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Association between Optic Nerve Sheath Diameter/Eyeball
Transverse Diameter Ratio and Neurological Outcomes in
Patients with Aneurysmal Subarachnoid Hemorrhage

Jinsung Kim, Hyungoo Shin, Heekyung Lee

Department of Emergency Medicine, Hanyang University College of Medicine, Seoul, Korea

Objective : The optic nerve sheath diameter (ONSD)/eyeball transverse diameter (ETD) ratio is a more reliable marker of intracranial
pressure than the ONSD alone. We aimed to investigate the predictive value of the ONSD/ETD ratio (OER) for neurological outcomes
in patients with aneurysmal subarachnoid hemorrhage (@SAH).

Methods : Adult patients with aSAH who visited the emergency department of a tertiary hospital connected to a South Korean
university between January 2015 and December 2021 were included. Data on patient characteristics and brain computed
tomography scan findings, including the ONSD and ETD, were collected using a predefined protocol. According to the neurological
outcome at hospital discharge, the patients were divided into the unfavorable neurological outcome (UNO; cerebral performance
category [CPC] score 3-5) and the favorable neurological outcome (FNO; CPC score 1-2) groups. The primary outcome was the
association between the OER and neurological outcomes in patients with aSAH.

Results : A total of 171 patients were included in the study, of whom 118 patients (69%) had UNO. Neither the ONSD (p=0.075) nor
ETD (p=0.403) showed significant differences between the two groups. However, the OER was significantly higher in the UNO group
in the univariate analysis (p=0.045). The area under the receiver operating characteristic curve of the OER for predicting UNO was
0.603 (p=0.031). There was no independent relationship between the OER and UNO in the multivariate logistic regression analysis
(adjusted odds ratio, 0.010; p=0.576).

Conclusion : The OER was significantly higher in patients with UNO than in those with FNO, and the OER was more reliable than
the ONSD alone. However, the OER had limited utility in predicting UNO in patients with aSAH.
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INTRODUCTION ment are important for improving the prognosis of patients
with SAH. Early prediction of the prognosis of patients with

Subarachnoid hemorrhage (SAH) is an emergent cerebro- SAH is also important when focusing on the limited medical
vascular disease and a devastating condition with high mor- resources available. The level of consciousness upon hospital
bidity and mortality rates”. Early diagnosis and rapid treat- admission is the most valuable early predictor of patient out-
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comes™”.

The optic nerve sheath diameter (ONSD) can be estimated
noninvasively using neuroimaging, and a positive correlation
between increased intracerebral pressure (ICP) and the ONSD

7,18 .
"® Non-contrast brain

has been reported in previous studies
computed tomography (CT) is performed when patients with
suspected SAH are admitted to the emergency department
(ED), and the ONSD can be easily measured using brain CT.
Thus, previous neuroimaging studies have shown an associa-
tion between the prognosis of patients with SAH and ONSD”.
However, there are inconsistent results regarding the value of
the ONSD in patient outcomes in previous studies'**".

A recent meta-analysis showed a limitation in using the
ONSD alone in post-cardiac arrest patients”. The authors
found that ONSD alone may be affected by patient character-
istics and that using the ONSD/eyeball transverse diameter
(ETD) ratio (OER) was more reliable. We hypothesized that
the OER is more reliable than the ONSD for the prognosis of
patients with SAH. Thus, we investigated the association be-
tween the prognosis of patients with aneurysmal SAH (aSAH)

and OER using initial brain CT in the ED.

MATERIALS AND METHODS

Study design

This study was approved by the Institutional Review Board
of Hanyang University Guri Hospital (GURI 2022-11-018).
The requirement for informed consent was waived owing to
the retrospective nature of the study. This retrospective obser-
vational cohort study included adult patients with aSAH who
presented to a single medical center between January 2015 and
December 2021.

Participants

This study included adult patients with aSAH who visited
the ED and underwent brain CT to rule out acute stroke. All
patients underwent aneurysmal repair, including surgery, clip-
ping, or endovascular coiling. The following were the exclu-
sion criteria : 1) age <18 years; 2) incomplete medical records;
3) previous intracranial lesions, such as those due to cerebral
hemorrhage, those due to infarction, or brain tumor; 4) prior
basic cerebral performance category (CPC) score of >1; 5) an-

eurysm that was not detected on brain CT; 6) trauma; 7) ocu-
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lar problems that could influence the ONSD or ETD; 8) trans-
ferred from or to other hospitals; and 9) hopeless or terminally

ill patients.

