
Am J Transl Res 2021;13(4):3466-3472
www.ajtr.org /ISSN:1943-8141/AJTR0123359

Original Article
Ultrasonic measurement of optic nerve sheath diameter 
in elderly patients with craniocerebral injury

Zhifei Qiao, Lei Wang, Shutie Li, Yuanli Li, Naikun Gao, Liqun Jia, Chunyan Liu, Liping Zhai, Fulong Li

Department of Critical Care Medicine, The First Affiliated Hospital of Hebei North University, Zhangjiakou, Hebei, 
China

Received September 29, 2020; Accepted December 9, 2020; Epub April 15, 2021; Published April 30, 2021

Abstract: Objective: To explore the application value of ultrasonic measurement of optic nerve sheath diameter in el-
derly patients with craniocerebral injury. Methods: 86 cases of elderly patients with craniocerebral injury treated in 
our hospital between January 2017 and December 2018 were included, all of whom had the invasive monitoring of 
intracranial pressure (ICP) and optic nerve sheath diameter (ONSD) in ultrasonic testing. According to ICP measure-
ment results, patients were divided into a normal ICP group (n = 44) and an increased ICP group (ICP ≥ 20 mmHg 
stood for increased ICP, n = 42). Gender, age, systolic blood pressure, blood glucose, hospital stay, oxyhemoglobin 
saturation, ISS score, ONSD value, hematoma type, primary injury, associated injury and complications of the pa-
tients were compared. Results: The univariate analysis showed that the systolic blood pressure in the ICP increased 
group was significantly decreased while the blood glucose, ISS and ONSD values showed significant increase (P < 
0.05). The multivariate analysis showed that associated injury, systolic blood pressure and ONSD value had a sig-
nificant influence on the increase of intracranial pressure (all P < 0.05). ONSD is positively correlated with ICP (r = 
0.855, P = 0.000). The areas of systolic blood pressure and ONSD value under the curve in diagnosis of increased 
intracranial pressure in elderly patients with craniocerebral injury were 0.717 and 0.780, respectively. When the 
ONSD value was 4.90 mm, the area under the curve was 0.780, the sensitivity and specificity were 89.00% and 
91.00%, respectively. When the ONSD value predicted that the critical value of good/poor prognosis of patients 
was 4.70 mm, the area under the curve was 0.796, the sensitivity was 91.00%, and the specificity was 90.00%. 
Conclusion: Ultrasound measurement of optic nerve sheath diameter can diagnose the increase of intracranial 
pressure in elderly patients with craniocerebral injury, and can better predict the prognosis.
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Introduction

Craniocerebral injury is an emergent and severe 
disease, which is often accompanied by intra-
cranial pressure (ICP). If the increase of intra-
cranial pressure is not diagnosed and treated 
timely, irreversible brain injury and disability will 
often occur. In severe cases, a cerebral hernia 
may be formed and causes death [1]. For elder-
ly patients with craniocerebral injury, they usu-
ally have a history of chronic disease and asso-
ciated injuries. Their craniocerebral injury tends 
to be more severe with a relatively long dura-
tion of coma and a higher incidence of compli-
cations after the injury. As a result, the rate of 
death and disability caused by craniocerebral 
injury in the elderly is higher than that in young 
adults [2]. Therefore, it is of great significance 

