We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

4,800 122,000 135M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



12

Application of Orbital
Sonography in Neurology

Michael Ertl!, Maria-Andreea Gamulescu? and Felix Schlachetzki?
Department of Neurology, University of Regensburg, Bezirksklinikum Regensburg
2Department of Ophthalmology, Regensburg University Medical Center

Germany

1. Introduction

Color-coded duplex sonography is a well established non-invasive method for vascular and
parenchymal examination in a wide range of neurological disorders including stroke, cerebral
venous thrombosis and degenerative diseases, amongst others. Considering development,
cell types and vascular structures as well as pathology and pathophysiology, high
similarities and interactions exist between the central nervous system (CNS) and the eye.

When applied to the eye and the orbit, high-resolution color-coded duplex sonography
(OCCS) may depict a variety of pathologic alterations such as papilledema or central retinal
artery occlusion, that represent manifestation of CNS disorders (i.e. raised intracranial
pressure) or systemic diseases (i.e. atherothrombotic/ thrombembolic occlusions), respectively.
Although easily accessible, OCCS has not yet gained widespread use in daily neurological
practice despite the fact that most modern ultrasound systems are capable of performing
such an endeavor. However, this technique may be a very helpful, fast and powerful
diagnostic procedure in addition to the diagnostic battery needed for unraveling specific
CNS or systemic diseases.

In this book chapter article we highlight different aspects of OCCS and concentrate on
methods and diseases relevant for neurologists. The differential diagnosis of orbital tumors
(e.g. lymphoma, optic sheath meningeoma, pseudotumor orbitae, myositis, and others) or
vascular abnormalities (e.g. varicosis, superior orbital venous dilatation in arterio-venous-
fistula) will not be discussed. The first part introduces the reader to the technical
requirements, restraints and safety for performing sonography of the eye. Normal relevant
anatomy as well as normal values will be given. The second part focuses on common
vascular pathologies such as central retinal artery occlusion in the context of suspected giant
cell arteritis as well as swelling of the optic nerve and papilledema linked to raised
intracranial pressure. Being a fairly young technique, few studies employing OCCS exist, yet
a large variety of interesting pathology and variations may be found as exemplified in the
third and final part of the chapter.

Ocular color-coded duplex sonography is a fascinating technique with high potential for
neurologists in differential diagnosis and therapy of an expanding variety of acute and
chronic CNS disease.
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2. Technique and safety considerations

Orbital sonography can be easily performed using most color duplex ultrasound systems
equipped with high frequency linear array transducers. Since the optic lens as well as the
vitreous do not absorb significant ultrasound energy and make near field artifacts virtually
impossible, commonly used transmit frequencies in neurology from 7 to 15 MHz may be
used. According to the physics of wave propagation in tissue and the resulting axial and
lateral resolutions, the general aim is to apply high frequencies up to 14 MHz or more. The
acoustic output of the ultrasound systems needs to be adjusted to the requirements of orbital
sonography according to the ALARA principle (,as low as reasonable achievable’) in order
to avoid damage to the lens and retina (Toms 2006). The main biological effects would be
cavitation and temperature increase, the latter being dependent from the insonation time. In
animal experiments harmful effects of ultrasound acoustic power to ocular structures (esp.
lens and choroid) could be demonstrated (Lizzi et al. 1978). Therefore, current guidelines
released by the FDA limit the acoustic output to temporal average intensities of up to
50mW/cm? and a mechanical index (MI) of up to 0.23 (Food and Drug Administration
2008). An on-screen indicator of ultrasonic output, the MI is a measure of the likelihood that
a clinically important non-thermal biological effect may occur during a diagnostic
examination (American Institute of Ultrasound in Medicine 2000). However, most
examinations last less than 5 minutes for each eye, hereby limiting the possibility of thermal
damage. In order to prevent cavitation effects, the settings for orbital sonography may be as
follows:

- B-mode - transmit frequency 14 MHz, mechanical index (MI) = 0.23, single focal zone at
2.5 cm, bandwidth 74 dB;

- C-mode - transmit frequency 10 MHz, MI = 0.23, color scale optimized for low
velocities, no wall filter;

- pw-Mode - transmit frequency 2 MHz, MI = <0.23 (<0.44*) (Tab. 1).

