ISSN: 2320-5407

Int. J. Adv. Res. 5(12), 849-855

ADVANCED RESEARCN clJak)

// \.\ Journal Homepage: - Www.journalijar.com INTERNATIONAL JOURNAL OF

| , \ INTERNATIONAL JOURNAL OF
ADVANCED RESEARCH (IJAR)

| ijar ]

\ J
Y // Article DOI: 10.21474/1JAR01/6029
(SSN NO. 2320-5407 DOI URL: http://dx.doi.org/10.21474/1JAR01/6029

RESEARCH ARTICLE

EFFICIENCY OF OPTIC NERVE SHEATH DIAMETER IN INDICATION OF CEREBRAL EDEMA IN

UNCONSCIOUS PATIENTS.

H. Meftun Kaptan !, Ali Gur?, Kasim Turgut® and Taner Guven®.
1. Van Education and Research Hospital, Emergency Departmant, Van/T(rkiye.
2. Adiyaman Education and Research Hospital, Emergency Departmant, Adiyaman/Tiirkiye.
3. Malatya Education and Research Hospital, Emergency Departmant, Malatya/T rkiye.

00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Manuscript Info

e0ccccccccccccccccccccn e

Manuscript History

Received: 11 October 2017

Final Accepted: 13 November 2017
Published: December 2017

Key words:-Brain Edema, Optic
Nerve Sheath Diameter

Corresponding Author:- Ali Gur.

Abstract

Aim: The objective of this study was to investigate the efficiency of
optic nerve sheath diameter expansion in detection of brain edema.
Material and Method: One hundred seventy nine patients were
examined in the study. Before any diagnostic methods were used, both
eyes were scanned with ultrasonography device and optic nerve sheath
diameter were measured in unconscious patients. Computed Brain
Tomography scan was performed the optic nerve sheath diameter were
measured bilaterally on the Computed Brain Tomography images by
the same researcher. These patients were classified as group 1. Healty
volunteers measured optic nerve sheath diameter by ultrasonography
were classified as group 2. The patients with brain edema on Computed
Brain Tomography scan were classified as group 3 and the patients
with non-traumatic Computed Brain Tomography scan and whose
images are normally evaluated were classified as group 4. After that the
difference between ultrasonography and Computed Brain Tomography
measurements of optic nerve sheath diameter was examined by
comparing the group 2 and group 4 patients. Group 3 and group 4
patients were compared and the difference of optic nerve sheath
diameter measurement averages was examined. After that patients with
and without cerebral edema in group 1 were compared.

Results: There was no significant difference optic nerve sheath
diameter measured between ultrasonography and Computed Brain
Tomography with brain edema patients (p >0,05). Patients with brain
edema and without brain edema were compared and there was a
significant difference (p = 0,0001). As the cut-off value of optic nerve
sheath diameter 5 mm, 5,5 mm and 6 mm was taken there was no
difference between averages optic nerve sheath diameter in patients
with brain edema. When the cut-off value increased, the sensitivity
decreased and the specificity increased. There was a significant
diffence between the healthy participants’ optic nerve sheath diameter
with ultrasound and, patients with Computed Brain Tomography scans
which were reported as normal (p = 0,000105).

Conclusion: Optic nerve sheath diameter is expanding in patients with
cerebral edema and can be measured by imaging methods. There is a
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significant difference between the measurement of optic nerve sheath
diameter with ultrasound and Computed Brain Tomography.

Copy Right, 1JAR, 2017,. All rights reserved.

Introduction:-

There is always the possibility of increased intracranial pressure (ICP) during intracranial events in unconscious
patients. Cerebral edema is a result of pathological fluid accumulation in intracellular and extracellular areas of the
brain. Cerebral edema is a common symptom in ischemic stroke, traumatic brain injury, brain aneurysm rupture, and
neoplasia, depending on the range of neurological conditions (1).

ICP monitoring is standard in the vast majority of brain surgery centers for severe traumatic brain injury (TBI) in
North America and Europe (2). Today, non-invasive techniques have been developed and used to replace the
invasive techniques with high complication risks to minimize the harm and maximize the benefits for the patients
during diagnosis. The studies on the topic aim to use ultrasonography (USG) and the thickness of the optic nerve
sheath diameter (ONSD) measurement, which are non-invasive techniques that can monitor ICP and diagnose
Increased Intracranial Pressure (11P).

