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Izviecek

Namen: Namen studije je bila primer-
java dobljenih rezultatov meritev preme-
ra ovojnice vidnega Zivca med kontra-
stno ojacanim ultrazvokom (CEUS) in
visoko resolucijsko magnetno resonanco
(HRMR). Glawni cilj je bil oblikovanje
nove metode merjenja premera ovojnice
vidnega Zivca, ki je enostavnejsa za iz
vajanje, enostavnejsa za interpretacijo
in lagje ponovljiva kot sedaj uporabljane
metode.

Metode: Za izvedbo studije smo pri-
dobili mnenje Drgavne komisije za me-
dicinsko etiko Republike Slovenije; Stu-
dija je registrirana pod st 30/03/12.
Devet zdravih mladih odraslih oseb smo
pregledali ¥ MR wisoke locljivosti in z
ultrazvokom z aplikacijo kontrastne-
ga sredstva. Meritve premera ovojnice
opticnega Zivca smo po obeh metodah
opravljali 3 mm za zrklom. Podatkovne

Purpose: The present proof of concept
study was performed to evaluate the
consistency between measurements of
the optic nerve sheath taken using con-
trast—enhanced sonography and high—
resolution magnetic resonance imaging
(MRI). The main goal was to devise
a novel candidate method to measure
the optic nerve sheath diameter that is
easy to perform, straightforward to in-
terpret, and highly reproducible.

Methods: The approval of the Na-
tional Medical Ethics
of the Republic of Slovenia was ob-
tained; the study was registered under
No. 30/03/12. Nine healthy young

adults were examined with high—reso-

Committee

lution MRI and contrast—enhanced
ultrasound (CEUS). Measurements of
the optic nerve sheath diameter were

performed 3 mm behind the bulb, us-
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nize smo anonimizirali in neodvisnim ocenjevalcem zakrili.
Statisticna analiza je vkljucevala stopnjo ujemanja meritev
z Bland-Altmanovo analizo in oceno stopnje ujemanja med
ocenjevalci, ki smo jih izracunali ¥ medrazrednim korelacij-
skim koeficientom.

Rezultati: Bland-Altmanovi grafi kazejo na splosno dobro
ujemanje obeh metod v klinicno sprejemljivih mejah ujema-
nja oz. prekrivanja. Medrazredni korelacijski koeficient, iz
racunan za obe metodi, kage oz. potrjuje, da je kontrastni
UZ najman;j toliko ponovljiv kot magnetna resonanca wvisoke
locljivosti.

Zakljucek: Opisana metoda z uporabo kontrastno ojacanega
ultrazvoka za merjenje premera ovojnice opticnega Fivca zahte-
va dobro poznavanje relevantne anatomije. Uporaba kontra-
stno poudarjenega ultrazvoka omogoca relativno enostavno in
zanesljivo nastavitev merilnih tock. Retrobulbarni artefakti so
pri UZ manj zavajajoci kot pri MR. Izhajajo¢ iz majhnega
vzorca je metoda primerljiva z visoko locljivo magnetno resonan-
co. Za dokoncéno oceno uprabnosti metode je potrebno opraviti
vrednotenje metode na vecjem vzorcu zdravih oseb, prav tako pa

tudi na vzorcu bolnikov s povisanim intrakranialnim tlakom.

ing both methods. The datasets were anonymized and the
readers, blinded. Statistical analysis included evaluation of
agreement using Bland—Altman plots. The assessment of in-
ter—rater reliability was achieved by calculation of the intra
class correlation coefficient.

Results: Bland-Altman plots showed favorable overall
agreement between both methods, with clinically acceptable
limits of agreement. The intra class correlation coefficient
calculated for both methods suggests that the CEUS method
was at least as reproducible as high—resolution MRI.
Conclusion: The described method, using CEUS to mea-
sure the optic nerve sheath diameter, facilitates the identi-
fication of the surrounding anatomy. When CEUS is em-
ployed, the measurement points can be easily and reliably
set, and retro bulbar artifacts are less confounding. Based on
results from a relatively small sample, this method seems to
be comparable with high—resolution MRI. Evaluation of the
method on a larger sample of healthy subjects and patients
with increased intracranial pressure is needed.