B-mode C-mode pw-mode
transmit frequency 14MHz 10MHz 2MHz
mechanical index (MI) | <0.23 <0.23 0.23 (<0.44%)
single focal zone 2.5cm
bandwidth 74dB
Special color scale
recommendations optimized for low

velocities
no wall filter

Table 1. Machine parameters in B-mode, C-mode and pw-mode, *often the lowest output
value

It needs to be kept in mind that most color-duplex machines require reduction of the
acoustic output in each mode, that is the B-mode, color-mode and spectral Doppler-mode
(the latter might not display values below 0.44).

During the examination the patient lies in supine position with the eyes closed (Fig. 1a). A
layer of acoustic gel is applied to the closed lids, the transducer is placed on the upper and
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slightly lateral eye-lids with the examiner’s hand resting on the orbital margin to minimize
pressure on the globe (Fig. 1b/c). To optimize the display of anatomical stuctures, esp. the
optic nerve, the transducer is positioned a little on the temporal side and the patient is asked
to try to look straight even with the eyes closed. Pressure on the globe should be as low as
possible as this might result in a decrease in blood flow velocity of retro-orbital vessels
(Tranquart et al. 2003). The optic nerve presents as a hypoechogenic structure beyond the
globe in this horizontal scanning plane and the optic disc and provides an anatomical
landmark for the ultrasound examination (Fig. 2).

(a) (b)

Fig. 1. Standard examination parameters. (a) Patient lies in supine position with the eyes
closed. (b) The transducer is placed on the upper eye-lids (slightly lateral) with the
examiner’s hand resting on the orbital margin. (c) lllustration of correct transducer
positioning and anatomical overview. Copyright ® M.Ertl, with permission

re ALCENT)

Fig. 2. Anatomical landmarks for ultrasound examination (a) Ocular coherence tomography
(Spectralis ®, Heidelberg Engineering, Germany) excellently demonstrating the retinal
vasculature and layers of the retina. However, inlay demonstrates limited penetration
beyond the level of the retina. (b) High resolution B-mode sonography in the horizontal and
lateral scanning plane presenting the optic nerve as a hypoechogenic structure beyond the
retina surrounded by the hyperechoic subarachnoid space and the hypoechoic dura mater.
The optic nerve provides an anatomical landmark for the ultrasound examination. For
anatomical correlates see Figure 3. (c) In a strictly axial horizontal image plane, the optic
nerve appears curved limiting the diagnostic accuracy of optic nerve diameter
measurements
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In order to enable side-to-side comparison, the left side on the monitor pictures the nasal
orbit.

3. Vascular diagnostics

The central retinal artery (CRA), a distal branch of the ophthalmic artery, enters the optic
nerve approximately 1-1,5 cm distal from the globe coming from the dorsolateral direction
(Fig. 3). It supplies the retina and can be identified together with its parallel running central
retinal vein (CRV) using the color-mode.

— Circle of Zinn and Haller

~ Subarachnoid space

/'~ Posterior ciliary artery

/ \- Posterior ciliary artery \  \ | \— Central retinal artery
» LR ; N g
! i " " L) \1
AT ‘— Circle of Zinn and Haller \
Retina —/ 4 \ hY Pia mater
_._-"' ___.-"!
Choroid — / Dura mater
Sclera

Optic nerve sheath

Fig. 3. Anatomy of retrobulbar structures: vascular supply of the retina and the optic nerve
and sorrounding structures. Copyright ® M.Ertl, with permission

Normal values were first established by Lieb et al. 1991 and are summarized in Table 2 (Lieb
et al. 1991). For best visualization, the probe should be positioned as described above with a
good view of the optic nerve in the axial plane. The focus zone should be set in at the level
of the optic disc. In color-mode the pulse-repetition-frequency should be adjusted to register
low-flow signals of the central retinal artery and the central retinal vein. Color gain has to be
adapted according to the flow velocities as well as to reduce background noise and color
signals generated by minimal eye movements (movement artifacts) (Fig. 4).

