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ORIGINAL ARTICLE

Diagnostic Accuracy of Optic Nerve
Sheath Diameter Measured with
Ocular Ultrasonography in Acute
Attack of Chronic Obstructive
Pulmonary Disease
Zeliha Copcuoglu, MD, Oya Akpinar Oruc, MD

Objective—The study aimed to evaluate intracranial pressure changes by mea-
suring ONSD before and after treatment in patients with chronic obstructive
pulmonary disease (COPD).

Methods—The study was designed as a prospective analysis, in which 56 COPD
in acute exacerbation and 50 volunteers. COPD severity was determined by the
Dyspnea Scale of Modified Medical Research Council (mMRC). Measurements
were made with ocular ultrasonography and linear probe in both eyes.

Results—Both the right and left ONSDs were higher in the patient compared to
the control (P = .017) and regressed after the treatment (P = .021). In the
ROC analysis for the predictability of COPD, right eye ONSDs showed a predic-
tive potential for COPD with %75.7 specificity and %68.1 sensitivity at 0.455
cut-off (AUC: 0.727; P = .0001; %95CI: 0.609–0.833). Similar to the right eye,
the left ONSD presented %74.4 specificity and %67 sensitivity at 0.505 cut-off
value (AUC: 0.718; P = .0001; %95CI: 0.608–0.841).

Conclusion—The ONSD measurement that was with the help of ocular ultraso-
nography can be a useful diagnostic tool for symptomatic COPD presenting with
an acute attack.

Key Words—intracranial pressure; COPD; optic nerve sheath diameter; ocular
ultrasonography

Chronic obstructive pulmonary disease (COPD) is one of
the chronic diseases that cause significant mortality and
morbidity worldwide.1 Despite the decrease in death rates

with reliable new generation drugs and treatments, applications to
emergency services due to COPD exacerbation are increasing as a
result of the increase in smoking prevalence.2,3 Increasing rates of
it become essential for physicians in the emergency care to have
quick decision-making mechanisms against this common and fatal
disease.4

Patients presenting with COPD exacerbation needs to be
evaluated very well in terms of its clinical situation.5 In this sense,
since the general condition of these patients is poor, dyspneic and
tachypneic, arterial blood gas analysis is absolutely necessary to
have detailed information about their routine blood, metabolic
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and respiratory status.6 Arterial puncture done for
blood gas analysis is often painful and may cause
hematoma, infection, hemorrhage, aneurysm, emboli-
zation, or thrombus during its application.7 With the
passage of blood-borne viruses, it also puts healthcare
workers at unnecessary risk. For these reasons, the
need for novel or pratic non-interventional tests that
can give an idea about blood gas values have
increased.2,8

The optic nerve sheath, which has a trabeculated
arachnoid space through which the cerebrospinal fluid
slowly drains, is structurally continuous with the
dura-mater.9,10 The structural main material of the
nervous tissue observed on ultrasound is homoge-
neous and has low-reflectivity compared to the
sheath.11 Intracranial pressure (ICP) can be deter-
mined by measuring the optic nerve diameter with
ultrasound (ONSD), which is a noninvasive and cost-
effective, painless method in emergency room
conditions.12–14

The present study aimed to detect the ICP seen
in COPD with optic nerve diameter changes. and to
investigate the usability of optic nerve sheath mea-
surement with ocular ultrasonography as an alterna-
tive tool for COPD with acute attack.

Materials and Methods

Ethical Statement
This prospective clinical cross-sectional analysis that
was conducted with COPD Patients (n:56), who
presented to the Emergency Department of the Uni-
versity Medical Faculty Hospital with acute exacerba-
tion, and the control group (n:50) was approved by
the Non-Interventional Studies Ethics Committee of
the University, on 21.04.2016 with protocol number
80558721/104. A voluntary consent form was created
for the individuals who agreed to participate in the
present study and their consent was obtained before
including the study. While 24 of the patient group
were female and 32 males, 22 of the participants in
the control group were females and 28 males.

Participation in the Study
The study group included 56 patients over the age of
40 who were diagnosed with COPD in the past and
presented with acute exacerbation to the Emergency

Department of the University Hospital, and
50 healthy-participants who has matched demo-
graphics with the patient group such as age, gender
and BMI. We enrolled participants among the healthy
people who were not diagnosed with COPD or
related pulmonary disease in the past. We excluded
from the study, if they have one of these criteria: a
history of disease (intracranial mass, edema, hema-
toma, abscess, presence of cyst, hydrocephalus, sei-
zure history), pregnant, suspected intoxication, those
who did not agree to participate in the study, and
those under 40.