Data sources and variables

Data on the following patient characteristics were collected
from the electronic health records : age, sex, height, weight, co-
morbidities, initial Glasgow coma scale (GCS) score, grade on
the Hunt and Hess scale, grade on the modified World Federa-
tion of Neurological Surgeons (WFNS) scale, and time interval
from ED admission to brain CT imaging and aneurysmal
repair. We also determined the Fisher scale score, location of
the aneurysm and presence of hydrocephalus, intraventricular
hemorrhage (IVH), and findings of scan performed after aneu-
rysmal repair using brain CT.

The included patients were classified into two groups ac-
cording to the neurological outcomes at hospital discharge,
and the CPC score was used as a neurological outcome at hos-
pital discharge. Favorable and unfavorable neurological out-
comes (FNOs and UNOs, respectively) were defined as CPC
scores of 1-2 and 3-5, respectively. The OER on brain CT was
measured and analyzed using between-group analysis. The
primary outcome was the relationship between the OER and

neurological outcomes in patients with aSAH.

OER measurements

Brain CT scans were obtained parallel to the orbital floor
from the base of the skull to the vertex using 4-mm non-con-
trast continuous slices, according to standard methods. The
ONSD and ETD were defined as the distances between the
outer margins of the thick sheath layers surrounding the optic
nerve and globe, respectively. The ONSDs were measured 3
mm behind the globe on both sides, and an axial scan with
the maximum ETD of each eye was chosen. The ONSDs and
ETDs of both eyes were averaged to obtain the mean values,
and the OER was calculated. All measurements, including
neurological outcomes, were blinded to the patient’s clinical
information.

The images were enlarged by 450% using the PACS tool,
and the window width and window level were moved 440 and
45 times, respectively. The mean ONSDs and ETDs were ob-
tained for the right and left eyes. In addition, the OER was
calculated. SOMATOM Definition Edge, SOMATOM Defi-
nition DS, and SOMATOM Sensation 16 CT scanners were
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used (Siemens Healthcare, Erlangen, Germany). The following
parameters were set : 120 kVp, 250-500 mAs, and slice thick-
ness 4—4.5 mm. All CT scans were stored in the PACS in the

Digital Imaging and Communications in Medicine format.

Study size

The sample size was estimated based on a pilot study of 30
patients. Patients with FNO and UNO had OERs of 0.202+
0.035 and 0.215%0.032, respectively. The required sample size
was 166 individuals (a-error, 0.05; power, 0.8; effect size,
0.388), and 183 participants were required in consideration of

a 10% drop rate.

Statistical methods

Continuous and categorical variables were reported as
numbers with percentages and as medians with interquartile
ranges, respectively. Student’s t-test or Wilcoxon rank-sum
test was used in analyzing continuous variables. The chi-
square test or Fisher’s exact test was used to compare categori-
cal variables between the two groups. Differences with a p-
value of <0.05 were considered statistically significant. The
odds ratio of each covariant for UNO was determined using

multivariate analysis with logistic regression, adjusting for

confounding variables that were significant in the univariate
analysis. Variables with p<0.1 in the univariate analysis with
the OER were included in the multivariate analysis. The Hos-
mer-Lemeshow test was used to validate the calibrations of
the logistic model. The area under the receiver operating char-
acteristic (ROC) curve (AUC) was used to evaluate the prog-
nostic usefulness of OER for predicting neurological progno-
sis, with a sensitivity of >1 indicating specificity. G*Power
(3.1.9.6; Heinrich Heine University, Dusseldorf, Germany) was
used for the study size calculation, and SPSS software (version
25.0; IBM, Armonk, NY, USA) was used for other statistical

analyses.

RESULTS

Participants

Among the 828 patients with SAH enrolled in this study, 657
patients were excluded. Finally, 171 patients were included in
the FNO (n=118, 69.0%) and UNO (n=53, 31.0%) groups (Fig.
1). The baseline patient characteristics are summarized in Ta-
ble 1. The mean age of the included patients was 54.1+12.1

years, and 34.9% were male. Patients in the UNO group were

Adult patients with SAH
(n=828)

Exclusions :
Incomplete medical records (n=11)
Previous intracranial lesions (n=69)
Prior basic GPC score <1 (n=2)
Non-aneurysmal SAH (n=188)
Trauma (n=80)
Ocular problems (n=13)
Transferred from or to other hospitals (n=220)
Hopeless or terminally ill patients (n=74)