The measurement of ONSD with USG was first described in 1987 as the noninvasive measurement method of ICP
(3). Optical USG is an easy to learn technique and the results of a study conducted by Foster et al. confirmed that
emergency physicians were good observers in ONSD measurement (4).

Similarly, the present study aimed to assess the efficiency of the ONSD enlargement measurement as a diagnostic
tool for early recognition and rapid treatment of IIP due to its anatomy and physiology.

Material and Method:-

In the present prospective and observational study, 179 patients, who were over 18 years old, unconscious, with an
elevated traumatic and non-traumatic intracranial pressure and applied to Abant Izzet Baysal University, Faculty of
Medicine Hospital Emergency Department between September 2014 and September 2015, were included in the
study. Patients younger than 18 years of age, patients with bilateral eye trauma, penetrating eye injuries, and patients
with a known optic nerve disease were excluded from the study.

Without using any diagnostic imaging method, patient ONSDs were measured bilaterally with a 7.5 mHz linear
probe using Hitachi ALOKA F 37 ultrasonography (USG) device. The optic nerve was scanned over the closed
eyelids of both eyes of the patients. ONSDs for both eyes were measured with USG and recorded. ONSD was
measured 3 mm behind the retina. The measurement was conducted by one researcher on B-scan mode, oriented
vertically at an angle of 30 degrees on both eyes with closed eyelids, when the patient was lying in supine position.
To obtain clear images USG gel was applied on the eyelids. Subsequently, the patients were scanned with Computed
Brain Tomography (CBT) and the same researcher used the CBT images to measure the ONSD in both eyes and
recorded the findings. These patients were classified as Group 1. Healthy volunteers scanned with USG for ONSD
were classified as Group 2, Group 3 included patients who were diagnosed with cerebral edema with CBT images
and the patients scanned for non-traumatic CBT and whose images were considered normal were classified in Group
4. Then the difference between USG and CBT measurements of ONSD was examined by comparing Group 2 and
Group 4 patients. Group 3 and Group 4 patients were compared and the difference between mean ONSD
measurements were examined in patients whose CBT images exhibited edema and patients with normal CBT
images. Later, the patients in Group 1with and without brain edema were compared.

Measurements were evaluated with Statistical Package for Social Sciences for Windows (SPSS, Inc., Chicago, IL),
version 22.0. Analysis of normal distributed data was conducted with t-test was and the significance level was
accepted as p <0.05. The t-test was individually applied to each group based on age and gender properties.
Subsequently, t-test was applied to assess the difference between the groups. Mann Whitney U-test was applied to
the group data that did not exhibit normal distribution and to investigate the differences between group averages.
ONSD cut-off values were taken as 5 mm, 5.5 mm and 6 mm.
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Results:-
A total of 179 patients were included in the study and patient demographics are presented in Table 1.

Table 1:- Study group demographics

Group 1 Group 2 Group 3 Group 4
Unconscious Healthy Volunteers With Brain edema Normal CBT Patients
Patients (n:46) (n:67) Patients (n:41) (n:66)
Male 27 42 25 36
n Female 19 25 16 30
Age Male 56 33 54 35
Female 75 31 62 43

The mean ONSD measurements for the study group patients are presented in Table 2.

Table 2:- Mean ONSD measurements for the study groups

Group 1 Group 2 Group 3 Group 4
Unconscious Patients Healthy Volunteers | With Brain edema Normal CBT Patients
(n:46) (n:67) Patients (n:41) (n:66)
USG CBT USG CBT | USG CBT USG CBT
ONSD | M| 6111 6,3+1 6,3+0,8 6,1+0,8 55 +0,8
(mm) F 58+1,1 57+07 6,3+08 | ---—- | ----- 57 +1 5,2 +0,6

Group 4 was formed by conducting ONSD measurements using CBT images that were assessed as normal. This
group aimed to investigate the difference between USG and CBT measurements by determining the mean ONSD
value with CBT and comparing it with the measurements of healthy volunteers (Group 2). This comparison was not
conducted with the same patients since imaging the healthy volunteers with radiation tomography would not be
ethical.

To compare the CBT and USG measurements of ONSD, the ONSD measurements of healthy participants (Group 2)
with USG were compared with the CBT ONSD mesurements of the patients with normal USG and CBT ONSDs
(Group 4). There was a significant difference between the measurement of bilateral ONSD averages with USG and
CBT (bilateral p = 0.000105). Since the patient group with normal CBT was created with archived images, it was
not possible to measure the ONSD with USG (Table 3).

