommendations
 Further studies are needed for the 
detection of correlation between ONSD and ICP 
after different types of surgical intervention.
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