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Summary

Objective: Study on ultrasound measurement of optic nerve sheath diameter (ONSD) for
prognostication in acute intracerebral hemorrhage (ICH) patients. Subject and method: This descriptive,
longitudinal study was conducted on 60 patients with acute ICH admitted to the Stroke Department of
the 108 Military Central Hospital from October 2021 to August 2024. Result: 16/60 patients (26.67%) died
within one month post-onset. Non-survivors had a higher rate of diabetes mellitus, renal failure,
cirrhosis, and history of prior stroke compared to survivors. There were no statistically significant
differences between the two groups in terms of Glasgow Coma Scale scores, hemorrhage location,
Graeb score, Fisher score, hematoma volume, or midline shift degree. The study found that an increased
ONSD correlated with a higher mortality rate and when ONSD = 6mm, the mortality rate reached 40%.
Predictive factors for one-month mortality included red blood cell count < 4T/ (OR: 63.64, 95% Cl: 3.57 -
1132, p<0.05), ONSD = 6mm (OR: 30.63, 95% Cl: 2.26 - 415, p<0.05), and a history of diabetes mellitus
(OR: 12.74, 95% Cl: 1.26-128, p<0.05). Conclusion: Ultrasound measurement of ONSD is a convenient and
effective method for predicting one-month mortality outcomes in patients with acute ICH.
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outcomes in patients with traumatic brain injury> °.
Although ONSD can be measured, using ultrasound
or CT imaging now, its application in non-invasive

I. BACKGROUND

Intracerebral hemorrhage (ICH) accounts for

approximately 10-15% of all stroke cases and has
the highest mortality rate among stroke subtypes'.
Elevated intracranial pressure (ICP) is a dangerous
complication, contributing to early mortality’ and
the disability in ICH patients’. Early prediction of
mortality outcomes in patients with severe ICH who
exhibit increased ICP is clinically significant,
impacting treatment strategies. Previous studies
have demonstrated an increase in optic nerve
sheath diameter (ONSD) in cases of elevated ICP*
and this has been identified as a predictor of poor
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ICP monitoring has not been routinely adopted in
ICH patients in Vietnam due to limited research on
its prognostic value. Thus, this study was conducted
to evaluate the prognostic significance of ONSD
measurement by ultrasound in severe acute ICH
patients.

Il. SUBJECT AND METHOD
2.1. Subject
2.1.1. Inclusion criteria

Patients with ICH who met at least one of the
following criteria:

Glagsow score < 8.
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Glasgow score was 9-12 combined with an
image of severe ICH on CT including intraventricular
hemorrhage (Graeb score = 8), parenchymal
hemorrhage with a hematoma volume > 30ml, or
subarachnoid hemorrhage (Fisher 4).

Selection timeframe: within 10 days post-onset.

Patients who died within one month post-onset
were included in the mortality group.

Patients who survived one month post-onset
were included in the survival group.

2.1.2. Exclusion criteria

Patients or their legal representatives did not
consent to participate in the study.

Patients with orbital trauma or congenital eye
abnormalities that prevent orbital ultrasound.

Conditions that may affect the study results
such as brain tumors, chronic hydrocephalus.

Patients who died within one month post-onset
due to non-neurological causes.

2.2. Methods

Study design: Descriptive, longitudinal study.

Sample size: A convenient sample of 60 patients
who met the inclusion criteria and without excluded
criteria.

Study process

Patients were divided into two groups including
survivors and non-survivors within one-month post-
onset. The clinical and sub-clinical characteristics
were collected for comparison between the two
groups to evaluate prognostic factors.

General patients’ characteristics: Age, gender,
disease history, height, and weight.

Clinical factors: Systolic blood pressure, diastolic
blood pressure, Glasgow score at admission.

Sub-clinical factors: Red blood cell count, white
blood cell count, platelet count, blood glucose,
sodium, and potassium levels; imaging diagnostics
included brain CT scan and ultrasound
measurement of ONSD. All tests were performed at
the time of admission.

ONSD was measured using ultrasound by
trained physicians with a linear probe in B-mode at
an 8Hz frequency: Starting from the retinal margin,
measure perpendicularly along the optic nerve at a
distance of 3mm to mark the point for measuring
the ONSD. The measurement is taken transversely at
this marked point, perpendicular to the outer
margin of the optic nerve sheath, including the
entire hyperechoic outer layer of the sheath. The
measurement was repeated three times, and the
average of these three measurements is recorded as
the final ONSD value for documentation in the study

records.
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Figure 1. Ultrasound image of optic nerve sheath.
1: 3mm; 2: ONSD 5.5mm; 3: ONSD 3mm; 4: eyeball
diameter 22.9mm.