(n=171)

Enrolled patients with aSAH

Favorable neurologic outcome
(n=118)

Unfavorable neurologic outcome

(n=53)

Fig. 1. Patient selection. SAH : subarachnoid hemorrhage, CPC : cerebral performance category, aSAH : aneurysmal subarachnoid hemorrhage.
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much older than those in the FNO group, and the UNO group
demonstrated a significantly higher incidence of diabetes mel-
litus. The UNO group had a lower GCS score and poorer
grades on the Hunt and Hess and modified WENS scales than
the FNO group. The UNO group had a poorer Fisher scale
score than the FNO group, as well as an increased incidence of
hydrocephalus on brain CT and cerebral edema after aneurys-
mal repair (Table 2). There was no statistically significant dif-
ference in the location of the aneurysm between the two

groups.

Table 1. Patient characteristics
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Prognostic impact of the OER for predicting UNO
in patients with aSAH

There were no significant differences in the ONSDs be-
tween the UNO and FNO groups (p=0.075; Table 3). More-
over, there was no significant difference in the ETDs across
the groups (p=0.403). However, the OER was significantly
higher in the UNO group than in the FNO group (0.213 vs.
0.205, p=0.045). The multivariate logistic regression analysis
for UNO with baseline variables and the OER are summa-
rized in Table 3. Age, initial GCS score, and presence of [IVH
were independently associated with UNO. However, there was

no independent association between the OER and UNO in

Total (n=171) FNO (n=118) UNO (n=53) p-value

Age (years) 5414121 52.3+109 58.0+13.8 0.004
Male 60 (34.9) 36 (30.5) 24 (453) 0.061
Height (cm) 162.5+8.63 162.5+8.10 162.6+9.81 0918
Weight (kg) 62.3+11.2 6224114 62.5+11.0 0.863
BMI (kg/mz) 23.5+£3.06 2344298 23.6+£3.25 0.768
Comorbidities

HTN 51(29.7) 34 (28.8) 17 (32.1) 0.666

DM 12 (7.0) 4(34) 8 (15.1) 0.006

ACS 1(0.6) 0(0.0) 109 0.135

LC 1(0.6) 0(0.0) 1(19) 0135

CKD 0(0.0) 0(0.0) 0(0.0) -

Malignancy 8(4.7) 6(5.1) 2(3.8) 0.707
GCS 12.50+3.88 13.75+2.57 9.72+4.79 <0.001
Hunt and Hess scale <0.001

1 60 (34.9) 49 (41.5) 11 (20.8)

2 40(233) 34 (28.8) 6 (11.3)

3 30 (174) 20 (16.9) 10(18.9)

4 34 (19.8) 15(12.7) 19 (35.8)

5 7 41) 0(0.0) 7(13.2)
Modified WFNS scale <0.001

1 99 (579) 83 (70.3) 16 (30.2)

2 16 (9.4) 12 (10.2) 4(75)

3 8(4.7) 54.2) 3(5.7)

4 28(16.3) 16 (13.6) 12 (22.6)

5 20 (11.7) 2(17) 18 (34.0)
Adm to CT time 2494240 29.0+26.3 15.7£14.1 <0.001
Adm to OP time 2674+260.7 274.8+258.6 250.84267.1 0.808
In-hospital mortality 17(0.1) 0(0.0) 17 (32.1) <0.001

Values are presented as mean+standard deviation or number (%). FNO : favorable neurologic outcome, UNO : unfavorable neurologic outcome, BMI
body mass index, HTN : hypertension, DM : diabetes mellitus, ACS : acute coronary syndrome, LC : liver cirrhosis, CKD : chronic kidney disease, GCS :
glasgow coma scale, WFNS : World Federation of Neurological Surgeons, CT : computed tomography, OP : operation
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Table 2. Computed tomography scan findings of included patients

Total (n=171) FNO (n=118) UNO (n=53) p-value

Fisher scale <0.001

1 529 5(4.2) 0(0.0)

2 12(7.0) 10 (8.5) 2(3.8)

3 58(33.9) 49 (41.5) 9(17.0)

4 96 (56.1) 54 (45.8) 42 (79.2)
Location of aneurysm 0.078

Anterior cerebral artery 12 (7.0) 10 (8.5) 2(3.8)

Anterior communicating artery 51 (29.7) 37 (31.4) 14 (26.4)

Basilar artery 5(29) 4(34) 1019

Choroidal artery 3(1.7) 1(0.8) 2(3.8)