INTRODUCTION

The concept of the optic nerve sheath reacting to
changes of intracranial pressure has been quite firmly
established, and has been corroborated by experi-
mental data and cadaver studies. The phenomenon
of papilledema caused by the extension of elevated
intracranial pressure into the subarachnoid space of
the optic nerve was explained in the 1960s by Hayreh
(1,2). In the 1990s, Helmke, Hansen, Liu, and Kahn
produced substantial data on distensibility and pres-
sure, and the related enlargement of the optic nerve
sheath, based on cadaver studies with intrathecal infu-
sion of Ringer’s solution (1,3,4). Enlargement of the
optic nerve sheath is evidently not a static indicator,
but varies with changes in intracranial pressure within
a matter of seconds (2). Transbulbar sonography has
been shown to be well suited to imaging of the optic
nerve sheath complex, and a correlation between the
optic nerve sheath diameter (ONSD) as seen on trans-
bulbar sonography, and invasive measures of intracra-
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nial pressure has been established. Previous studies
have been conducted both on adult and pediatric
populations (5). The etiology of elevated intracranial
pressure (ICP) varies, ranging from trauma to the ef-
fects of acute mountain sickness (6-12).

Although most studies show a positive correlation be-
tween ONSD values and intracranial pressure, stan-
dard values for normal and abnormal sonographic
measurements vary significantly. Similar studies done
with magnetic resonance imaging (MRI) show much
more consistency. The diameters that are consistent
with normal ICP values on MRI are higher than pre-
viously published values for transbulbar sonography
(1,13,14,15). The relative consistency of measure-
ments reported in various studies using MRI is attrib-
uted to enhanced differentiation of various anatomi-
cal structures (1).

The variability of measured diameters in different
studies using transbulbar sonography has been attrib-



uted to several factors (including parallel incidence of
the ultrasound probe on the structure being investi-
gated, sonographic artifacts of the retrobulbar region,
etc.). All of these factors can be ultimately condensed
to a problem of exact positioning of the measurement
points, as the ONSD is relatively small. In a recent
cadaveric study by Steinborn et al., in which high-
resolution ultrasound was employed, greater variance
in measurement values of the ONSD was observed,
when the transbulbar (transverse) approach was used,
in comparison to the sagittal and coronal approaches
(1). In a study by Moretti et al., conducted on patients
with spontaneous intracranial hemorrhage, a similar
superiority of the sagittal orientation of the probe was
evident, and this was attributed to the increased inci-
dence of sonographic artifacts, when the probe was po-
sitioned horizontally (3). A call has been made for the
standardization of image quality and interpretation.
That goal is ultimately linked to the ability of the op-
erator to establish anatomical landmarks that are con-
sidered as measurement points (1). The method should
be simple, and its interpretation should be straightfor-
ward. Furthermore, measurements should be highly
reproducible to be useful at the bedside, and effectively
performed by an operator who is not specialized in oc-
ular or transbulbar sonogra-
phy.

Our main goal was there-
fore to devise a candidate
method with those attri-
butes. We used contrast-
enhanced sonography
to delimit the points for
ONSD measurements. The
retrobulbar space is occu-
pied by various perfused
The

of the course of the main

structures. pattern

Directional vessels

vessel branches, capillar- _
) ) Subarachnoid space
ies, and venules is highly
specific in relation to the _

) ALV, centralis retinae
optic nerve. In the cen-
ter of the nerve, there are
arteria and vena centralis

retinae; and on the outer
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boundary of the subarachnoid space, there is the va-
gina externa nervi optici (formed bythe dura mater),
through which arterioles and venules pass in a highly
directional fashion (Figure 1). The method should be
capable of demonstrating the course of these small ves-
sels reliably, as they can be considered as landmarks
to conduct a measurement. The usual techniques of
color coded Doppler is not sufficiently sensitive, and
is prone to several operator-dependent artifacts. We
hypothesized that the use of a second-generation
ultrasonic contrast agent (SF6 in a lipid monolayer)
would highlight those landmarks.