for clinical decision-making to quickly and effec-
tively detect the increase of ICP at early stage. 
At present, the invasive monitoring of intracra-
nial pressure is still the golden standard for ICP 
detection [3]. But the cost and risk are rather 
high, and there are many contradictions. 
Complications such as bleeding and infection 
cannot be completely avoided either during the 
monitoring [4]. Therefore, its clinical application 
is limited to a certain extent. Optic nerve sheath 
is a direct extension of the intracranial dura 
mater, which contains a cross-beam subarach-
noid space. When intracranial pressure (ICP) 
increases, the pressure of the subarachnoid 
space will increase, and the optic nerve sheath 
will also increase accordingly. Then, the diame-
ter of ONSD can indirectly predict the increase 
of ICP in patients with craniocerebral injury [5]. 
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Ultrasonic measurement of ONSD has a great 
advantage for predicting ICP increase, which is 
characterized by non-invasive, fast, low cost 
and bedside action, and thus will have a broad-
er application value [6]. However, ultrasound 
measurement of ONSD has not been widely 
used to evaluate ICP increase; the optimal 
threshold value and standard for the diagnosis 
of increased ICP with ONSD is different at home 
and abroad [7]. In consequence, further 
research is still needed to evaluate the applica-
tion value of ICP by using the ultrasonic mea-
surement of ONSD. In order to determine the 
application effect of ONSD value measured by 
ultrasound in elderly patients with craniocere-
bral injury, the clinical data of 86 elderly 
patients with the disease admitted to our hos-
pital from January 2017 to December 2018 
were selected for the retrospective analysis. 
This study was grouped based on ICP. Clinically, 
early detection and treatment of ICP can reduce 
the occurrence of secondary brain injury, espe-
cially for patients with severe traumatic brain 
injury. At present, there are few studies on the 
relationship between ONSD and ICP measured 
by ultrasound in patients with traumatic brain 
injury, and the ONSD threshold for diagnosing 
increased ICP has not been unified. This study 
uses ICP to measure ONSD after grouping, aim-
ing to explore the ultrasound measurement of 
ONSD diameter in the future and correlation 
with direct measurement of ICP, and detect the 
threshold of ONSD measurement to predict the 
increase of ICP as well. 

Materials and methods

General materials

In total, 86 cases of elderly patients with cra-
niocerebral injury treated in our hospital 
between January 2017 and December 2018 
were selected as research subjects. The 
research was conducted according to the prin-
ciples of the World Medical Association 
Declaration of Helsinki. This study was approved 
by the ethical medical committee of the First 
Affiliated Hospital of Hebei North University. All 
subjects gave written informed consent. 
According to their ICP measurement results, 
patients were divided into a normal ICP group 
and an increased ICP group (ICP ≥ 20 mmHg 
stood for increased ICP). There were 44 
patients in the normal group and 42 ones in the 
latter. Inclusion criteria: ① patients diagnosed 

with craniocerebral injury by cranial CT exami-
nation; ② patients who met the diagnostic cri-
teria of craniocerebral injury [8]; ③ patients 
whose Glasgow Coma Scale (GCS) is not great-
er than 8 points, and the duration of coma is 
greater than 6 hours; ④ patients who had 
received ICP monitoring and ONSD ultrasonic 
measurement.

Exclusion criteria: Patients with eye diseases 
such as eye trauma, optic neuritis, glaucoma, 
and optic nerve tumors; CT examination of the 
head showed substantial lesions; history of cra-
niocerebral surgery. 

Research methods

Retrospective analysis was conducted on the 
clinical data of the patients, including: ① 
General materials such as gender, age, medical 
history and causes of injury; ② Admission 
assessment, which mainly contained the 
Glasgow coma scale (GCS), the nature of brain 
injury (such as brain contusion and laceration, 
brain stem injury, etc.), injury severity score 
(ISS), the presence of hematoma (such as epi-
dural hematoma, subdural hematoma within 
the brain, etc.), hematoma volume, blood pres-
sure after craniocerebral injury, blood glucose 
on the admission, serum albumin, whether 
there was hypoxemia or changes of blood coag-
ulation, whether there was acidosis, etc.; ③ 
The diagnosis and treatment of the patients 
mainly included the time from the craniocere-
bral injury to the surgery, the surgical methods, 
the length of hospital stay, whether the trachea 
had been opened, whether hormone drugs had 
been used, etc.; ④ The occurrence of compli-
cations, such as pneumonia, infectious compli-
cations and other complications during hospi-
talization; ⑤ The patients were followed up for 
half year, and the prognosis of the patients was 
evaluated according to the Glasgow Outcome 
Score (GOS) they got half year after the cranio-
cerebral injury. The GOS score of 1-3 points 
indicated poor prognosis, while that of 4-5 
points suggested a good prognosis [9].

Treatment methods

Of the 86 cases of craniocerebral injury, 16 
cases were given non-surgical treatment, 70 
cases underwent craniotomy, including remov-
al of intracranial hematoma, removal of intra-
cranial hematoma and fragmented brain tissue 
plus decompressive craniectomy, etc., 35 
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cases underwent tracheotomy. After operation, 
treatments such as dehydration and lowering 
of intracranial pressure, anti-infection, neuro-
trophic drugs, improvement of microcirculation, 
mild hypothermic neuroprotection, comorbidi-
ties handling and prevention and treatment of 
complications were given. 