Table 3:- Comparison of ONSD measurements of patients with normal USG-CBT in healthy subjects (Groups 2 and
4)

Female Male p
USG (n: 25) CBT (n:36) USG(n: 42) CBT (n: 30)
Mean Bilateral 54 +0,8 mm 5,2+ 0,6 mm 5,2+ 0,6 mm 55+ 0,8 mm 0,000105
ONSD

ONSD averages of patients with normal archived CBT images (Group 4) and that of the patients diagnosed with
cerebral edema with CBT (Group 3) were compared to investigate the relationship between edema and ONSD
(Table 4). There was a significant difference between OCD measurements of patients with and without brain edema.
For the mean bilateral ONSD, it was found that p = 0.0001.

Table 4:- Comparison of ONSD averages of patients diagnosed with edema with CBT and with normal CBT images

Female Male p
Normal CBT (n: Brain Edema Normal CBT (n: Brain Edema
36) CBT (n:16) 30) CBT (n: 25)
Mean Bilateral 5,2+0,6 mm 57 £1mm 55+0,8 mm 6,1 +0,8 mm 0,0001
ONSD

ONSD averages of the 46 unconscious patients in Group 1 that were measured with USG were compared with those
measured with CBT. Examination of this group for edema demonstrated that there was no significant difference
between the mean ONSD measurements with CBT (p = 0,163) and USG (p = 0,459) (Table 5).
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Table 5:- The ONSD values measured by USG and CBT of patients who were in an unconscious state (Group 1)

Female(n: 19) Male (n: 27) p

USG CBT USG CBT

Mean ONSD 58+1,1mm 5,7+0,7 mm 6,1 +1,1 mm 6,31 mm 0,459

Brain edema was identified in 9 male and 4 female patients out of 46. Four patients were diagnosed with
subarachnoid hemorrhage, 4 patients were diagnosed with midline shift, 2 patients were diagnosed with subdural
hemorrhage, mass was observed in 3 patients, 9 patients were diagnosed with brain edema, 19 patients were
diagnosed with acute infarction, 2 patients were diagnosed with parenchymal hemorrhage and 1 patient was
diagnosed with encephalitis.

Group 1 was studied separately for males and females. Edema was present in 9 of 27 male patients. There was no
significant difference between the mean ONSD measurements conducted with USG in patients with and without
edema (p = 0.322). No significant difference was found in the measurements with CBT based on the presence of
edema (p = 0,253). Measurement averages are presented in Table 6.

Table 6:- Comparison of mean ONSD measurements conducted with USG and CBT in unconscious male patients

With Edema (n:9) No Edema (n:18) p
USG 6,4 +0,8 mm 59+1,1mm 0,322
CBT 6,7 +£1,1 mm 6,1 £ 0,9 mm 0,253

Similarly, edema was determined in 4 of 19 female unconscious patients. There was no significant difference
between the mean ONSD measurements conducted with USG based on the presence of edema (p = 0.596). There
was no significant difference between the mean ONSD measurements conducted with BBT based on the presence of
edema (p = 0.411). Measurement averages are presented in Table 7.

Table 7:- Comparison of mean ONSD measurements conducted with USG and CBT in unconscious female patients.

With Edema (n:4) No Edema (n:15) p
USG 5,5+ 0,6 mm 59+12mm 0,596
CBT 5,8+ 0,4 mm 5,7+0,8 mm 0,411

Sensitivity and specificity values were investigated for 5 mm, 5.5 mm and 6 mm cut-off values to evaluate the
significant difference between groups of patients with and without cerebral edema with ONSD averages using CBT
images. Sensitivity was 88% and specificity was 33% with 5 mm cut-off value, sensitivity was 68%, specificity was
59% with 5.5 mm cut-off value of, and Sensitivity was 53%, specificity was 77% with 6 mm cut-off value (Table 8).

Table 8:- The comparison of the cut-off value measurements of patients with edema in CBT and normal CBT

Mean Bilateral With Edema (N: No Edema (N:66) sensitivity (%) specificity (%)
ONSD 41)
ONSD >5 mm 36 (33,6%) 44 (41,1%) 88% 33%
ONSD <5 mm 5 (4,7%) 22 (20,6%)
ONSD >5.5 mm 28 (26,2%) 27 (25,2 %) 68% 59%
ONSD <5,5 mm 13 (12,1%) 39 (36,4%)
ONSD >6 mm 22 (20,6%) 19 (17,8%) 53% 77%
ONSD <6 mm 15 (14,2%) 51 (47,7%)

Comparison of the averages when the cut-off value is taken as 5,5 mm, sensitivity was high in brain edema
diagnosis, while sensitivity decreased and specificity increased when cut-off value is taken as 6 mm.