Orbital vessel Mean * SD Blood Flow, cm/s (Range)
Central retinal artery 10.3 +2.1 (6.4-17.2)

Central retinal vein 2.9+0.73 (1.9-5.4)

Ophthalmic artery 31.4 +4.2 (23.5-39.8)

Posterior ciliary artery 12.4 +4.8 (1.4-22.7)

Table 2. Maximum systolic blood flow velocities in orbital vessels
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Fig. 4. Normal retrobulbar findings using high-resolution ultrasound in B-mode, Color-mode
and spectral Doppler: B-mode: (a) The optic nerve presents as a hypoechogenic structure
beyond the retina and the optic disc (b) Color-coded Duplex mode: central retinal artery
(CRA) accompanying the optic nerve; section of retinal vessels from the posterior ciliary
artery and the Circle of Zinn and Haller (c) Spectral-Doppler with Duplex-mode: normal
spectrum of the CRA with peak-systolic velocity of 10.3 + 2.1 cm/s and the underlying
central retinal vein with peak-systolic velocity of 2.9 £ 0.73 cm/s (see also Table 2)

Alterations of flow in the CRA can occur in a variety of circumstances causing decreased
visual acuity. In elderly patients this is mainly due to hypoperfusion or occlusion of the
CRA caused by thrombo-embolic events (Brown and Magargal 1982; Gold 1977) or as CRA
involvement in temporal arteritis (TA) (McFadzean 1998). In case of a central retinal artery
occlusion (CRAQO) a hyperechoic structure might be depicted in the optic nerve head,
representing a fresh cholesterol embolus (Pfaffenbach and Hollenhorst 1972), which was
termed “spot sign” by Schlachetzki and colleagues (Schlachetzki et al. 2010) (Fig. 5a). This
finding is accompanied by absent flow in the CRA, whereas flow in the CRV is still
detectable (Fig. 5b). The incidence of this phenomenon was first investigated by Foroozan et
al. (Foroozan et al. 2002). In their retrospective study a “spot sign” occurred in 31% of cases
of sudden ocular blindness. However, in an ongoing prospective study we found an
incidence of up to 90% in patients with CRAO (Ertl et al., submitted).

In patients with TA, either reduced (Fig. 6a) or absent flow in CRA (Fig. 6c) was evident.
The diagnosis of TA can by firmly supported by hypoechoic vasculitic vessel wall changes
in the temporal arteries (so called “halo”-sign) (Arida et al. 2010), but the negative predictive
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Fig. 5. Ultrasound findings in a patient with embolic central retinal artery occlusion.

(a) B-mode: Hyperechogenic ,,spot sign” in the optic nerve head (arrow), representing an
embolus in the distal CRA. (b) Color-Duplex- and spectral Doppler-mode: absent flow in the
CRA with persistant perfusion of the central retinal vein

b

Fig. 6. Ultrasound and funduscopic findings in patients with central retinal artery occlusion
due to temporal arteritis. (a) Patient 1: Color-Duplex- and spectral Doppler-mode:
Pseudovenous flow in the affected CRA. (b) Patient 1: Color-Duplex- and spectral Doppler-
mode: normal flow in the unaffected contralateral CRA. (c) Patient 2: Color-Duplex- and
spectral Doppler-mode: zero-flow in the affected CRA. (d) Patient 2: fundoscopy: blurred
rim of optic disc, optic disc edema and hyperemia, small splinter hemorrhage
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value is only 68% and thus far not sufficient to rule out that disease. In patients with sudden
retinal blindness and borderline symptoms for TA (only 2-3 positive ACR-criteria), a visible
“spot sign” could be very helpful to rule out vasculitis, as could be demonstrated in the
above-mentioned prospective study (Ertl et al., submitted).