Statistical methods

SPSS24.0 was used for the statistical analysis 
in this study. T-test was adopted for measure-
ment data (

_
x  ± s), while chi-square test was 

utilized for the enumeration data (n, %). Logistic 
regression was used for the multivariate analy-
sis. Spearman correlation analysis was used to 
analyze the correlation between ONSD and ICP. 
ROC curves was drawn on ONSD and ICP to 
evaluate the clinical efficacy of ONSD in diag-
nosing ICP. P < 0.05 was considered statisti-
cally significant.

Results

Comparison of clinical data between the two 
groups

No statistically significant differences were 
found between the two groups in gender, age, 

hospital stay, oxyhemoglobin saturation, type 
of primary injury and complications (P > 0.05). 
The systolic blood pressure in the ICP increased 
group was significantly decreased, while the 
blood glucose, ISS and ONSD values showed a 
significant increase; there were significant dif-
ferences in hematoma types and associated 
injury between the two groups. Therefore, sys-
tolic blood pressure, blood glucose, ISS, ONSD 
values, hematoma types and associated inju-
ries were influencing factors for increased intra-
cranial pressure in elderly patients with cranio-
cerebral injury (P < 0.05). The results were as 
shown in Tables 1 and 2.

Multivariate analysis

Intracranial pressure was taken as the depen-
dent variable (0 = no, 1 = yes), and the above 
factors which may be the influencing factors of 
intracranial pressure in elderly patients with 
craniocerebral injury were evaluated and a mul-
tifactorial analysis was carried out (see Table 
3). Results showed that associated injury, sys-
tolic blood pressure, and ONSD value had an 
obvious influence on ICP increase with statisti-
cally significant differences. These were there-
fore independent factors for the ICP increase of 

Table 1. Comparison of clinical data between the two groups (
_
x  ± s)

Variates ICP normal group (n = 44) ICP increased group (n = 42) t P
Age (years old) 72.34±6.78 73.19±6.23 0.605 0.547
Systolic blood pressure (mmHg) 123.96±12.61 95.48±10.42 11.440 < 0.001
Blood glucose (mmol/L) 4.07±1.31 8.46±1.85 12.750 < 0.001
Hospital stay (h) 3.78±1.02 3.86±1.13 0.345 0.731
Oxyhemoglobin saturation (%) 97.61±10.24 96.98±10.07 0.288 0.774
ISS (points) 13.79±3.65 29.46±5.74 15.180 < 0.001
ONSD (mm) 4.52±0.47 5.13±0.56 5.481 < 0.001

Table 2. Comparison of clinical data between the two groups [n (%)]

Variables ICP normal 
group (n = 44)

ICP increased 
group (n = 42) χ2 P

Gender Male 26 (59.09) 25 (59.52) 0.002 0.967
Female 18 (40.91) 17 (40.48)

Hematoma types subdural hematoma within the brain 16 (36.36) 29 (69.05) 9.202 0.002
epidural hematoma 28 (63.64) 13 (30.95)

Primary injury Primary brain stem injury 20 (45.46) 16 (38.10) 0.478 0.489
cerebral contusion and laceration 24 (54.54) 26 (61.90)

Associated injury Yes 19 (43.18) 30 (71.43) 6.994 0.008
No 25 (56.82) 12 (28.57)

Complications Yes 23 (52.27) 24 (57.14) 0.206 0.650
No 21 (47.73) 18 (42.86)
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Table 3. Possible influencing factors and evaluation of increased intracranial pressure in elderly pa-
tients with craniocerebral injury
Variates Code Evaluation
Hematoma type X1 0 = epidural hematoma, 1 = subdural hematoma within the brain
Associated injury X2 0 = no, 1 = yes
Systolic blood pressure (mmHg) X3 0 = ≥ 100, 1 = < 100
Blood glucose (mmol/L) X4 0 = ≤ 6.0, 1 = > 6.0
ISS (points) X5 0 = ≤ 20, 1 = > 20
ONSD (mm) X6 0 = ≤ 4.80, 1 = > 4.80