Discussion:-

Brain edema induces post-ischemic edema in middle cerebral artery infarction, cerebral herniation and progressive
brain stem dysfunction and IICP (5). Patients with post-resuscitation GCS of 3-8 or abnormal CBT findings are
indicated for ICB follow-up (6). Brain edema is a common symptom in ischemic stroke and lesions that occupy
space such as tumors. Early diagnosis of IICP is critical for the timely and adequate treatment (7). Various
diagnostic methods are available for the detection of intracranial pathology in an unconscious patient. Although
CBT and MR are used for diagnostic purposes, these diagnostic tools have various challenges.
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ONSD enlargement can be used as an indirect indicator in the determination of IICP as a non-invasive method (8).
In an empirical study conducted with Yorkshire pigs, a linear correlation was determined between ONSD and
increased ICP (9).

The most important of these is the urgent need to provide adequate treatment for unstable severe patient in critical
condition as early as possible in the emergency clinic. It is both risky and time consuming for an unstable patient to
be taken to the CT or MR room for imaging where there is no facility for intervention. Furthermore, imaging
facilities are not available at all centers and the patient may need to be referred to the external center. In the present
study, the possibility of detecting brain edema in unconscious patients with ONSD measurements.

Previous studies reported that there is a linear correlation between ICP and ONSD enlargement (38). In the present
study, it was found that there was a significant difference between the patients with and without brain edema in
ONSD measurements conducted with CBT. The present study findings demonstrated that the effect of the cerebral
edema to enlarge ONSD was significant between the groups 3 and 4 in CBT measurements. There was a significant
difference between the measurements of ONSD conducted with USG and CBT when the Group 2 and Group 4
measurements were compared. Based on the findings of the present study, there was a scientifically significant
difference between the measurement of ONSD with CBT and USG. Thus, if the ONSD measurement would assist
the diagnosis of 1ICP, conducting measurements with only the bedside USG would not be sufficient and CBT
imaging would be inevitable despite its negative aspects such as the limited intervention facilities during imaging.

In a study involving 53 adult patients with known or suspected intracranial hypertension, IICP (> 20 mm Hg) was
determined in 19 patients, and ONSD was measured scientifically significantly higher in patients with 1ICP when
compared topatients with low ICP (6,2 + 0.6 mm). In the control group, it was found that the ONSD was 4.9 + 0.4
mm [10]. According to the findings of the study, there was a significant correlation between IICP and ONSD. In the
current study, for the comparison between different patient groups (Groups 2 and 4), ONSDs were measured with
USG and CBT images and a significant difference was determined between these groups. Although other studies
reported a correlation between USG and MR, there was a significant difference between the ONSD averages
measured with USG and CBT in the present study. The fact that it was not possible to give radiation to the healthy
volunteers in Group 2 without indication and the resulting lack of the comparison based on post-USG CBT images
differentiates the present study from others.

In a study conducted with 131 patients, 38 (29.0%) patients were confirmed to have IICP and 102 (77.9%) patients
were identified as IICP based on ONSD USG measurements when the upper value was accepted as 5 mm. Based on
the study results, it was found that the sensitivity of ONSD measurement with USG in identification of 1ICP was
similar to ophthalmoscopy (sensitivity: 100, specificity: 35,5), although its sensitivity was 100%, however its
specificity was low (23.7%). Measurements between 5 and 6 mm require clinical correlation. Kimberly et al.
determined the pathological ONSD threshold as > 5mm (sensitivity: 88%, specificity: 93%) [12] and Blaivas et al.
determined the pathological ONSD threshold as 5 mm (sensitivity: 100%, specificity: 95%) [13].

In the present study, the Group 3 and 4 ONSD averages were compared via BBT images. When the cut-off value as
taken as 5 mm, ONSD identified the cerebral edema in 36 of 41 patients with cerebral edema (sensitivity 87%) and
identified 22 of 66 patients without cerebral edema (specificity 33%). In studies where the cut-off value was taken as
5 mm, it was observed that the sensitivity of the ONSD measurement in determining the I1CP varied between 88%
and 100% [13, 14, 15]. Similarly, it was determined that the sensitivity was 87% in the current study.