Assessment of patients’ outcomes: Patients
were divided into two groups including the non-
survival and survival group.

Patients were treated at the ICU according to
the 2015 American Stroke Association treatment
guidelines.

Study location and time

The study was conducted at 108 Military Central
Hospital, from October 2021 to August 2024.

Data collection, processing, and analysis

Patients meeting the inclusion criteria were
treated according to established protocols. The
collected data were recorded into a pre-designed
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questionnaire at the time of admission and follow-
up after one month.

Analysis was performed using SPSS 22.0
software. Categorical variables were presented as
absolute values (%), while continuous variables were
presented as mean + SD. Statistical significance
between groups was assessed using Pearson’s chi-
square (x2) test or Fisher’s exact test for categorical
variables, and Student’s t-test or Mann-Whitney U
test for continuous variables. Multivariate regression
analysis was performed to identify independent
predictors of poor outcomes at one-month mark,

including variables that showed a relationship with
poor outcomes in univariate analysis (p <0.1) or risk
factors reported in previous studies. A p-value < 0.05
was considered statistically significant for all tests.

2.3. Ethical consideration

The study was conducted with the agreement
of both the researchers and the participants. The
primary objective of the study was to protect and
improve the health of patients with no other
intentions.

I1l. RESULT
Table 1. Clinical characteristics of participants
Groups
Factors Total (n = 60) Survival (n =44) | Non-survival (n =16) P

Age 59.83 +11.07 60.45 + 10.85 58.13+11.85 p>0.05
Gender Male 39 (65) 26 (59.1) 13 (81.3)
n (%) Female 21 (35) 18 (40.9) 3(18.7) p>0.05
Height (cm) 162.35+5.79 161.68 + 6.95 164.19 £ 6.28 p>0.05
Weight (kg) 60.25 +9.04 59.3+9.44 62.88 +7.49 p>0.05

Hypertension 53(88.3) 40 (90.9) 13(81.3) p>0.05
Medical | Diabetes 11(18.3) 5(11.4) 6 (37.5) p<0.05
history | Renal failure 2(3.3) 0 (0) 2(12.5) p<0.05
n (%) Cirrhosis 3(5) 2 (4.5) 1(6.3) p>0.05

Previous stroke 5(8.3) 3(6.8) 2(12.5) p>0.05
Glasgow Coma Scale score 8.7+283 8.8 2281 8.44 £2.96 p>0.05
NIHSS score 25.8+10.42 2464 +10.41 29 +10.05 p>0.05
Systolic blood pressure, (mmHg) 147.57 £ 26.99 145.57 + 25.33 153.06 £ 31.34 p>0.05

The findings indicated that 16 out of 60 (26.67%) patients died within one month post-onset in which,
the proportion of male was higher than female (81.3% vs. 18.7%). In non-survival group, the Glasgow score
was lower and NIHSS was higher than those in the survival group, however the difference was not
statistically significant (p>0.05). There was a higher prevalence of diabetes and renal failure in the non-
survival group with statistical significance (p<0.05).

Table 2. Sub-clinical characteristics of patients

Groups
Factors Total (n =57) Survival (n =43) | Non-survival (n=14) P
RBC (T/1) <4,n (%) 9(15) 10(19.6) 6 (66.7) p<0.05
X+ SD 471 £0.81 493+£0.8 41+£047 p<0.05
WBC (G/L) 1493 +£5.72 14.99 +5.38 14.76 £ 6.75 p>0.05
PLT (G/I) 236.75+78.86 240.55+72.93 226.31+95.14 p>0.05
PT (%) 109.48 + 13.24 110.07 £11.24 107.88 + 18.07 p>0.05
Sodium (mmol/l) 133.28 £17.58 133.03 £19.78 133.94 +9.63 p>0.05




JOURNAL OF 108 - CLINICAL MEDICINE AND PHARMACY  Vol. 19 - Dec./2024 DOI: https://doi.org/10.52389/ydls.v19ita.2500