Table 4. Multivariate analysis of increased intracranial pressure in elderly patients with craniocerebral 
injury
Independent variable B Wald χ2 P value OR (95% CI)
Hematoma type 0.627 2.218 0.059 1.872 (0.962, 6.369)
Associated injury 0.864 5.697 0.023 2.373 (1.012, 7.846)
Systolic blood pressure (mmHg) 0.923 1.991 0.005 2.517 (1.107, 7.938)
Blood glucose (mmol/L) 0.798 11.730 0.126 2.221 (1.101, 7.675)
ISS (points) 0.952 10.343 0.064 2.591 (1.265, 7.974)
ONSD (mm) 1.231 4.239 0.008 3.425 (1.954, 8.782)

Table 5. ROC curve analysis of systolic blood pressure and ONSD in diagnosing increased intracranial 
pressure

Influencing factor AUC Cut-off value Sensitivity Specificity P value
95% CI

Lower limit Upper limit
Systolic blood pressure 0.717 105.10 80.00 85.00 0.009 96.38 122.96
ONSD value 0.780 4.90 89.00 91.00 0.024 4.53 5.12

elderly patients with craniocerebral injury (all P 
< 0.05). The results are shown in Table 4.

Analysis of the correlation between ONSD and 
ICP

Spearman correlation analysis results showed 
that ONSD is positively correlated with ICP (r = 
0.855, P = 0.000). 

ROC curve analysis of systolic blood pressure 
and ONSD in diagnosing increased intracra-
nial pressure

ROC curve analysis found that the area under 
the curve of systolic blood pressure and ONSD 
value in diagnosing increased ICP of elderly 
patients with craniocerebral injury was 0.717 
and 0.780, respectively. When the ONSD value 
was 4.90 mm, the area under the curve was 
0.780, and the sensitivity and specificity were 
89.00% and 91.00%, respectively. See Table 5 
and Figure 1 for details.

ROC analysis curve of ONSD in predicting the 
prognosis of elderly patients with craniocere-
bral injury

According to the GOS assessment of patient’s 
prognosis, there were 45 patients with poor 
prognosis and 41 patients with a good progno-
sis. ROC curve analysis showed that the ONSD 
value in elderly patients with craniocerebral 
injury prognosis of the area under the curve 
was 0.796, the cut-off value was 4.70 mm, the 
sensitivity was 91.00%, and the specificity was 
90.00%. See Figure 2.

Discussion

Craniocerebral injury is an emergent and 
severe disease. Elderly patients with cranioce-
rebral injury usually have a history of chronic 
disease before the injury, accompanied by 
many associated injuries. They may have 
severe craniocerebral injuries, a relatively long 
duration of coma, and a high probability of 
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complications after injury. So, the rate of mor-
tality and disability of craniocerebral injury in 
the elderly is higher than that of young adults 
[10, 11]. Increased ICP is commonly seen in 
patients with craniocerebral injury and has a 
certain impact on patients’ prognosis. So, it 
contributes to clinical decision-making to 
strengthen the monitoring of ICP in patients 
with craniocerebral injury, taking active mea-
sures to control the increase of ICP, improving 
the prognosis of patients, and lowering mortal-
ity and morbidity rates [12]. The current golded 
standard for the detection of ICP is invasive 
monitoring, which has a good monitoring effect 
[13] although with many disadvantages and 
contradictions. The occurrence of complica-
tions such as bleeding and infection cannot be 
completely avoided during the monitoring pro-
cess. Its safety needs to be further improved 
[14, 15]. In addition, the invasive monitoring of 
ICP takes a long time from the beginning of the 
operation to the result of ICP detection [16], 
which can easily delay the treatment and seri-
ously affect the early rescue. Therefore, its 
clinical application is limited to a certain extent.