Quick and sound differentiation of both etiologies is important for the initiation of specific
treatments: thrombo-embolic occlusions need to be treated with platelet-inhibitors and high
doses of cholesterol-lowering drugs, among control of additional cerebrovascular risk
factors, whereas TA requires a sufficient and long-lasting steroid therapy to prevent
secondary blindness of the unaffected eye.

Absent or reduced flow in the central retinal artery should lead to detailed workup
looking for sources of cardiac emboli (ECG, cardiac echo, long term ECG, holter
monitoring) and artherosclerosis (IMT wusing carotid wultrasound, presence of
hemodynamically relevant carotid stenoses, etc.). Muller et al. found that in the majority
of patients with ocular syndromes and ICA-stenosis greater than 50% (according to the
NASCET-classification (Arning et al. 2010)), the ICA-stenosis was located on the
ipsilateral side (Muller et al. 1993). Reversely, other studies could show a significant flow
reduction in the ophthalmic artery and the central retinal artery in patients with ICA-
stenosis of 70% or more (NASCET-classification) (Paivansalo et al. 1999). Consequently
peak systolic velocity in the CRA and the posterior ciliary artery improved after carotid
endarterectomy (Mawn et al. 1997).

A major advantage of OCCS is the visualization of structures lying behind the retina.
Indirect fundoscopy and photodocumentation, common tools for ophthalmic investigations,
are excellent methods to display pathologies up to the level of the retina or the choroid.
Unfortunately, these techniques lack sensitivity or depth penetration beyond the choroid,
and thus cannot elicitate the underlying cause of CRAO. Conventional A- and B-mode
ultrasound systems for visualization of the globe and orbit used in opthmalmology have
transmit frequencies between 10 to 20MHz. The last mentioned very high frequency has
difficulties to penetrate beyond the choroid, and often these equipment lack Doppler or
color-coded Doppler capabilities.

4. Assessment of intracranial pressure

Elevation of intracranial pressure (ICP) is a common phenomenon caused by a variety of
neurological disorders as brain tumors, intracranial bleedings, or head trauma. Elevated ICP
can be associated with life threatening conditions, e. g. brainstem herniation. Therefore these
critically ill patients need to be monitored regularly to an extend of several times a day.
Neuroimaging techniques as computed tomography (CT) and magnet resonance imaging
(MRI) can help to assess raised ICP but have their diagnostic limitations as well (Hiler et al.
2006; Winkler et al. 2002) and require a potentially harmful patient transport. The gold
standard for ICP measurement remain to be invasive intracranial devices: in addition to the
need for neurosurgical operation and contraindications (e.g. thrombocytopenia) these
methods are associated with certain complications as hemmorhage, infections and shunt
malfunction (Brain Trauma Foundation 2000).

OCCS might be an interesting bedside alternative for follow-up examination of these
critically ill patients. Several studies investigated the utility of measurements of the optic
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nerve sheath diameter (ONSD) as an indicator for ICP measurement and management
(Antonelli et al. 2009; Galetta et al. 1989; Hansen and Helmke 1997). The optic nerve as part
of the central nervous system (CNS) is surrounded by cerebrospinal fluid (CSF), and thus
communicates with the inner and outer subarachnoid space. Therefore, elevation of ICP can
be assessed by measuring the ONSD, but also the intraocular prominence of the papilla.

The transducer is positioned as described in the technical segment, the beam is focused on
the area behind the papilla and the optic nerve should be depicted in the axial plane. The
optic nerve sheath is demonstrated as a thin bilateral hyperechogenic line surrounding the
hypoechogenic optic nerve (Fig. 7). Due to trabecular structures in this compartment the
optic nerve sheat (ONS) reflects a high fraction of ultrasonic energy, while the optic nerve
runs in line with the ultrasound beam without reflection. The ONSD is measured 3 mm
behind the optic disc by measuring the distance between the hyperechogenic borders of the
ONS (Fig. 7). Most authors suggest normal values < 5,0 mm for patients > 1 year (Ballantyne
et al. 2002; Blaivas et al. 2003; Girisgin et al. 2007; Helmke and Hansen 1996; Newman et al.
2002; Tayal et al. 2007; Tsung et al. 2005). A reliable cut-off value to predict an ICP >
20cmH>0 seems to be 5,7-6,0 mm with a sensitivity of 87-95% and a specificity of 79-100%
(Geeraerts et al. 2007; Geeraerts et al. 2008; Soldatos et al. 2008; Watanabe et al. 2008). A
meta-analysis of six studies having compared the reliability ONSD-measurements with
classical invasive ICP monitoring in patients with intracranial hemorrhage and traumatic