Blaivas et al. evaluated ONSD with CBT, Kimberly et al. used invasive intracranial methods to determine ICP and
compared the enlargement in ONSD with USG measurement [13]. We did not use invasive methods in the present
study and compared the USG measurements with noninvasive CBT. Lack of comparison of CBT and USG
measurements with invasive methods is one of the limitations in the present study. Contrary to the abovementioned
studies, specificity was 33% in the present study, while Kimberly et al. determined the specificity as 93% and
Blavias et al. determined the specificity as 95%. As shown in Table 8, the sensitivity was generally high in similar
studies, however there were certain differences in specificity figures. In the present study, when the cut-off value
was taken as 5 mm, our findings were consistent with other studies in the literature and it was considered adequate
to use ONSD to determine IICP.
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In the present study, when the cut-off value was taken as 5.5 mm, ONSD identified brain edema (sensitivity 68%) in
28 of 41 patients with brain edema (sensitivity 68%) and identified 39 of 66 patients without brain edema
(specificity 59%). In another study, when the ONSD was greater than 5.5 mm, ICP was estimated as > 20 cm H,0
values were estimated with 100% sensitivity (95% CI, 100-100) and 100% specificity (95% CI, 100-100) [16].
Geeraerts et al. [17] reported a cut-off of 5.86 mm (sensitivity: 95%, specificity: 79%), Soldatos et al. [18] reported
a cut-off of > 5.7 mm (sensitivity: 74%, specificity: 100%). There are discrepancies between the findings of the
present study and the results of the abovementioned studies. However, there are differences among these studies as
well. Sensitivity was 74% after the comparison of USG measurements with intracranial catheter in the study by
Soldatos et al., while Geeraerts et al. compared USG and MR measurements and reported sensitivity as 95%. On the
contrary, specificity was 100% in the study by Soldatos et al., while Geeraerts et al. reported the same figure as 79%
in their study.

When the cut-off value was taken as 6 mm, ONSD measurement with USG identified 22 out of 41 participants with
cerebral edema (sensitivity, 53%). Forty-six of 66 patients without brain edema were correctly identified with the
same method (specificity 77%). When the cut-off value is taken as 5 mm, the sensitivity increased and when it is
taken as 6 mm, the specificity increased. In literature, different studies determined different cut-off values up to 6
mm, however the commonly accepted value was 5 mm (16). Our findings and our analyzes were similar to those of
the previous studies.

In the present study, CBT measurements were analyzed separately for three cut-off values (5 mm, 5.5 mm, and 6
mm). Significant differences were found when cut-off was taken as 5.5 mm and 6 mm for ONSD between those
with and without cerebral edema. A definite cut-off value is yet to be determined for the determination of IICP with
ONSD measurement, and clinical evaluation is still significant between 5 mm and 6 mm.

There was no difference between the edema and ONSD enlargement when the ONSDs measured with USG and
averages based on 5 mm, 5.5 mm and 6 mm cut-off values of 46 patients who were accepted in the emergency
service in unconscious state were compared. Similarly, there was no difference between the measurements
conducted using CBT images. Since the present study demonstrated differences between ONSD based on gender,
unconscious subjects (Group 1) were divided into male and female groups. There was no significant difference
between ONSD averages of male patients with both USG and CBT measurements based on edema. Similarly, There
was no significant difference between ONSD averages of unconscious female patients with both USG and CBT
measurements based on edema.

In the current study, consistent with other papers in the literature, it was found that ONSD in IICP demonstrated a
linear increase with the increasing pressure in patients with cerebral edema and midline shift. This enlargement was
also demonstrated in animal model studies and it was demonstrated that in patients with increased ICP, a reduction
in ONSD was observed due to the BOS drained after LP. Determination of cerebral edema by ONSD measurement
with USG could be beneficial for the patient to receive effective treatment.

Conclusion:-

The determination of the enlargement in the ONSD with USG, which is a fast, non-invasive, easy and effective
method due to the linear relationship between I1CP and ONSD, can be considered as a promising diagnostic method
that can be beneficial for the patient.

Ethics Approval:-

This retrospective single center case study was approved by the local ethics committee of the Abant 1zzet Baysal
University Hospital Bolu, Turkey, and followed the ethical guidelines of Declaration of Helsinki from 1975.
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