Middle cerebral artery 47 (27.3) 28(237) 19 (35.8)

Internal carotid artery 10 (5.8) 4(34) 6(11.3)

Posterior cerebral artery 1(0.6) 0(0.0) 1019

Posterior communicating artery 39 (22.7) 32 (27.) 7(13.2)

Posterior inferior cerebellar artery 2(1.2) 1(0.8) 1(1.9)

Vertebral artery 1(0.6) 1(0.8) 0(0.0)
Hydrocephalus 67 (39.2) 36 (30.5) 31(58.5) 0.001
Intraventricular hemorrhage 87 (50.9) 46 (39.0) 41 (774) <0.001
ONSD (mm) 4.78+0.54 4.73+0.57 4.89+0.46 0.075
ETD (mm) 23.12+1.06 23.16+1.05 23.01£1.07 0403
ONSD/ETD ratio 0.207+0.025 0.205+0.026 0.213+0.022 0.045
Post-CT* 148 107 41

Cerebral edema 56 (37.8) 31 (26.3) 25 (61.0) 0.007

Cerebral infarction 34(23.0) 19 (17.7) 15 (36.6) 0.065

Cerebral ischemia 38(25.7) 29 (27.1) 9(22.0) 0.269

Vasospasm 22 (14.9) 14 (13.1) 8(19.5) 0.560

Values are presented as mean+standard deviation or number (%). *Post-CT means computed tomography scan findings performed after aneurysmal
repair. FNO : favorable neurologic outcome, UNO : unfavorable neurologic outcome, ONSD : optic nerve sheath diameter, ETD : eyeball transverse diameter,
CT: computed tomography

Table 3. Multivariate logistic regression analysis for unfavorable neurological outcomes with baseline variables and optic nerve sheath diameter/
eyeball transverse diameter ratio in subarachnoid hemorrhage patients

Variable Adjusted OR (95% Cl) p-value
Age 1.043 (1.007-1.081) 0.019
Male 2142 (0.903-5.078) 0.084
GCS 0.805 (0.724-0.894) <0.001
Hunt and Hess scale 0.980 (0.535-1.796) 0.948
Modified WENS scale 1.039 (O 448-2.405) 0930
Location of aneurysm 0.884 (0.711-1.099) 0.268
Fisher scale 1.249 (O 500-3.117) 0.634
Hydrocephalus 1.542 (0.618-3.847) 0.353
Intraventricular hemorrhage 2.773 (1.169-6.576) 0.021
ONSD 0.288 (0.031-2.683) 0.274
ONSD/ETD ratio 0(0-99762.032) 0.576

OR: odds ratio, Cl : confidence interval, GCS : Glasgow coma scale, WENS : world federation of neurosurgical surgeons, ONSD : optic nerve sheath diameter,
ETD : eyeball transverse diameter
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Fig. 2. Receiver operator curve for predicting unfavorable neurological
outcome using ONSD/ETD ratio (OER). AUC was 0.603 (95% confidence
interval, 0.515-0.691; p=0.031). ONSD : optic nerve sheath diameter, ETD :
eyeball transverse diameter, AUC : area under the receiver operating
characteristics curve.

the multivariate analysis (p=0.576). In the ROC curve for the
ONSD alone and OER, the AUC for predicting UNO was
0.597 (95% confidence interval [CI], 0.509-0.685; p=0.042)
and 0.603 (95% CI, 0.515-0.691; p=0.031), respectively (Fig. 2).

DISCUSSION

In this study, the OER was significantly associated with
neurological outcomes in patients with aSAH. However, after
adjusting for confounders, there was no independent associa-
tion between the OER and neurological outcomes. In addi-
tion, the OER had poor prognostic accuracy for predicting
UNO in patients with aSAH.

Compared with aSAH, non-aSAH typically has a much
more benign course and better neurological outcomes"'”. To
reduce heterogeneity in the study population, we tried to ex-
clusively include participants with aSAH. Patients with poor-
grade SAH have high mortality rates and unfavorable neuro-

. 22,
logical outcomes™

. The high mortality and morbidity rates
following aSAH are thought to be associated with delayed ce-
rebral ischemia (DCI)"”. Early brain damage may contribute

to the development of DCI and UNO following aSAH, and
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both associated with severe increased ICP". ICP increases
sharply when blood suddenly leaks into the subarachnoid
space and causes decreased cerebral perfusion pressure and
cerebral ischemia. Particularly, in patients with poor-grade
SAH, increased ICP is common in the early hours after
aSAH"™".

