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Ocular complaints are common in medicine and getting the correct diagnosis is crucial in
saving your patient’s vision. However, fundoscopic eye exams using an ophthalmoscope
are frustratingly difficult to perform and can miss ocular emergencies.

Point of care Ocular/Eye Ultrasound is a quick and non-invasive way to evaluate for the
most common ophthalmic pathologies with very high sensitivity and specificity (Blaivas et
al).

In this post, we will show you a step-by-step approach on how to use Ocular/Eye
Ultrasound to:

1. Perform an ultrasound exam of the eye

2. Learn Ocular Ultrasound Anatomy

3. Detect the most common atraumatic and traumatic eye pathologies
4. Estimate intracranial pressure

After learning these principles, you will be able to use Point of Care Ocular Ultrasound to
tackle any ocular complaints with ease! In addition, we made an Ocular Ultrasound PDF
Pocket Card you can download as well.
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Pathology lllustrations adapted from ddxof: Ocular Ultrasound by Tom Fadial, CC BY-SA
4.0

Indications and Contraindications

Ocular Ultrasound Indications

e Vision Loss

Change of Vision

Acute Eye pain

Ocular Trauma

Intraocular Foreign Body

Suspected Elevation in Intracranial Pressure

Ocular Ultrasound Contraindication

The main contraindication to performing ophthalmic ultrasound is if a patient has a globe
rupture. It is advised to refer any of these suspected patients immediately to an
opthalmologist. However, some resources state ocular ultrasound may cautiously be
performed if there is a copious amount of gel placed and no pressure is applied to the eye
(Kilker 2014). Please use your institutional guidelines.
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Ocular Ultrasound Preparation

Patient Preparation

o The patient may be fully supine or head of the bed can be elevated up to 45°

o Optional: Place a Tegaderm patch over the closed eye of interest

* Apply a generous amount of ultrasound gel on the closed eye or on top of the
Tegaderm patch. This ensures the ultrasound probe does not contact or put too
much pressure on the patient’s eye

Generous Amount of Gel

Ocular Ultrasound Machine Preparation

e Transducer: Linear Ultrasound Probe

e Preset: Ocular (B scan) or Superficial Preset

e Depth: Approximately 4 cm

¢ Ocular Ultrasound Machine Placement: Place the ultrasound machine on the
patient’s right side so you can scan with your right hand and manipulate ultrasound
buttons with your left hand
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Patient and Machine Positioning

Step-by-Step Ocular Ultrasound Protocol

In this section, you will learn a step-by-step approach on how to use ultrasound of the eye
to detect normal ocular structures in the transverse and sagittal views, assess for extra-
ocular movements, and measure the optic nerve sheath diameter to estimate intracranial
pressure.

Step 1: Anchor the Probe

In addition to a generous amount of gel, it is important to anchor your probe to decrease
the amount of pressure applied to the patient’s eyes.

Grasp the linear probe and anchor your fingers on a bony surface of the patient’s
face.

The example below assumes using the right hand to scan the patient.

For the Right eye, anchor your right pinky finger on the patient’s nose.

For the Left eye, anchor your right pinky finger or palm on the zygomatic arch.



Left Eye — Anchor on Zygomatic Arch

Step 2: Obtain Transverse View

Place the probe lightly on the gel covering the patient’s eye with the probe indicator
pointed towards the patient’s right to obtain a transverse view.


https://www.pocus101.com/ultrasound-machine-basics-knobology-probes-and-modes/#Ultrasound_PROBE_Indicator_(Orientation_Marker)_Position
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Ocular Ultrasound Probe Position — Transverse View

Identify the following ocular ultrasound anatomy from anterior to posterior:

e Eyelid

e Anterior Chamber

e Lens

e lris

¢ Vitreous Body

e Retina

o Optic Nerve

» *Make sure to tilt/fan through the entire eye
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Assess for Extraocular Movements

Next, ask the patient to look left and right to evaluate for extraocular movements.
This is important when patients have severe periorbital edema from facial trauma.
o In the transverse view, you are looking for MEDIAL and LATERAL (or Left and
Right) movements of the eye.
o Increase the gain slowly to better detect intraocular pathologies such as
mobile findings of retinal detachment, posterior vitreous detachment, or

vitreous hemorrhage.