Assessment of COPD
A standard data collection and follow-up form was
created for the study and control groups, with the
approval of the ethics committee. Spirometry values,
clinical and blood gas evaluation were carried out
together for the diagnosis of COPD. Demographic
features such as age, gender, contact information,
height, weight, body mass index (BMI), CV and fam-
ily history findings, and vital signs at the time of
admission were recorded in addition to clinical fea-
tures such as the reasons for admission, examination
findings, how many years have been followed with
the diagnosis of COPD, the presence of headache,
the severity of headache if present (Visual Analog
Scala = VAS), and the characteristics of headache. In
the patient group included in the study, the severity
of the disease was determined with the help of the
Modified Medical Research Council Dyspnea Scale
(mMRC).15,16 17.9% of them are in mMRC-1, 23.2%
in mMRC-2, 41.1% in mMRC-3 and 17.9% in
mMRC-4 group. Arterial blood gases were analyzed
at the time of admission. Optic nerve diameter mea-
surement was performed by ultrasonography in all
included participants. The Short Form-36 (SF-36)
performance questionnaire was applied to the study
group as a quality-of-life questionnaire.

Arterial Blood Gas
Arterial blood gases from the patient group were
taken from the radial artery after Allen’s test, using a
heparin-washed insulin syringe in accordance with
aseptic rules, and evaluated in approximately 1 ml of
blood sample. In the patient group, arterial blood gas
analyzes were evaluated with the Radiometer ABL
700 Series blood gas device, and pH, PaO2 (partial
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oxygen pressure), PaCO2 (partial carbon dioxide
pressure), SaO2 (arterial oxygen saturation), COHb
(carboxyhemoglobin), lactate measurements
were made.

Evaluation of Optic Nerve
Optic nerve sheath diameter evaluation in the study
group was performed by a single emergency medicine
assistant who had received relevant ultrasonography
training. For the ONSD measurements to be reliable,
they were repeated twice and the average was
recorded. These measurements were performed in
the clinical evaluation area located in the emergency
unit. A standard USG machine (Terason brand) with
a linear probe was used in the examinations.17 This
option was proper to dedicated ocular settings as
Food and Drug Administration (FDA) rec-
ommended. The acoustic output in spectral (pulsed)
and color Doppler modes did not exceed the FDA’s
maximum recommended levels for the eye. The mea-
surements were made in the supine position in
patients who could tolerate it, and in a semi-sitting
position with eyes closed and looking straight ahead
in patients who could not tolerate it and had
increased respiratory distress. After rubbing water on
both eyelids with a clean cotton ball, the linear
ultrasound probe was placed in a patient-specific non-
sterile glove and performed horizontally over the
eyelid. Optic nerve sheath measurement was made
from the area between the hyperechoic dural sheaths
located on the edge of the hypoechoic subarachnoid
area surrounding the optic nerve. Optic nerve sheath
diameter over 5 mm was considered significant.10

Statistical Evaluation
In the study, frequency analysis was given for the dis-
tribution of nominal and ordinal data, and mean and
standard deviation values were given for the definition
of measurement data. Before the difference analysis

of the measurement data, Kolmogorov–Smirnov test
was performed to test the homogeneity of the distri-
bution of the data. According to the test results, the
independent sample T-test was used in the double-
group difference analysis of the normally distributed
data, and the one-way ANOVA test was used in the
analysis of more than two samples difference. Mann
Whitney U-test was used for the difference analysis of
paired groups when the distribution of the data did
not fit the normal distribution. Pearson’s rho correla-
tion was used in the correlation analysis. A receiver
operating characteristic (ROC) curve was used to
assess the diagnostic efficiency of the ONSD mea-
surement for the diagnosis of COPD. All analyzes
were performed with a 95% confidence interval and
SPSS v17.0 for Windows package program.

Results

Demographic Data
The mean age was 69.9 + 9.8 in the patient and
69.6 + 10.2 in the control. While the mean body
mass index (BMI) of the patient group was 27.1 -
+ 6.3 kg/m2, the mean BMI of the control was 27.8 -
+ 4.9 kg/m2. The COPD diagnosis history of our
patients was as follows: 0 to 5 years for 35.7% (n:20),
6 to 10 years for 30.4% (n:17), 11 to 15 years for
16.1% (n:9), and more than 15 years for 17.9%
(n:10). No significant difference was found in demo-
graphic data (P > .05).