13:21:32
15L8-S Ii
IEXNGE | 40mm
Ophtalmikg
General |

|
74dB  S1/+2/2/2
Verst= ~1dB  a=1

Speicher(l

Distanz = 0.291¢cm
e
Distanz = 0.636cm

Fig. 7. Measurement of optic nerve sheath diameter using ultrasound: the optic nerve sheath
is demonstrated as a thin bilateral hyperechogenic line surrounding the hypoechogenic
optic nerve. The diameter is calculated by the distance of the two cursors named “2”.
Normal values range from 5,7-6,0 mm with a definitely pathologic diameter in this patient
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brain injury also showed a good accuracy of the ultrasound technique. The pooled
sensitivity for the detection of raised ICP was 90% (Dubourg et al. 2011). In the hands of
experienced sonographers and standardized examination procedures several studies
demonstrated a high intra- and interoberserver reliability (Ballantyne et al. 2002; Helmke
and Hansen 1996).

Apart from the above mentioned symptomatic causes of raised ICP in idiopathic intracranial
hypertension (IIH), also often referred to as pseudotumor cerebri, the mechanism of ICP
increase are still not well understood. Classically patients, often obese women during
childbearing age, present with headache and loss of visual acuity or visual field deficits
(Degnan and Levy 2011). Though not being a life threatening condition it is still associated
with permanent, and partly severe, visual deficits (Friedman 2001; Lueck and Mcllwaine
2002; Rowe and Sarkies 1998; Wall 2010). Visual symptoms are thought to be due to
transient or permanent ischemic damage to the optic nerve caused by pressure (Jaggi et al.
2010; Wall 2010). Regular ophthalmologic follow-up examinations with visual acuity tests
and fundoscopy are recommended, and patients often need to reduce weight and need to be
treated with diuretic drugs (esp. acetazolamide), regular lumbar punctures or even
operative shunt techniques.

Béuerle et al. performed a prospective study to evaluate the immediate correlation of optic
nerve diameter (OND), ONSD and papilledema with CSF-pressure reduction caused by
therapeutic lumbar puncture in patients with IIH. Patients with IIH showed a significantly
enlarged ONSD (6.4 £ 0.6 mm bilaterally) compared with healthy individuals (5.4 + 0.5 mm)
and a significant decrease in ONSD (right ONSD 5.8 + 0.7 mm, p < 0.004; left ONSD 5.9 + 0.7
mm, p < 0.043) 24 hours after lumbar puncture (Bauerle and Nedelmann 2011). In some
patients with ITH, though, the ONSD did not change at all after lumbar puncture. This could
be an effect of a postulated optic nerve compartment syndrome, an idea which first came up
with persistent papilledema and visual disturbance in IIH-patients despite a functioning
lumbo-peritoneal shunt (Kelman et al. 1991). Pathologic changes in trabecular structures of
the ONS might interfere with the physiologic bidirectional flow of the CSF to the basal
cisterns leading to persistent optic disc swelling (Killer et al. 2007). Years ago, Ossoinig
suggested the use of the stretch-test (originally called the "30 degrees-test"): in widened
optic nerve patterns due to fluid around the optic nerve parenchyma, a decreased optic
nerve thickness was observed after performing the stretch-test (positive test result), whereas
in solid lesions of the optic nerve no change of optic nerve thickness was found (negative
test result) (Haritoglou et al. 2002). In patients with increased ICP due to any cause, either
ophthalmoscopic evaluation or bilateral retrobulbar wultrasound is mandatory, as
asymmetric and unilateral papilledemae in patients with IIH are well described (Seggia and
De Menezes 1993). In addition, Bauerle et al. did not find any correlation of papilledema and
OND with CSF reduction in the short-term follow-up. Due to anatomic reasons the anterior
segment of the ONSD responds quickly to changes of CSF pressure. This is a particular
advantage of retrobulbar ultrasound compared to funduscopic re-evaluations, as changes
behind the level of the optic disc cannot be visualized by the latter technique.