Groups
Factors Total (n =57) Survival (n =43) | Non-survival (n=14) P
Potassium (mmol/l) 3.45+0.45 34+043 3.59+0.49 p>0.05
ONSD >6,n (%) 25(41.7) 15 (34.1) 10 (62.5) p<0.05
(mm) X+ SD 5.84 + 043 581042 5.96 + 0.48 p>0.05
Hemorrhage | Parenchymal 40 (66.7) 29 (65.9) 11 (68.8) p>0.05
location Intraventricular 57 (95) 42 (95.5) 15 (93.8) p>0.05
n (%) Subarachnoid 19 (31.7) 14 (31.8) 5(31.3) p>0.05
Graeb score 7+295 72+244 6.57 +3.81 p>0.05
Fisher score 1.27 +1.87 1.27 +1.88 1.25+1.91 p>0.05
Hematoma volume 19.12 £ 28.17 15.11+£21.73 30.14 £ 39.89 p>0.05
Midline shift (mm) 344+54 3.11+£4.26 p>0.05

There was no statistically significant difference in white blood cell and platelet count, serum sodium and
potassium levels between the two groups. The red blood cell count at admission was lower in the non-
survival group compared to the survival group with a statistical significance (p<0.05). The mean ONSD in the
non-survival group was higher than in the survival group (5.96mm vs. 5.8mm), with a greater proportion of
patients having ONSD = 6 in the mortality group compared to the survival group (62.7% vs. 34.1%) (p<0.05).

Table 3. Treatment methods

Groups
Total : :
Methods (n=57) Survival (n = Non-survival (n = P
43) 14)

External ventricular drainage 52 (86.7%) 40 (90.9%) 12 (75%)
Craniotomy with hematoma evacuation 1(1.7%) 1(2.3%) 0 (0%)
Hematoma drainage 4 (6.7%) 2 (4.5%) 2 (12.5%) p>0.05
External venjcricular drainage and 2 (3.3%) 1(2.3%) 1 (6.3%)
Hematoma drainage
Time of surgery from onset (day) (X SD) 29.91 £ 30.78 25.88+31.6 p>0.05

All patients in the study underwent surgical procedures to reduce the ICP, in which 86.7% of patients
underwent external ventricular drainage. There was no statistically significant difference in time of surgery
from onset between the two groups.
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Chart 1. Percentage of treatment outcomes classified by ONSD
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The larger ONSD was, the higher mortality rate was. Patients with ONSD > 6mm had a mortality rate

of 40%.
Table 4. Multivariate logistic regression analysis of one-month mortality outcomes
in patients with severe acute ICH
OR B 95% ClI p value
RBC <4T/L 63.64 415 3.57-1132 0.005
ONSD > 6 mm 30.63 3.42 2.26-415 0.01
Diabetes 12.74 2.54 1.26-128 0.03
Renal failure 518 22.36 0.99

History of diabetes mellitus, renal failure, ONSD
> 6mm, and RBC < 4T/L at admission were identified
as predictive factors for increased risk of mortality
after one month, based on univariate analysis (Table
1, 2, 3). In multivariate regression analysis, ONSD >
6mm, RBC < 4T/L, and history of diabetes mellitus
were independent prognostic factors for increased
risk of mortality after one month in patients with
severe ICH stroke (Table 4).

IV. DISCUSSION

This study aimed to evaluate the role of ONSD in
predicting mortality in patients with severe ICH. The
findings demonstrated that ONSD measured by
ultrasound was a valuable prognostic factor for
predicting mortality when combined with other
predictive factors.

The study included 60 patients with ICH who
underwent surgical intervention due to the risk of
increased ICP, among whom 16 patients (26.67%)
died within one month post-onset. Prognostic
factors in ICH patients were evaluated, focusing on
age, gender, medical and clinical history, location of
hemorrhage, hematoma volume, and the presence
of intraventricular hemorrhage (IVH)'. In this study,
no statistically significant differences were observed
between the two groups (survivors vs. non-
survivors) in general characteristics, including age,
height, weight, Glasgow score, NIHSS score, and
systolic blood pressure at admission. Hypertension
was the most common comorbidity, present in
88.3% of cases. However, non-survivors had higher
rates of diabetes mellitus, renal failure, cirrhosis, and
history of stroke compared to survivors. Notably,

patients with diabetes mellitus had a mortality rate
over three times higher than that of survivors, and
both patients with a history of renal failure died.
These differences were statistically significant, with
p<0.05. Several studies worldwide have also shown
a relationship between diabetes mellitus and stroke.
A meta-analysis of 102 prospective studies involving
698.782 cases found that diabetes was a risk factor
for ICH stroke, with a relative risk of 1.6%
Furthermore, research by Demchuk AM’ identified
elevated plasma glucose levels at admission as an
independent predictor of mortality after ICH.