Despite conflicting results regarding the association be-
tween ICP and outcomes in patients with aSAH, early ICP
monitoring and management in patients with poor-grade
aSAH may reduce mortality and unfavorable outcomes”. In-
traventricular catheters and parenchymal probes are the mon-
itoring devices most frequently used”. However, these invasive
tools are not easily assessed in the ED and risk causing com-
plications, such as bleeding, infection, and mechanical fail-
ure”. Although a physical examination is rapid and noninva-
sive, it has limited value for monitoring increased ICP. Thus,
ED clinicians require a rapid technique to detect increased
ICP.

Brain CT is performed in the ED to rule out acute stroke in
patients with neurological impairment. The ONSD can be
easily determined using imaging studies, such as those using
brain CT. The optic nerve is encased in the optic nerve sheath
that connects directly to the subarachnoid space and is filled
with cerebrospinal fluid (CSF). Expansion of the optic nerve
sheath by increased CSF causes dilatation of the ONSD; thus,
the ONSD reflects the increased ICP****". Previous studies
have reported a positive association between increased ICP
and the ONSD"". The ONSD measured using brain CT dem-
onstrated a linear correlation with ICP acquired via invasive
monitoring'”. However, patient characteristics, such as age,
sex, height, weight, and head circumference, could impact the
ONSD. Kim et al.” showed a correlation between male sex,
high body mass index (BMI), and ONSD dilatation in healthy
Asian adults using ultrasonography (US).

The OER could be used to adjust for individual characteris-
tics that might influence the ONSD. In the multivariate analy-
sis, only the ETD was independently related to the ONSD. In
contrast, the OER was unrelated to age, sex, or BMI". A ret-
rospective study showed that the OER was a more reliable pre-
dictor of comatose status in patients with supratentorial le-
sions than the ONSD™. Cho et al.” found that the OER was
more reliable than the ONSD in predicting neurological out-
comes in out-of-hospital cardiac arrest survivors.

The characteristics of the modality used for ONSD mea-
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surement are an important point of contention. A recent me-
ta-analysis reported that ONSD assessment using optic US
was more reliable than using brain CT'". Given that the optic
nerve sheath is not observed parallel to the brain CT scan, it
appears obliquely rather than horizontally in the image. An
accurate image of the ONSD can be produced with ocular US
as opposed to brain CT because the ONSD can be estimated
with an image perpendicular to the optic sheath. Additionally,
clinicians can perform bedside US in an emergency setting,
and sonographic training may enable rapid skill acquisi-
tion”"”. ICP monitoring can be performed using portable US.
A portable ultrasound machine can be easily and noninva-
sively used to monitor ICP in patients with aSAH.

This study had some limitations. First, it was based on a ret-
rospective review of medical records, which may have insuffi-
cient statistical power. Despite our efforts to collect many fea-
sible variables, there may be unknown confounding factors,
such as the time interval from symptom onset to admission to
the ED, that could affect neurological outcomes in patients.
Thus, well-designed, large-scale prospective research is needed
to confirm our findings. Second, the participants in this study
showed relatively more FNOs than generally known poor out-
comes. Quite a few patients with poor grades were transferred
to another hospital because the patient’s guardians gave up
aggressive treatment, such as emergency surgery or interven-
tion. A selection bias may have weakened the power of the re-
sults. Third, the exclusion of DCI as a confounding factor for
aSAH outcomes is a significant limitation of this study. The
diagnosis of DCI requires the occurrence of focal neurologic
impairment or a decrease of at least 2 points on the GCS that
lasts for at least 1 hour. However, DCI may not be clinically
discernable in patients with already poor grade or secondary
worsening neurologic status including infection, seizures, re-
spiratory failure, or electrolyte disturbances. Data on the neu-
rological changes of patients were not sufficiently collected
owing to retrospective nature of this study. Thus, we tried to
analyze the relationship between OER and the CT scan find-
ings after aneurysmal repair. Fourth, the guidelines recom-
mend identifying neurological outcomes 3 months after dis-
charge”. However, we only assessed the neurological outcomes
at hospital discharge and did not assess the long-term out-

comes.
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CONCLUSION

The OER is significantly higher in patients with UNO than
in those with FNO and is more reliable than the ONSD alone
for predicting neurological outcomes in patients with aSAH.
However, the OER alone has limited utility in predicting
UNO in these patients.
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