Optic Nerve Sheath Diameter
As shared in Tables 1 and 2, when the patient group
came to the emergency room, the optic nerve sheath
diameter (ONSD) of the right and left eyes were
measured and compared with the measurements of
the control group. The mean admission right eye
ONSD was 5.1 � 0.7 mm in the patient group, while
the right eye ONSD average in the control group was
4.7 � 0.7 mm. The presentation of mean left eye
ONSD was 5.2 � 0.7 mm in the patient, and
4.7 � 0.6 mm in the control. Both the right and left
ONSD values were significantly higher in the patient
compared to the control (P < .05). The right and left
eye ONSDs were compared before and after COPD
attack treatment in the patient group. While the mean
right eye ONSD of the patient group was

Table 1. Optic Nerve Sheath Diameter Values in the COPD and
Control Groups

ONSD (Groups) Patients (n:56) Control (n:56) P

The right eye, mm 5.1 � 0.7 4.7 � 0.7 .029
The left eye, mm 5.2 � 0.7 4.7 � 0.6 .004

Independent T-test was used to analyze the groups. ONSD, optic
nerve sheath diameter.
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5.1 � 0.7 mm before treatment, it was 4.8 � 0.7 mm
after treatment. While the mean left eye ONSD was
5.2 � 0.7 mm before treatment, it was 4.8 � 0.7 mm
after treatment. Both right eye ONSD and left eye
ONSD values were found to be significantly higher in
the patient group before COPD attack treatment than
after treatment (P < .05).

In the ROC analysis we did for the predictability
of COPD, we found a diagnostic potential of ONSDs,
as we see in Figure 1. Right eye ONSDs showed a
predictive potential for COPD with %75.7 specificity
and %68.1 sensitivity at 0.455 cut-off value (AUC:
0.727; P = .0001; %95 confidence interval: 0.609–
0.833). Similar to the right eye, the left ONSD pres-
ented %74.4 specificity and %67 sensitivity at 0.505
cut-off value (AUC: 0.718; P = .0001; %95 confi-
dence interval: 0.608–0.841).

mMRC analysis
The patients’ presentation right and left eye ONSDs
were compared between the mMRC groups. When
examined among mMRC groups; It was observed that
ONSD increased as the severity of COPD increased,
but the difference was not significant (P > .05). In order
to better understand the effects of COPD severity on
ONSD, the patient group was grouped as mild (mMRC
0 and 1) and severe (mMRC 2, 3 and 4) and the results
are shown in Table 3. When ONSD was analyzed
according to the mMRC mild and the mMRC severe
groups; the left ONSD value was significant between
the groups (P < .05), while the right eye ONSD values
did not show a significant difference according to the
alterations (P > .05).

The patient group was divided into two groups
according to the mMRC scale, 0–1 as the mild and
2–4 as the severe group. These two groups were eval-
uated according to the parameters of the SF-36 per-
formance questionnaire, and a difference was found
between the two groups only in terms of physical
function (P < .05). There is no difference in the
patient group in terms of other parameters.

Table 2. The Comparison of Before–After the COPD Treatment

ONSD (Treatment) Before (n:56) After (n:56) P

The right eye, mm 5.1 � 0.7 4.8 � 0.7 .0001
The left eye, mm 5.2 � 0.7 4.8 � 0.7 .0001

Independent T-test was used to analyze the groups. ONSD, Optic
nerve sheath diameter.

Figure 1. The ROC analysis of optic nerve sheath diameter
changes with ultrasonography in chronic obstructive pulmonary
disease

Table 3. Difference Between ONSD Values of COPD

ONSD (Groups) mMRC1 (n = 10) mMRC2 (n = 13) mMRC3 (n = 23) mMRC4 (n = 10) P

The right eye, mm 4.9 � 0.7 5.2 � 0.9 5.0 � 0.7 5.3 � 0.9 .676
The left eye, mm 5.0 � 0.9 5.3 � 0.9 5.2 � 0.7 5.3 � 0.8 .708

ONSD (Severity) mMRC Mild (n = 10) mMRC Severe (n = 46) P

The right eye, mm 5.1 � 0.9 5.1 � 0.7 .852
The left eye, mm 4.8 � 0.9 5.3 � 0.7 .032

ONSD, optic nerve sheath diameter; mMRC, Modified Medical Research Council Independent T-test was used to analyze the groups.
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Blood Gas Analysis
In the patient group, when the entrance and exit left
ONSD were examined according to the output PaO2,
PaCO2 and saturation groups. A significant alteration
was observed in the group with oxygen 60–79,
the group with carbon dioxide <35 and 36–44, and
the group with %90–100 saturation (P < .05). When
the correlation between the admission blood gas
values of the patient group and the admission ONSD
was examined, a negative correlation was only found
between the O2 value and the admission right ONSD
(r = �0.332; P < .05). Apart from this, no relation-
ship was found between ONSD and other blood gas
parameters (P > .05).

Discussion

The ONSD values, which we look at in the right and
left eyes, will be a very useful tool for physicians in
understanding the practice and can be integrated into
the routine as a diagnostic device. The use of ONSD
measurements with the help of ocular USG can be a
guide in the follow-up of the response to the treat-
ment applied to symptomatic COPD presenting with
an acute attack.