MATERIALS AND METHODS

The approval of the National Medical Ethics Commit-
tee of the Republic of Slovenia was obtained, and the
study was registered under No. 30/03/12. Informed
consent was obtained from all nine healthy young
adults enrolled in the study. There were three female
and six male volunteers, ranging between 21 to 33
years of age (mean 24 years). None of the subjects had
any known preexistent systemic or ophthalmic condi-
tions. Another healthy adult was enrolled as a method

Substantia propria sclerae

Vagina externa

% Vagina interna

N. opticus

Figure 1. Diagram of directional vessels in tunica externa of the optic nerve visual-
ized by CEUS and used as an anatomical marker of the outer border of the subarach-
noid space. (The structures are not drawn to scale.)
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demonstrator. The data obtained on that subject were
not included in the analysis because the blinding proce-
dure could not have been assured. Contrast-enhanced
ultrasound (CEUS) and MRI of the ONSD were per-
formed on the method demonstrator, for the purpose
of training the readers. Contrast-enhanced ultrasound
was performed on a high-end ultrasound system (Aplio
XG, Toshiba Medical Systems, Otawara, Japan), using
a linear transducer (PLT-704SBT, 4.8-11 MHz). The
settings of the mechanical index (MI) were adjusted
to a range that was consistent with the application of
contrast (MI 0.04-0.07). A second-generation contrast
agent was used (Sonovue™, Bracco Imaging S.p.A.,
Milano, Italy), of which5 mL from the commercially
available kit was injected through a peripheral line.
The scan was recorded on a picture archiving and com-
munication system (PACS) (IMPAX Enterprise, Agfa
Healthcare NV, Mortsel, Belgium) in a Digital Imaging
and Communications in Medicine (DICOM) format
as a clip. The imaging modalities used included low
MI imaging without any superimposed technique, and
with the use of dynamic flow imaging in the same scans.
The scan was done in a transverse plain on the right eye
only. Minimal, constant pressure was maintained on
the bulb throughout the scan. No specific instructions
were given to the subject about the gaze position. The
only goal was to maintain the
best possible image of the ret-

robulbar space including the s >

optic nerve sheath complex ; —
for as long as possible. No
analyses or measurements
were performed online.

The MRI was performed on
a 3T whole body system GE
Signa  HDxt (GE Health-
care, Little Chalfont, UK).
The head of the subject was
placed on an8-channelhigh-
resolution brain coil. The
3D Fiesta - C sequence was
used (TR 5.7 msec, TE 2.3
msec, slice thickness 0.6 mm
with 0.3 mm overlap, Matrix

448X416, field of view 30x24

of the optic nerve.
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zip, number of averages 1.39, scan time 4:37 min, im-
age acquisition in parasagittal plane). The data was
reconstructed on a GE ADW 4.4 workstation (GE
Healthcare) with 1 mm precision in the sagittal, coro-
nal, and transverse plains. The images obtained were
recorded on a PACS (IMPAX Enterprise, Agfa Health-
care NV, Mortsel, Belgium). Both datasets recorded in
the DICOM format were transferred to a workstation,
on which DICOM viewing software (Osirix ver. 5.0.1,
64 bit, Pixmeo SARL, Bernex, Switzerland)was run-
ning, for evaluation of the measurement tools.

The exact protocol was used for image acquisition in
the nine remaining subjects. After collection of the da-
tasets, the data for both CEUS and MRI was anony-
mized and labeled with randomly generated numbers.
The labels from the CEUS dataset and those from the
MRI dataset did not correspond. The key with which
they could have been linked was not known to the eval-
uators during the analysis.

The exact measuring procedure was demonstrated on
the method demonstrator dataset. The collected images
were reviewed and three measurements were recorded
for both CEUS and MRI datasets, thereby completing
the demonstration of measurement procedure.