Following the results in Table 2, the RBC in the
mortality group was lower than in the survival
group, with a statistically significant difference
(p<0.05). Previous studies have also noted that
anemia or low RBC levels were associated with poor
outcomes in patients with non-traumatic ICH,
potentially due to reduced oxygen delivery to brain
parenchyma'. In our study, no statistically
significant differences were observed between the
two groups regarding hemorrhage location, Graeb
score, Fisher score, hematoma volume, and midline
shift. As shown in Table 3, all patients underwent
surgical intervention, with 52 out of 60 cases (86.7%)
undergoing external ventricular drainage. There
were no statistically significant differences were
found between the mortality and survival groups
regarding surgical methods and the timing of
surgery after onset.

The mean ONSD measured by ultrasound in the
non-survival group was higher than in the survival
group. This finding aligned with previous studies
where ONSD were regarded as an indirect indicator
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of the ICP". When the ICP increases, cerebrospinal
fluid is displaced from the ventricles and cortical
sulci into the space between the optic nerve and its
sheath, leading to an increase in ONSD".
Furthermore, elevated ICP is a severe complication
that can rapidly lead to mortality in patients with
ICH. Chart 1 demonstrated that as ONSD increased,
the mortality rate also rose, with a mortality rate of
40% observed in patients with ONSD = 6mm.
Among patients with ONSD < 5.5mm, 9.1% (5/57
cases) still experienced death. This could be
explained by the fact that at the time of admission,
the ICP may not have increased, resulting in no
observable changes in ONSD. However, the
progressive cerebral edema could develop,
potentially leading to mortality in the following
days. Therefore, in patients with severe ICH
admitted early, even when ONSD measured by
ultrasound remains within the normal range (<
5.5mm), close clinical monitoring is essential, and
repeat ONSD measurements should be performed if
clinical deterioration occurs. In the multivariate
regression analysis (Table 4), RBC < 4T/l (OR: 63.64,
95% Cl: 3.57-1132, p<0.05), ONSD = 6mm (OR: 30.63,
95%Cl: 2.26-415, p<0.05), and a history of diabetes
mellitus (OR: 12.74, 95% Cl: 1.26-128, p<0.05) were
identified as prognostic factors for one-month
mortality in patients with severe ICH. In addition to
anemia and a history of diabetes, which have
already been established as prognostic factors for
mortality in patients with ICH in previous studies® ',
our study showed ONSD as a significant predictor of
outcomes in these patients. This finding is
consistent with the study by Haoli Xu et al. ", which
demonstrated that ONSD measured by computed
tomography at the time of admission was a
prognostic factor for outcomes at discharge in ICH
patients. Similarly, Javadet al (2019) reported a
direct association between increased ONSD and
one-month mortality in patients with acute stroke .
Henda et al (2015) studied 86 stroke patients and
found a significant difference in ONSD between
survivors and non-survivors. They reported that for
every 0.1cm increase in ONSD, the mortality risk

increased by 4.2 and 6.2 times in ischemic and
hemorrhage stroke, respectively'.

Although our study comprehensively evaluated
most variables related to the prognosis of stroke,
further similar studies were necessary to identify a
more precise correlation between ONSD and the
prognosis of ICH patients.

V. CONCLUSION

Through the study of 60 patients with acute
ICH, there were 16 out of 60 patients died within
one month post-onset (26.67%). Non-survivors had
higher rates of comorbidities, including diabetes
mellitus, renal failure, over cirrhosis, and a history of
stroke, compared to survivors. No statistically
significant differences were observed between the
two groups regarding Glasgow score, hemorrhage
location, Graeb score, Fisher score, hematoma
volume, or midline shift. Higher ONSD values at
admission were associated with higher mortality
rates, with a mortality rate of 40% observed in
patients with ONSD > 6. RBC < 4T/l (OR: 63.64, 95%
Cl: 3.57-1132, p<0.05), ONSD = 6mm (OR: 30.63, 95%
Cl: 2.26-415, p<0.05), and a history of diabetes
mellitus (OR: 12.74, 95% Cl: 1.26-128, p<0.05) were
identified as prognostic factors for one-month
mortality in patients with ICH. Ultrasound
measurement of ONSD was a convenient bedside
method that can predict one-month mortality in
patients with severe acute ICH.
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