Extraocular Ocular Movement on Ultrasound

Step 3: Obtain Sagittal View

Next, turn the probe 90° clockwise so the indicator points superiorly towards the
patient’s head to obtain a sagittal view. Identify the same structures you found in the

transverse view.
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Then, have the patient look up and down and increase the gain slowly to assess for
symmetric extra-ocular movements and to rule out intraocular pathology.

In the sagittal view, you are looking for Superior and Inferior (or Up and Down)
movements of the eye.

Step 4: Measure Optic Nerve Sheath Diameter (ONSD)

The Optic Nerve Sheath Diameter (ONSD) is an important measurement that can be
used to detect elevated intracranial pressure (ICP).

 In the transverse view, rock the probe about 10-15° laterally to visualize where the
hypoechoic (darkly colored) optic nerve radiates away from the base of the globe
(see figure below).
Tip: If you do not see the ocular nerve immediately, tilt the probe up and down
until it comes into view.
» Once you have a good view, freeze the image.
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Optic Nerve

Use the caliper function to measure 3 mm (.3cm) posterior to where the optic nerve
sheath attaches to the retina. This is the location where you will use to measure
your optic nerve sheath diameter.
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Next, use the calipers again to measure the outermost lateral borders of the optic
nerve sheath (anechoic border). The figure below measures the ONSD diameter to
be 4.68mm (.468cm).
To obtain better accuracy, you can obtain a few measurements and take the
average of the ONSD values.
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Interpretation of Optic Nerve Sheath Diameter (ONSD)

e In adults, an ONSD < 5 mm indicates that the patient has a normal optic nerve
width and a normal intracranial pressure (ICP) value of <20 cm H,O. However, if the
ONSD > 5 mm, you will not be able to correlate this with an exact ICP value; all this
tells you is that the ICP is elevated (Kilker, et al).

o Below is a quick table regarding normal ONSD measurements for adults vs

children:

Editor’s Note: To remember how to measure ONSD, think of a 3x5 index card. You need
to measure 3 mm posterior to the globe and >5 mm indicates a high ICP.

Age Category (Years) Normal ONSD Measurement

Adults (16+) <5mm
Children (1-15) <4.5mm
Children (<1) <4 mm

Normal ONSD by Age (Adapted from Kilker et al)

Think of a 3x5 card for ONSD!

Video Summary of Ocular Ultrasound

Here is a brief video summarizing how to do the ocular ultrasound exam:



Probe: Linear
Mode : Ocular
View: Eye

Watch Video At: https://youtu.be/P8cYLMHjqY8

Ocular Ultrasound Pathology Overview

In this section, we will go over the ocular pathology related to the 3 most common ocular
presentations for vision change:

1. Painless Vision Loss
2. Traumatic Vision Loss

3. Elevation of Intracranial Pressure (Intracranial hemorrhage and Pseudotumor
Cerebri)

The Ocular Ultrasound PDF Pocket Card below can be used as a reference guide as
you go through the different ocular pathologies (click HERE to download the PDF):
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Painless Vision Loss

Retinal Detachment (RD)

A retinal detachment is defined by a separation of the sensory retina from the underlying
retinal pigment epithelium. This cuts off the blood supply to the rods and cones in the eye
and can cause permanent vision loss. A retinal detachment is an ocular emergency that
must be referred immediately to an ophthalmologist (Ghazi & Green).

A patient with a detached retina typically presents with painless, fixed visual field loss,
new floaters, or flashes (photopsia) with the perception of a curtain coming down (inferior
detachment) or up (superior detachment). Unfortunately, fundoscopy using a direct
ophthalmoscope is limited and can miss retinal detachments.

There are three maijor types of retinal detachment (rhegmatogenous, traction, and
exudative):
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Retinal Detachment Types (lllustration by Dr. Stephanie Tseeng)

Ocular ultrasound is both sensitive and specific for diagnosing retinal detachments. While
distinguishing between the 3 types of retinal detachment is important from a treatment
standpoint, ocular ultrasound should not focus on distinguishing between them. The
primary purpose of POCUS is to be able to diagnose a retinal detachment and then allow
the ophthalmologist to help definitively diagnose the retinal detachment type and
treatment option.