One senior experienced neuroradiologist, one senior
radiology resident, and one senior surgery resident
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Figure 2. Still image of the hyperechogenic ultrasonic contrast flowing in a.,v.
centralis retinae and in directional vessels in the tunica externa (marked with x)
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R e T Measuring technique
B

TR e
S ' The entire length of the recorded

clip of the CEUS scan was exam-
ined. The visible flows of contrast
through the a. and v. centralis reti-
nae were identified, as well as that
through a highly directional com-
plex of vasculature in the tunica ex-
terna of the optic nerve (Figure 2).
The same structures were identified
and observed with the use of dynam-
ic flow imaging. For definition of
the measurement points, three im-
ages were selected, in which central
and lateral signals were clearly visible

on dynamic flow imaging. Measure-

Figure 3. Still image of the ultrasonic contrast flowing in a.,v. centralis ments were taken using those three
retinae and in directional vessels in the tunica externa, visualization of ul- images, 3 mm posterior to the eye
trasonic contrast flow is augmented with dynamic flow imaging (red marks). bulb, perpendicular to the direction

of the a. and v. centralis retinae, and
measurement points were defined
as the inner borders of both lateral
signals on dynamic flow imaging
(Figure 3).

The MRI images were inspected in
the sagittal, transverse, and coronal
planes. The structure observed was
the outer border of the hyperinten-
sive area, surrounding the isointense
to hypointense signal of the optic
nerve. The measurement points
were defined as the outer border of
the hyperintensive area surrounding

the optic nerve, 3 mm posterior to

Figure 4. Orthogonal multi planar reconstruction of the MRI of the optic the eye bulb, and perpendicular to
nerve with subarachnoid space being clearly hyperintensive. Outer boundary the course of the optic nerve (Figure
of subarachnoid space 3 mm behind the bulb is marked with arrowheads in 4). Three images were selected based
first projection. on the best visibility of the defined

measurement points, and three mea-
surements were taken and recorded.
evaluated the anonymized CEUS and MRI datasets of the remaining nine ~ No differentiation between the dif-
subjects. The CEUS and MRI datasets of each subject were evaluated sepa-  ferent planes was attempted. The
rately, in conformity with the procedure demonstrated on the method dem-  only criterion considered was good
onstrator dataset. visibility of the measurement points.

ACTA MEDICO-BIOTECHNICA
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RESULTS

The mean values and standard deviations of the mea-
surements of the ONSD for all nine subjects are given
in Table 1. Bland-Altman plots were constructed to
compare MRI and CEUS measurements from each
of the three raters separately (Figs. 5-7); another plot
was constructed for all three raters combined, using
averages of the three measurements taken by each
rater (Fig. 8); and another plot was constructed for all
three raters combined, using non-averaged measure-
ments of all three raters (Fig. 9). For the first rater, the
limits of agreement were -0.34 mm to + 0.39 mm (SD
0.0187). For the second rater, the limits of agreement
were —-0.25 mm to + 0.32 mm (SD 0.0144). For the
third rater, the limits of agreement were -0.25 mm to
+0.31 mm (SD 0.0142). The limits of agreement for
the averages of the measurements of the three raters
were -0.20 mm to + 0.25 mm (SD 0.0114). The li-
mits of agreement using non-averaged measurements
of the three raters were -0.29 mm to + 0.35 mm (SD
0.0162). The Bland-Altman plots show favorable

Table 1. Mean values and standard deviations [mm] of op-

tic nerve sheath diameter for contrast enhanced ultrasound

(CEUS) and magnetic resonance imaging (MR).

1 5.45 (0.08) 5.54 (0.07)
2 4.68 (0.10) 4.81 (0.09)
3 4.26 (0.09) 4.16 (0.06)
4 5.20 (0.10) 5.20 (0.10)
5 5.50 (0.11) 5.63 (0.08)
6 5.40 (0.13) 5.29 (0.10)
7 5.74 (0.07) 5.92 (0.14)
8 5.93 (0.08) 5.88 (0.09)
9 5.03 (0.06) 5.03 (0.07)
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Figure 5. Bland — Altman plot comparing measure-
ments of the ONSD using the described CEUS and
MRI method for the first rater.
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Figure 6. Bland — Altman plot comparing measure-
ments of the ONSD using the described CEUS and
MRI method for the second rater.
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Figure 7. Bland — Altman plot comparing measure-
ments of the ONSD using the described CEUS and
MRI method for the third rater.
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Figure 8. Bland — Altman plot comparing measure-
ments of the ONSD using the described CEUS and