In the meantime, studies have found that the 
ultrasonic measurement of ONSD can indirectly 
reflect the ICP increase in patients with cranio-
cerebral injury [17]. In our study, the single-fac-
tor analysis showed that compared with the 
normal ICP group, systolic blood pressure in the 
increased ICP group was obviously lower, while 
the blood glucose, ISS, and ONSD value 
increased significantly; and significant differ-
ences were found between the two groups in 
terms of the type of hematoma and associated 
injury. These were considered as influencing 
factors for the ICP increase in patients with cra-
niocerebral injury (P < 0.05). We have shown 
that associated injury, systolic blood pressure, 
and ONSD value had significant impacts on 
elderly patients with craniocerebral injury, and 
thus were independent factors of the ICP 
increase in the elderly patients with craniocere-
bral injury (all P < 0.05). It verified that the 
ONSD value of the ultrasonic measurement is 
associated with the intracranial pressure of 
craniocerebral injury patients. The results were 
consistent with the report. The reason may be 
that the visual nerve belongs to the central 
nerve, and the orbital cavity is partially enclosed 
by the optic nerve sheath and is formed by 
three layers of dura mater. The space is clear 
between the three layers of the dura and the 
subarachnoid space and the intracranial sub-
dural space, and contains cerebrospinal fluid. 
When intracranial pressure rises, the pressure 
travels along the optic nerve to the optic nerve’s 
head. The cerebrospinal fluid from the cranium 
will then be squeezed into the optic nerve 
sheath accordingly, which can further widen 
the space within the nerve sheath [18]. 
Eventually, the ONSD is increased. Therefore, 
the measurement of ONSD can be used to indi-
rectly reflect the intracranial pressure of 
patients with craniocerebral injury, and the 
changes of intracranial pressure can be reflect-
ed according to the changes of ONSD. The 
ultrasonic measurement of ONSD is of applica-
tion value to detect increased ICP and plays an 
auxiliary role in the diagnosis of patients’ condi-
tion. The measurement of ONSD by bedside 
ultrasound, as a non-invasive and fast intracra-
nial pressure detection method [19], will 
receive more and more clinical attention. 
However, the critical value of ONSD for diagnos-
ing ICP increases in patients with craniocere-
bral injury is yet not unified. In foreign studies, 

Figure 1. ROC analysis curve of systolic blood pres-
sure and ONSD in diagnosis of increased intracranial 
pressure.

Figure 2. ROC analysis curve of ONSD predicting the 
prognosis of elderly patients with head injury.
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the ONSD value of 5 mm is regarded as the 
best critical value for determining ICP increase. 
However, domestic studies suggest that the 
critical value is 4.8 mm [20]. And when the 
ONSD value of 4.90 mm was regarded as the 
critical value of increased ICP, the diagnostic 
sensitivity was 89.00%, the specificity was 
91.00%, indicating that the ONSD value can 
better diagnose ICP increase in elderly patients 
with craniocerebral injury. The reasons for the 
differences in ONSD thresholds at home and 
abroad may be related to the ethnicity of the 
subjects and the severity of the patient's dis-
ease. Moreover, this study only focused on 
elderly patients with craniocerebral injury, 
which has certain limitations. The difference 
between ONSD critical values may also be 
related to the age of subjects. According to the 
above results, it has been verified that ONSD 
values can help diagnose ICP increase. The 
research showed that the increase of ICP is 
likely to lead to the death and disability of 
patients with craniocerebral injury [21], and the 
prognosis was poor. But whether the ONSD 
value can help directly predict the prognosis of 
patients with craniocerebral injury remains to 
be further studied. The study also found that, 
according to the follow-up of GOS, patients with 
poor prognosis had a larger ONSD value; when 
4.70 mm was considered as a critical ONSD 
value for a good/bad prognosis in elderly 
patients with craniocerebral injury, the sensitiv-
ity was 91.00%, the specificity was 90.00%, 
suggesting that the prognosis of elderly 
patients with craniocerebral injury can be bet-
ter predicted with ONSD value. When intracra-
nial pressure increases, the ONSD value will 
also increase, thus affecting the prognosis of 
patients. Therefore, ultrasonic measurement of 
ONSD can effectively monitor intracranial pres-
sure, and the increase of ICP can be detected 
quickly before the symptoms and signs of intra-
cranial hypertension appear. Ultrasonic mea-
surement of ONSD plays a suggestive role in 
clinical decision-making, avoids the delay and 
deterioration of patients’ condition, and is con-
ducive to reducing the occurrence of disability 
and death, thus improving the prognosis of 
elderly patients with craniocerebral injury. 
Therefore, rapid and effective ICP monitoring in 
the early stage of craniocerebral injury is of 
great significance for the prognosis of patients.

In summary, ultrasonic measurement of optic 
nerve sheath diameter can detect the increase 

of intracranial pressure in elderly patients with 
craniocerebral injury, and can better predict 
their prognosis.
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