Retinal Detachment Ultrasound Findings

On B scan (B mode), ocular ultrasound retinal detachment is best visualized in normal
and often low gain settings. A retinal detachment looks like a thick/hyperechoic
membrane lifted off of the posterior surface of the globe that floats and moves with the
patient’s eye movement.

If the retinal detachment is large, the hyperechoic membrane will be tethered to the optic
nerve. However, if the retinal detachment is small or not near the optic nerve, the
hyperechoic membrane will be tethered closely to the back wall of the eye and will not
move much with eye movement. It is important to scan the eye in multiple axes
(transverse and sagittal) to detect small retinal detachments.


http://www.llu.edu/pages/faculty/directory/faculty.html?eid=1a5a9d5

Retinal Detachment

Attached to
Optic Nerve

POCUS 10

Ocular Ultrasound Retinal Detachment Illustration
See below for an ocular ultrasound retinal detachment image and video. Notice how the

retinal detachment is tethered to the optic nerve as the patient moves their eye.



Ocular Ultrasound Retinal Detachment Attached to Optic Nerve



Ocular Ultrasound Retinal Detachment Video

Posterior Vitreous Detachment (PVD)

A posterior vitreous detachment (PVD) occurs when the vitreous body separates from the
posterior portion of the normal retina, but the retina is still intact.

There is a higher prevalence of PVD in elderly and myopic patients. Patients with
posterior vitreous detachment (PVD) often present with fluctuating cloudy vision, acute
floaters, and brief flashes (photopsia).

Posterior Vitreous Detachment Ultrasound Findings

On ocular ultrasound, posterior vitreous detachment looks like a thin, hyperechoic
membrane lifted off the posterior surface of the globe that is NOT tethered to the optic
nerve. The membrane will freely move with ocular movements in an undulating fashion,
like “swaying seaweed.”
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Posterior Vitreous Detachment Illustration

Posterior Vitreous Detachment on Ultrasound (Radiopaedia)

Differentiating RD and PVD with Ocular Ultrasound

Retinal detachment and posterior vitreous detachment can present with similar symptoms
but the management and prognosis between the two conditions are very different.


https://radiopaedia.org/cases/10009

While retinal detachment is an ocular emergency, posterior vitreous separation is
generally not. Ultrasound of the eye can help diagnose and distinguish between Retinal
Detachment and Posterior Vitreous Detachment but an urgent/emergent ophthalmology
consult should be placed to definitively differentiate between the two.

If you see a hyperechoic membrane tethered to the optic nerve, this is a retinal
detachment. However, if the hyperechoic flap is along the posterior wall of the eye and
not tethered to the optic nerve, this could be a retinal detachment or a posterior vitreous
detachment.

The table below shows the differences between retinal detachment and posterior vitreous
detachment:

Retinal Detachment Posterior Vitreous

Detachment

Emergency Yes No

Referral Needed

Vision Changes  Constant vision loss Fluctuating vision blur

Optic Nerve Hyperechoic line most often attached Hyperechoic line is not

Sheath to the optic nerve sheath (unless RD is  attached to the optic

Attachment not right next to optic nerve) nerve sheath

Mobility with eye  Less mobile: adheres closely to wall Very mobile; undulates

movements like “seaweed”

Thickness Thick folded membrane Thinner, smooth folded
membrane

Vitreous Hemorrhage (VH)

Vitreous hemorrhage occurs when extravasated blood is inside or around the vitreous
humor of the eye. This can occur from damage to normal blood vessels, growth of
abnormal blood vessels, or bleeding from other parts of the eye.

Symptoms of vitreous hemorrhage include sudden, painless vision loss, photophobia, and
the perception of shadows and cobwebs floating in front of their eyes. Sometimes,
patients describe their vision as worse in the morning because blood has settled at the
back of their eye during the night.
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Vitreous Hemorrhage lllustration

Vitreous Hemorrhage Ultrasound Findings

On ophthalmic ultrasound, vitreous hemorrhage looks like echogenic material in the
posterior chamber. If you ask the patient to move their eye on ophthalmic ultrasound,
vitreous hemorrhage is best visualized with normal or high gain settings. Vitreous
hemorrhage looks like echogenic material in the posterior chamber. If you ask the patient
to move their eye side-to-side, you may see the washing machine sign, where the
echogenic material appears to swirl like clothes in a washing machine.



