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The Ultrasound Examination of the Optic Nerve Sheath
Diameter in the Patients Presenting with Carbon
Monoxide Poisoning: A pilot study

Karbonmonoksit Zehirlenmesi ile Basvuran Hastalarda Optik Sinir Kilif Gapinin Ultrasonografi

ile Incelenmesi: Pilot Calisma
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ABSTRACT

Aim: In carbon monoxide poisoning, hypoxia results in neuronal
damage and death of brain cells. It is considered that cerebral
edema occurs consequently, with an associated increase in in-
tracranial pressure. The present study evaluates the presence of
increased intracranial pressure using the measurement of optic
nerve sheath diameter by ultrasonography in patients presenting
with carbon monoxide poisoning.

Material and Method: Twenty-eight patients diagnosed with
carbon monoxide poisoning after presenting to the emergency
department underwent the bilateral measurement of optic nerve
sheath diameter by ultrasonography. In addition, the patient’s de-
mographic data, laboratory results, stage of the poisoning, and
optic nerve sheath diameters were recorded.

Results: The median optic nerve sheath diameter on the right and
left sides was greater than 5 mm. The optic nerve sheath diameter
of the right and the left eye was significantly higher in patients with
severe carbon monoxide poisoning than in those with moderate
and mild poisoning.

Conclusion: The optic nerve sheath diameter measurement can
be used to evaluate increased intracranial pressure in patients with
carbon monoxide poisoning.
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0ZET

Amac: Karbon monoksit zehirlenmesinde hipoksi néronal hasara
ve beyin hlicrelerinin éliimiine neden olur. Sonug olarak, kafa ici
basincinda iliskili bir artisla birlikte beyin 6deminin meydana geldigi
dasunilmektedir. Bu c¢alismada karbonmonoksit zehirlenmesi ile
basvuran hastalarda ultrasonografi ile optik sinir kilif ¢api élctimd
kullanilarak kafa ici basing artisinin varligi degerlendirilmistir.

Materyal ve Metot: Acil servise basvurduktan sonra karbon mo-
noksit zehirlenmesi tanisi alan 28 hastaya ultrasonografi ile bilateral
optik sinir kilif capi élcimd yapildil. Hastalarin demografik verileri,
laboratuvar sonuclari, zehirlenme evresi ve optik sinir kilif caplari
kaydedildi.

Bulgular: Sagda ve solda median optik sinir kilif capi 5 mm’den
blylkti. Sag ve sol gézde optik sinir kilif caplan siddetli karbon
monoksit zehirlenmesi olan hastalarda orta ve hafif zehirlenmesi
olanlara gére anlamli olarak daha yliksekti.

Sonuc: Karbonmonoksit zehirlenmesi olan hastalarda optik sinir
kilif capi 6lctiimu kafa ici basing artisinin varligini degerlendirmede
kullanilabilir.

Anahtar Kelimeler: karbon monoksit zehirlenmesi; kafa i¢i basing artisi;
ultrasonografi; optik sinir kilif ¢api

Introduction

Carbon Monoxide is an odorless and colorless gas.
Carbon Monoxide poisoning results in hypoxia, cellu-
lar death, and death'. The symptoms are associated with
the brain and heart, which are most sensitive to hypox-
ia. The patients may present to the emergency depart-
ment with headache, weakness, chest pain, shortness of
breath, seizures, and consciousness impairment®.

The increase in intracranial pressure can be caused
by various mechanisms such as venous obstruction,
increased blood and brain volumes, mass effect, and
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cerebral edema. Intracranial pressure increases in many
conditions, such as hydrocephalus, traumatic brain in-
jury, intracerebral and subarachnoid hemorrhage, and
ischemic stroke. The symptoms include headache, nau-
sea, vomiting, consciousness impairment, and Cushing
reflex’.