Today, largely invasive methods are used to
detect intracranial pressure changes. Intracranial
pressure is a condition related to the hypoxia
ad hypercarbia.12 A prospective self-controlled non-
randomized trial study by Duyan and Saridas, investi-
gated the correlation between differences in ONSD
and changes in PaCO2 and pH values before and after
treatment in COPD.18 They reported that the ONSD
changed significantly and in a highly correlated man-
ner to acute changes in PaCO2 levels. Measuring the
diameter of the optic nerve sheath can give informa-
tion about the increase in intracranial pressure. In the
present study, intracranial pressure changes were
investigated in COPD presenting with acute exacerba-
tion by measuring optic nerve sheath diameter
(ONSD) with the help of ultrasonography. ONSD
increased in patients presenting with COPD acute
exacerbation. The finding that the optic disc diame-
ters decreased after treatment in COPD patients
suggested that hypoxia and hypercarbia were effective
in optic disc diameter.

The optic nerve is a continuation of the central
nervous system and continues as the dura mater layer
of the brain in the head.19 There is a subarachnoid
space-like structure associated with the intracranial
subarachnoid space in the perineural space between
the optic nerve and its sheath. In cases of increased
intracranial pressure, CSF-fluid is displaced towards
the optic nerve sheath.20 These changes can be evalu-
ated with ocular USG. It has become a method that
can be used in emergency services in recent years,
with its easy applicability, possibility of repeated mea-
surements, and no radiation. Although there is still
debate about the cutoff value that best shows the
increase in intracranial pressure, the normal value for
ONSD is accepted as 4.5–5 mm. In the study con-
ducted by Goel et al., in which patients with head
trauma were discussed the sensitivity of optic nerve
USG in detecting the presence of intracranial pathol-
ogies.21 In our study, the average ONSD measured by
USG was 5.2 � 0.7 in our patient and 4.7 � 0.7 in
our control group, and the mean of the measure-
ments in our patient group is above 5 mm.

In the meta-analysis conducted by Dubourg
et al., the results of ONSD measurements made with
the help of optical USG for the evaluation of intracra-
nial pressure and measurements made with invasive
methods were compared. As a result of this research,
ONSD measurements are 90% sensitive and 85% spe-
cific in detecting increased intracranial pressure. In a
study, optical USG applications could be a guide in
determining the approaches to be applied to
patients.22 In the ROC that we performed for the pre-
dictability of COPD; we found a diagnostic potential
of ONSD. Right eye ONSDs showed a predictive
potential for COPD with %75.7 specificity and %68.1
sensitivity. Similar to the right eye, the left ONSD
presented %74.4 specificity and %67 sensitivity for
COPD. The data obtained in our study suggest that
PaO2 may have an important role in pressure
changes. A negative relationship was found between
hypoxia and ONSD, and in the light of the data
obtained, hypoxia may play a role in the changes
intracranial pressure and these changes could be eval-
uated with the help of USG.

In the present study, there was no significant dif-
ference in the analysis of mMRC values showing the
degree of dyspnea in the analyzes performed from
1 to 4, but we found a significant difference in the left
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eye in the classification made as severe and mild.
Although we can explain this situation as the left eye
is affected by COPD more than the right eye, we con-
sider that more large cross-sectional studies should be
investigated in order to use precise statements. The
strength of the present research is that assessment of
optic nerve sheath diameter changes with ultrasonog-
raphy in chronic obstructive pulmonary was tested by
us for the first time with this analysis to the best
acknowledge of us. As major limitation, the limited
number of patients evaluated and the fact that intra-
cranial pressure was not evaluated with a different
method other than ultrasonography. Although it was
tried to determine whether the cases had co-
morbidities that would affect the ONSD measure-
ment, the possibility of the existence of undiagnosed
or incomplete data. ICP were indirectly analyzed that
no gold standard to actually say that ICP was ele-
vated. Although the physician who made the evalua-
tion in the study worked according to scientific
principles, the evaluation with a single physician
unfortunately prevented a blind review of images.

Conclusion

The increase in intracranial pressure in patients dur-
ing the acute exacerbation of COPD was demon-
strated with the help of ultrasonography, and it was
determined that these findings regressed after the
treatment. Ocular ultrasonography can be used in the
follow-up of intracranial pressure changes in COPD
that there was a negative relationship between partial
oxygen pressure and ONSD. Its measurements can
be a guide in blood gas monitoring. The use of ultra-
sonography, which does not contain radiation and is
an easily applicable diagnostic tool, in the diagnosis
and follow-up of patients with suspected intracranial
pressure increase can provide important information
to clinicians working in emergency departments.
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