Vitreous Hemorrhage

Vitreous hemorrhage with “Washing
Machine” sign

Central Retinal Artery Occlusion (CRAO)

The central retinal artery (CRA) is a branch of the ophthalmic artery that travels within the
optic nerve to supply blood to the retina. Occlusion of the central retinal artery is an
ophthalmic emergency as the remaining posterior ciliary artery cannot sufficiently supply



the retina’s needs. Emergent Opthalmology consult must be placed and hyperbaric
oxygen therapy may be required.

Central Retinal Artery (lllustration by Dr. Stephanie
Tseeng)

Central Retinal Artery
Occlusion
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CRADO lllustration with only Venous Flow
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CRAO commonly occurs from carotid artery atherosclerosis and plague embolism. Some
contributing risk factors for include diabetes, hypertension, cardiovascular disease, and
hyperlipidemia (Varma et al).

Patients with CRAO usually have sudden, painless monocular vision loss. If you suspect
CRAQ, it is important to measure the blood pressure as there is a strong relationship
between CRAO and hypertension (Varma et al). Another important area to assess is the
radial pulse rate and rhythm. Atrial fibrillation has a high risk for embolisms and can be
detected as an irregularly irregular pulse.

Central Retinal Artery Occlusion (CRAO) Ultrasound Findings

CRAQO is a rare finding and requires color Doppler mode to diagnose with ocular
ultrasound. On the ocular ultrasound exam, you will find diminished or absent flow of the
central retinal artery (see below). You may also only see flow from the central retinal vein
(blue on color Doppler) with absent central retinal arterial flow (red on color Doppler)

(Editor’s Note: In some circumstances, you may also still see some arterial flow on color
Doppler from the posterior ciliary artery, even though the central retinal artery is occluded)

Normal Flow of Central Retinal Artery and Vein (gif: TPA)


https://www.pocus101.com/ultrasound-machine-basics-knobology-probes-and-modes/#Color_Doppler_Mode
https://www.thepocusatlas.com/ocular/pfnhgf5fsh5rohpf5mykdv9iizthk1

Central Retinal Artery Occlusion with only Venous Flow (gif: TPA)

Intraocular Masses

Intraocular masses are rarely detected and diagnosed in the Emergency Department
(ED). Masses can be benign or malignant with retinoblastoma being the most common
primary malignant intraocular tumor in kids and melanoma in adults (Bornfield, Loe).
When fundoscopic exams are limited, ultrasound provides an easy, accessible way to
diagnose ocular masses. Patients with intraocular masses can present with symptoms of
headache, neurological complaints, and vision loss and changes.

Ocular ultrasound has significant value when time and ocular equipment are limited
especially in the ED (Blavias). Additionally, findings such as severe periorbital swelling
may limit or prevent a fundoscopic exam.

In one case report on ocular melanoma, a patient presented with headaches along with
hearing and visual deficits. Her fundoscopic exam demonstrated decreased visual acuity
and red reflex, but the rest of the exam was limited. US was used and showed a
hypoechoic mass in the right posterior eye, which led to an orbital CT and ophthalmology
consult and admission (Loe).

Intraocular Mass ultrasound findings:

On ocular ultrasound, you will visualize a mass that can present with various
echogenicities. Retinoblastoma often show microcalcifications (Brennan et al 2012).
Whenever performing ocular ultrasound, only minimal pressure should be applied to
avoid increases in intraocular pressure and vagal-type responses.


https://www.thepocusatlas.com/ocular/pfnhgf5fsh5rohpf5mykdv9iizthk1-jc9df

Intraocular Mass

Traumatic Vision Loss

Retinal Detachment

Traumatic Retinal Detachments will have similar ocular ultrasound findings to atraumatic
retinal detachments as described above.