In carbon monoxide poisoning, hypoxia has been re-
ported to be the most critical mechanism for brain
damage. In addition, animal studies have reported that
increased cerebral blood flow leads to the loss of con-
sciousness®. The brain areas often involved in carbon
monoxide poisoning are basal ganglia (globus palli-
dus), hippocampus, white matter, cortex, cerebellum,
corpus callosum, and hypoxia resulting in neuronal
damage and death’. The authors consider that cerebral
edema occurs consequently, with an associated in-
crease in intracranial pressure. The increase in intracra-
nial pressure can be measured by various interventional
methods. However, in recent years, ultrasonography’s
optic nerve sheath diameter measurement has become
a non-invasive method to determine increased intra-
cranial pressure®®. The present study aims to evaluate
the presence of increased intracranial pressure using
the measurement of optic nerve sheath diameter by
ultrasonography in patients presenting with carbon
monoxide poisoning.

Material and Method

The present study was carried out in a tertiary emer-
gency department with an average annual visit num-
ber of 360.000. The study was conducted after ethics
committee approval had been granted. Patients started
after the ethics committee’s approval and the study
ended when the number of patients in the sample size
is completed. After receiving 1-hour theoretical and
applied training with a certificate on ultrasonograph-
ic measurement of optic nerve sheath diameter, pilot
measurements were made on both eyes of 10 patients,
including five positive patients (with increased optic
nerve sheath diameter due to pathologies such as in-
tracranial hemorrhage, ischemic cerebrovascular ac-
cident) and five negative patients. The measurements
were only made by the emergency medicine specialist
involved in the study. The study included the patients
aged 18 years and older with a blood carbon monoxide
level of higher than 10% and a time interval of no more
than one hour after being diagnosed with carbon mon-
oxide poisoning.
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The stage of carbon monoxide poisoning was deter-
mined as follows!.

1- Mild poisoning: COHb >10% without clinical

signs and symptoms

2- Moderate poisoning: COHb >10% with mild
signs and symptoms [headache, lethargy, fatigue]

3- Severe poisoning: COHb >20-25% with a loss
of consciousness, confusion, or findings of cardiac
ischemia

The measurement of optic nerve sheath diameter was
made as follows. The patients were placed in a supine
position with 20 degrees horizontal angle. Tegaderm
medical dressing was placed on the eye to avoid con-
tact of the eyelid with ultrasound gel. The Tegaderm
dressing was covered with an ultrasound gel with an in-
sonation depth of 5-8 c¢m. The ultrasound probe was
placed on the temporal region of the eyelid. The angle
of the probe was adjusted to visualize the entrance of
the optic nerve. A two-dimensional image was used,
and the diameter of the optic nerve sheath was mea-
sured electronically in 3 mm behind the globe with a
perpendicular axis to the optic nerve. Fujifilm-Sonosite
FC-1 brand ultrasound device and a high-frequency
(10 mHz) linear probe were used in the measurement.
Two measurements were made for each eye, and the av-
erage of the two measurements was recorded.

Exclusion criteria:

1. Conditions resulting in an increased optic nerve
sheath diameter a-Not accompanied by increased
intracranial pressure: Optic neuritis, optic nerve
trauma, arachnoid cyst of the optic nerve, anterior
orbital or cavernous sinus mass b-Accompanied
by increased intracranial pressure: A mass or a
space-occupying lesion in the central nervous sys-
tem, pseudotumor cerebri, decreased cerebrospi-
nal fluid (CSF) resorption (cerebral venous sinus
thrombosis, subarachnoid hemorrhage, meningi-
tis, inflammatory conditions), increased CSF pro-
duction (tumors), ventricular system obstruction,
cerebral edema, encephalitis, craniostenosis)

2. Unstable patients for ocular ultrasonography

3. The patients
ultrasonography

with eyelids ineligible for

4. Conditions where ultrasound operator is not
available



5. Pregnant patients

6. The patients who did not give consent to partici-
pate in the study.

7. Patients who are not in the first hour of admission
to the emergency department

Sample size: H1 hypothesis of the study; The optic
nerve sheath diameter measurement of carbonmonox-
ide poisoning is >5 mm. Our hypothesis is one-sided.
When this alpha error was calculated as 0.05 and the
power 80% standardized effect size was calculated as
0.5, the number of samples was calculated as 25. Since
there may be 10% data loss, it is planned to take a total
of 28 patients.