MRI method for averages of measurements of all raters.
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Figure 9. Bland — Altman plot comparing measure-
ments of the ONSD using the described CEUS and MRI

method for non—averaged measurements of all raters.

agreement between both methods, within clinically
acceptable limits of agreement. To assess inter-rater
reliability, the intra class correlation coefficient (ICC)
was calculated, using the absolute agreement model.
For CEUS single measures, the ICC was 0.9965 with
a 95% confidence interval of 0.9891 to 0.9991. For
MRI single measures, the [CC was 0.9923 with a 95%
confidence interval of 0.9771 to 0.9981. The measure-
ments recorded with the CEUS technique seemed to

be just as reproducible as those recorded with high
definition MRI.

Kliniéna studija / Clinical study

For statistical analyses, statistical software was used
(IBM SPSS Statistics ver. 20™, IBM Corp, MedCalc
for Windows ver. 12.3.0.0, MedCalc Software, Mar-
iakerke, Belgium).

No adverse reactions were recorded during the ex-
aminations, and none of the subjects reported any
adverse reactions on a follow-up visit, 30 days after
imaging was performed.

In sonographic terms, the ONSD is comparatively
small. Therefore, the measurement of relatively small
changes in its diameter can be a daunting task, es-
pecially within the setting of acute and emergency
medicine. The paramount importance of the correct
interpretation of ultrasound anatomy and possible ar-
tifacts has been emphasized in previous studies (1,3,
4,16,17). It has already been established that the oc-
currence of artifacts that affect the correct anatomical
identification of measurement points is more frequent
when the probe is positioned horizontally (1,3). How-
ever, the horizontal position of the probe is on many
occasions, the preferred position in emergency situa-
tions, as it can be rapidly achieved and evaluation of
the pupillary reflex can be simultaneously performed
with only slight repositioning of the probe. Further-
more, minimal pressure is exerted on the eye bulb,
thereby avoiding bulbar compressions and possible
related complications. In emergency and acute medi-
cine situations, the transducer cover or other spacer
that can be discarded after use on a single patient, is
warranted, thus generating another set of haphazard
artifacts that affect the correct anatomical identifica-
tion of the measurement points. Using the CEUS to
delineate the measurement points exactly, we tried
to demonstrate the possibility of facilitating the cor-
rect identification of anatomical landmarks, using the
directional vascular structures in the vagina externa
of the optic nerve. We tried to show that correct so-
nographic identification is quite straightforward and
independent of the possible retrobulbar and other so-
nographic artifacts, because the measurement points
are visualized as a visible flow of contrast through

ACTA MEDICO-BIOTECHNICA
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the marker vascular structures. This fact is reflected
by favorable agreement of the results obtained using
CEUS, with those obtained using high-resolution
MRI, and by the reproducibility of measurements
recorded by different raters using CEUS that was
comparable with that achieved using high-resolution
MRI. However, the sample in our study was small,
reflecting the proof of concept nature of the study.

CONCLUSION

The use of ultrasonic contrast is safe and simple. The
interpretation of sonographic anatomy, using ultra-
sonic contrast in marker vascular structures becomes
much easier, as it is not prone to motion artifacts,
in comparison to color Doppler or power Doppler
alone. The other B-mode artifacts can also be easily
recognized as such, because the actual flow of con-
trast through the marker vascular structures is visible
in real time. The learning curve was not evaluated in
this study; however, it is expected to be quite steep.
The described method has to be evaluated on a larger
sample and a greater number of raters, to establish
accuracy of the ONSD measurement in comparison
to high-resolution MRI in a healthy population. Fur-
thermore, the utility of the method has to be evalu-
ated on patients with raised intracranial pressure who
have an ICP monitoring device implanted, to estab-
lish the assumed correlation with raised ICP and es-
tablish a cut-off value for normal ICP.

Initial examinations of the ongoing clinical study on
patients with raised ICP and an implanted ICP moni-
toring device in our surgical intensive care unit show
promising initial results. In addition, the effects of
mannitol can be observed in real time, using the de-
scribed CEUS technique (unpublished data).

ACTA MEDICO-BIOTECHNICA
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