Retinal Detachment

Attached to
Optic Nerve

A\
Arocus 101

Retinal Detachment lllustration (traumatic)

Intraocular Foreign Body (I0FB)

Foreign bodies can enter the eye and lead to globe rupture, infection, retinal toxicity, and
vision loss if not removed (Pinto et al).

These patients often present with a painful foreign body sensation in the eye, decreased
vision, redness, tearing, flashes, or floaters.

Intraocular Foreign Body Ultrasound Findings

On ocular ultrasound, you can find a bright, hyperechoic object with an associated
reverberation artifact (if object is metallic).



Intraocular Foreign Body
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Intraocular Foreign Body lllustration

Intraocular Foreign Body (Shiver 2005)

Globe Rupture

Globe rupture occurs when a blunt or penetrating trauma disrupts the integrity of the outer
membranes of the eye. Traumatic globe rupture is a major ophthalmologic emergency
and must be referred to ophthalmology immediately.



These patients present with painful vision loss and extrusion of vitreous fluid.

Globe Rupture
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Globe Rupture lllustration
(Editor’s Note: Some may say globe rupture is a relative contraindication to ocular
ultrasound. Use extreme care and copious amounts of gel if you are attempting
ultrasound on a patient with suspected globe rupture. Any additional pressure on the eye
from the transducer can worsen extrusion of the vitreous humor.)

Globe Rupture Ultrasound Findings

On ocular ultrasound, you may find buckling of the sclera, asymmetric loss of the
normal spherical shape of the globe, decreased size of globe, flattening or compression
of the anterior chamber, or often have vitreous hemorrhage (Kilker et al).



Globe Rupture Video

Lens Dislocation

Lens dislocation typically occurs after blunt or penetrating trauma and can be partial
(subluxation) or complete lens dislocations.

These patients often present with a change in vision (blurring, double vision, seeing the
edge of the lens) and normal pupillary response.



Lens Dislocation Ultrasound Findings

On ocular ultrasound, you will see the lens as a bi-convex structure with hyperechoic
borders floating posteriorly in the vitreous body.

Lens Dislocation

| O%ocus 101

Lens Dislocation lllustration

Lens dislocation (gif:TPA).


https://www.thepocusatlas.com/ocular/vexkjvf4c8qpz8fqpmghaf91rn0lc6

Retrobulbar Hemorrhage

Retrobulbar hemorrhage is a rare finding that occurs when blood accumulates in the
retrobulbar space, often from orbital trauma or postoperative complications from eye
surgery.

This condition is an ocular emergency as the quick elevation of retro-orbital pressure can
cause reduced circulation, ischemia, and finally necrosis of the optic nerve with
irreversible blindness (Roque et al).

Patients often present with sudden-onset pain, proptosis, conjunctival edema, or limited
extra-ocular movements.

Retrobulbar Hemorrhage Ultrasound Findings

On ocular ultrasound, you may see a “Guitar Pick Sign” where the increased pressure
from the retrobulbar hematoma distorts the spherical globe into a conical shape (Kilker et
al).

Retrobulbar Hemorrhage
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Retrobulbar Hemorrhage lllustration



Retrobulbar Hemorrhage with “Guitar Pick Sign” (Kilker 2014)

Periorbital Edema

Certain types of trauma can cause significant enough periorbital edema that it can be
challenging to retract the eyelids of patients. It is important to assess extraocular eye
movements to detect muscular entrapment or cranial nerve defects (Harries et al).

Periorbital Edema

Swelling of
g Eyelid
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Periorbital Edema llustration



Significant Periorbital Edema (Harries 2010).

Evaluation of Elevated Intracranial Pressure/Papilledema

Elevated intracranial pressure (ICP) may be a sign of a serious or life-threatening medical
condition and it may be helpful to augment the fundoscopic exam with ultrasound to
evaluate for papilledema which can be from a chronic increase in intracranial pressure.

Intracranial Pressure Evaluation with Ocular Ultrasound

Ultrasound of the optic nerve sheath diameter has proven to be a reliable, non-invasive,
and rapid method to estimate ICP measurement. Any elevation in ICP causes distension
of the ocular nerve sheath (>5mm) likely within minutes, making it a prime way to
measure ICP in emergent situations (Rajajee et al).