Demographic data of patients suffering from carbon
monoxide poisoning, laboratory results, exposure to
carbon monoxide gas, stage of poisoning and optic
nerve sheath diameters were recorded.

IBM Statistical Package for Social Sciences (SPSS)
program version 22.0 (IBM, Chicago, USA) statistical
software package was used in the statistical analysis. A
Shapiro-Wilk test was used to test whether the vari-
ables were normally distributed. In order to determine
whether the optic nerve sheath diameter measurement
of the patients with carbon monoxide poisoning was
larger than the population median, the non-parametric
single-sample test, the sign test, was used. The median
value of 5 mm was taken to evaluate the optic nerve
sheath diameter in patients with carbon monoxide poi-
soning’. A Kruskal-Wallis test was used to compare nu-
meric variables between more than two independent
groups without normal distribution. A p-value of less
than 0.05 was considered statistically significant.

Results
The study included 28 participants. A total of 33 pa-

tients were diagnosed with carbon monoxide poison-
ing during the study period. One patient was unstable
(cardiac arrest) to undergo the measurement of optic
nerve sheath diameter by ultrasonography, one patient
was pregnant, and three other patients were excluded
due to the unavailability of an ultrasound operator.

Demographic data of the patients are presented in
Table 1.

A median optic nerve sheath diameter of the right and
left eyes greater than 5 mm was found to be significant
(the sign test, p <0.001) (Table 2).

Table 1. The characteristics of patients with carbon monoxide poisoning

Age 48.07+18.75
Number %

Gender

Female, n, % 15 53.6

Duration of exposure

<6 hours, n, % 19 67.9

6-12 hours, n, % 7 25

12-24 hours, n, % 2 7.1

Stage

Mild, n, % 1 3.6

Moderate, n, % 16 57.3

Severe, n, % 1 391

Symptom

Nausea-vomiting, n, % 13 325

Headache, n, % 11 27.5

Dizziness n, % 7 17.5

Syncope, n, % 5 12.5

Chest pain, n, % 2 5

Loss of consciousness, n, % 2 5

Treatment

100% oxygen n, % 18 64.3

100% oxygen+Hyperbaric Oxygen n, % 8 28.6

100% oxygen+Hyperbaric Oxygen with 2 71

Intubation n, %

Laboratory parameters Median (IQR)

WBC uL 28 9.96 (8.31-12.85)

Creatinine mg/d| 28 0.82 (0.68-1.07)

Lactate mmol/L 25 2.7 (1.55-3.55)

CK-MB ug/L 28 1.74 (1.14-4.18)

Troponin ug/L 28 10.05 (4.43-14.46)

CO Hb % 28 18.5 (14.05-28.85)

Table 2. Optic nerve sheath diameter measurements of patients with
carbon monoxide poisoning

Median (IQR), mm p value
Right eye optic nerve sheath diameter 5.8 (5.5-6.3) <0.001*
Left eye optic nerve sheath diameter 6.0 (5.2-6.3) <0.001*

*The sign test was used with a median value of 5 mm.

A statistically significant difference was found in medi-
an optic nerve sheath diameters of the left and right eye
between carbon monoxide poisoning stages (Kruskal-
Whallis, p=0.027, and p=0.043, respectively) (Table
3). In paired comparisons of the groups, optic nerve
sheath diameters of the left and right eyes were signifi-
cantly higher in patients with severe carbon monoxide
poisoning than the patients with mild and moderate
poisoning.
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Table 3. Optic nerve sheath diameter measurements of the right and left eye according to the stage of carbon monoxide poisoning

Right eye optic nerve sheath p value Left eye optic nerve sheath p value
diameter, mm diameter, mm
Mild n=1 44 0.317 5.2 0.317
Moderate n=16 5.5 (5.4-5.9) 0.003** 5.7 (5.1-6.2) 0.001**
Severe n=11 6.2 (5.8-6.5) 0.003** 6.3 (5.9-7.0) 0.003**
p value 0.027* 0.043*

*A Kruskal-Wallis test was used.
**The sign test was used with median value of 5 mm.