Although papilledema does not quickly respond to changes in CSF-pressure it is a
manifestation of chronic ICP-increase (Villa et al. 1997) and other diseases as optic neuritis
(Ashurst et al. 2010) for example.
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To find a proper scanning plane, the probe is set as described above, with a good view on
the optic nerve in the axial plane. The plane with the maximum disc elevation or excavation
is selected, the measurements are performed in the “freeze” mode: disc elevation is
quantified by putting the first caliper on the uppermost part of the swollen disc, the second
caliper is positioned on the strongly reflecting line representing the lamina cribrosa (Fig. 8).

10:09:36
15L8-S8 |
IENERE  135mm
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Fig. 8. Measurement of papilledema using ultrasound: disc elevation is quantified by
putting the first caliper on the uppermost part of the swollen disc, the second caliper is
positioned on the strongly reflecting line representing the lamina cribrosa

In patients with IIH the severity of disc swelling seems to have prognostic implications as
well: in a combined retrospective and prospective study Wall et al. found a significant
correlation of the severity of papilledema in patients with asymmetric papilledema and IIH,
and their visual deficits (Wall and White 1998). This underlies the importance of regular
follow-up quantification of optic disc swelling in these patients. Quantification of optic disc
swelling is a reliable and reproducible technique, which was demonstrated by Tamburelli et
al (Tamburrelli et al. 2000). In their study, data from patients with IIH taken by a confocal
scanning laser ophthalmoscope were compared to ultrasound measurements demonstrating
a good correlation. The mean depth measurements ranged from 0.68 to 2.01 mm (1.17 +/-
0.38 mm) and were comparable to those quantified by a confocal scanning laser
ophthalmoscope (0.45 to 1.23 mm (0.93 +/- 0.24 mm)) (Tamburrelli et al. 2000).

Retrobulbar sonography is an inexpensive, quick, safe and reliable tool to monitor ICP
changes. It is relatively easy to learn compared to transcranial duplex sonography, which
improves inter-observer reliability. Still, in critically ill patients, invasive ICP measurement
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techniques remain the gold standard but can be complemented by using orbital ultrasound.
In IIH ONSD measurements are a suitable alternative to funduscopy for non-
ophthalmologists in the long-term follow up.

5. Miscellaneous

In clinical practice the neurologist is sometimes faced with the problem to discriminate
between papilledema and pseudopapilledema. Papilledema is a correlate for raised ICP. A
complete diagnostic workup to find the underlying cause is mandatory.

A common cause for pseudopapilledema are optic disc drusen. They can be an incidental
finding in routine ophthalmologic exams. Most optic disc drusen remain asymptomatic
(Davis and Jay 2003), but upon thorough investigation visual field defects can be detected in
up to 90% (Gaynes and Towle 1967; Savino et al. 1979). The funduscopic discrimination
between papilledema and pseudopapilledema is not trivial, as the term
“pseudopapilledema” already indicates. Typical signs of true papilledema in funduscopy
are cotton wool spots, multiple hemorrhages around the disc, hyperemia, venous
congestion, and exudates.

Drusen consist of calcific dispositions in the optic nerve head and can be depicted as high-
reflectance spots in the anterior optic nerve, especially after lowering the gain. Therefore
retrobulbar b-mode-sonography can help to confirm the diagnosis of optic disc drusen if the
fundoscopy is not decisive (Fig. 9).

Fig. 9. Optic disc drusen seen in funduscopy and high-resolution ultrasound: (a) B-mode
sonography: calcific dispositions in the optic nerve head representing optic disc drusen.
(b) Fundoscopy: nasally located superficial drusen, blurred rim of optic disc, optic disc
edema and hyperemia
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