Papilledema Evaluation with Ocular Ultrasound

If the ICP is chronically elevated, the cerebrospinal fluid will accumulate within the
enlarged optic nerve and cause the optic disc to be raised and bulge into the retina. The
combination of a widened ONSD along with optic disc edema is known as papilledema.

On ocular ultrasound, papilledema presents with an ONSD > 5 mm and an optic nerve
disc bulging of more than 0.6 mm (Teismann et al). This differs from an acute elevation in
ICP which only shows an ONSD > 5 mm on ultrasound.

Papilledema can be caused by brain masses, hydrocephalus, stroke or idiopathic
intracranial hypertension/pseudotumor cerebri. The presence of unilateral papilledema
can signal rare etiologies such as optic neuritis.



Differences between Elevated ICP, Papilledema, and Pseudopapilledema

It is important to note that optic disc edema doesn’t always correlate with chronic ICP
elevation leading to papilledema. Pseudopapilledema is a benign elevation of the optic
nerve head that has no related elevation in ICP. This condition often occurs if there is a
small crowded optic nerve head, tilted optic disc, or optic nerve head drusen (Chiang et
al).

Below is a table showing the differences between elevated ICP, Papilledema and
Pseudopapilledema.

Acutely Elevated Papilledema Pseudopapilledema
ICP

ICP Acutely high Chronically high ~ Normal

ONSD >5mm >5 mm Normal

Optic Disc Normal > 0.6 mm > 0.6 mm

Bulging

Example Early intracranial Pseudotumor Small crowded optic nerve
hemorrhage cerebri head

In the upcoming sections, we will focus on the two most common pathologies of
increased ICP and/or papilledema: intracranial hemorrhage and pseudotumor cerebri
(idiopathic intracranial hypertension).

Intracranial Hemorrhage

Intracranial hemorrhage occurs when a blood vessel within the skull ruptures or leaks.
This condition can occur with physical trauma from a head injury or a ruptured aneurysm.
The rapid build-up of blood can increase the ICP so quickly that permanent brain damage
can occur if the pressure is not alleviated.

Oftentimes, these patients are comatose and will need emergent lowering of their ICP
using pharmacologic (mannitol and hypertonic saline) or neurosurgical decompression.

Intracranial Hemorrhage Ultrasound Findings

On ocular ultrasound, you will find elevated ONSD measurements > 5 mm. Because
ultrasound scanning for this condition is often done soon after trauma, there may not be
enough time for the elevated ICP to progress to papilledema. Therefore, it is unlikely to
see optic disc bulging from an acute intracranial hemorrhage on ultrasound. This
contrasts with chronically increased intracranial pressure where the optic nerve swelling
can be visualized with ultrasound.
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Pseudotumor Cerebri (Idiopathic Intracranial Hypertension)

Pseudotumor cerebri syndrome occurs when there is raised intracranial pressure but no
known etiology (Mollan et al).

These patients present with headaches that are typically worst in the morning when they
wake up or when they are lying down (Chiang et al). Some other symptoms can include
transient vision loss, diplopia, pulsatile tinnitus, nausea, or vomiting. Idiopathic intracranial
hypertension (lIH) predominately affects overweight women of childbearing age (Chiang
et al).

This disorder needs to be rigorously monitored to ensure the ICP is not elevating to levels
dangerous enough to cause visual loss. Neurology consult and lumbar puncture are
recommended after brain imaging to rule out any brain abnormalities. Treatment with a
lumbar puncture to remove excess CSF has been shown to significantly reduce the mean
ONSD, indicating that this procedure can lower the ICP to normal values (Bauerle &
Nedelamnn).

Pseudotumor Cerebri (Idiopathic Intracranial Hypertension) Ultrasound
Findings

On ocular ultrasound, you will find elevated ONSD measurements > 5 mm. Because this
is typically a chronic condition, patients often have signs of Papilledema with optic disc
bulging/elevation.

Pseudotumor Cerebri
(Idiopathic Intracranial Hypertension)

N—

Optic Disc
Elevation

Papilledema lllustration



Papilledema on Ocular Ultrasound (Stone 2009)
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