Discussion

In this study, it was determined that the optic nerve
sheath diameter measurement in patients with carbon
monoxide poisoning was larger than the population me-
dian. It was determined that the median of optic nerve
sheath diameter measurement in the patients with the
severe stage was larger than those in the moderate stage.
We concluded that there is an increase in optic nerve
sheath diameter in carbon monoxide poisoning.

The mortality rate is higher among the patients with
acute brain injury after sustaining carbon monoxide poi-
soning, and the development of acute brain injury is as-
sociated with blood carbon monoxide levels, but no asso-
ciation exists with the symptoms’. Late neuropsychiatric
symptoms are associated with secondary brain damage
occurring 2—40 days after carbon monoxide poisoning
and are encountered in approximately 15-30% of suc-
cessfully treated patients'®!!. Carbon monoxide poison-
ing remains a significant health problem as it results in
death in the short term and various neurological sequels
in the long term due to brain damage.

The optic nerve sheath diameter measurement by ul-
trasonography has come into use as a non-invasive
method in recent years to determine an increase in
intracranial pressure®®. It was reported emergency
medicine physicians without previous ultrasound
education could accurately detect pathological condi-
tions on ocular ultrasound after gain an experience of
15-75 attempts'® The optic nerve sheath diameter has
also been evaluated according to the types of ischemic
stroke and increased values have been reported in all
types of ischemic stroke, the values being higher in the
patients with more extensive ischemic area'’. The in-
crease in intracranial pressure has always been attrib-
uted to widespread cerebral edema'*'.

In the present study, the optic nerve sheath diameter
was significantly higher when tested against a median
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value of 5 mm. The authors consider that an increase in
intracranial pressure is associated with increased blood
volume caused by anoxia and the development of cyto-
toxic cerebral edema due to ischemia®.

It was reported that the extent of brain damage on com-
puted tomography (CT) and magnetic resonance im-
aging (MRI) scans are associated with prognosis in the
patients with carbon monoxide poisoning'”'®. In the
present study, optic nerve sheath diameters were signifi-
cantly higher in the patients with severe carbon monox-
ide poisoning than the patients with mild and moderate
poisoning. The presence of three or more lesions in the
white matter on MRI scans or a lesion in the initial dif-
fusion MRI scans has been identified as the independent
predictor of delayed neuropsychiatric symptoms'®>'.

The authors suggest that an increase in intracranial
pressure can be estimated and monitored by the mea-
surement of optic nerve sheath diameter, as the detec-
tion of increased intracranial pressure is essential to
determine the severity of the condition and to prevent
secondary brain damage®. Also, the patients with in-
tracranial lesions on initial MRI studies have a poorer
prognosis. However, the use of MRI scans in all pa-
tients is not cost-effective, and not all patients (with
implanted cardioverter/defibrillator, platinum implan-
tation) are eligible to undergo MRI.

The increase in intracranial pressure estimated by optic
nerve sheath diameter measurement in carbon monox-
ide poisoning is considered to cause symptoms. Based
on the relationship between optic nerve sheath diame-
ter and the severity of carbon monoxide poisoning, the
authors of the present manuscript suggest that further
studies must be conducted to evaluate whether optic
nerve sheath diameter could be used as a parameter to
monitor the outcomes of the treatment and whether
the measurement of optic nerve sheath diameter could
predict delayed neurological sequels.



Limitations

The sources of carbon monoxide gas responsible for
the poisoning in the present study, the patients were
not specified. No comparison was made between the

optic nerve sheath diameter and CT/MRI findings.

No other measurement was made for intracranial pres-
sure increase except ONSD measurement. The link
between the increase in intracranial pressure and the
measurement of ONSD has been accepted in princi-
ple. We do not have a control group to compare and
no control measurement after treatment. Due to these
limitations, this study is a pilot study.

Also, no comparison was made between the optic
nerve sheath diameter and mortality/late neurological
sequels.

Conclusion

Increased intracranial pressure can be estimated by
measuring optic nerve sheath diameter in patients pre-
senting with carbon monoxide poisoning. The optic
nerve sheath diameter is greater in patients with severe
poisoning.
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