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Abstract

Background

Determining the precise location of intraocular foreign bodies is cru-
cial for the management of patients with open-globe injury. Computed
tomography is the most common method for detecting intraocular for-
eign bodies in the posterior segment. In this article, we describe three
cases of open-globe injury with different types of intraocular foreign
bodies in the posterior segment that were accurately located using com-
puted tomography scans and B-scan ultrasonography.

Case presentation

Each of the three cases of open-globe injury described in this report
had different types of ocular trauma, clinical symptoms, and intraocu-
lar foreign bodies. Computed tomography scans showed the exact lo-
cation of the intraocular foreign bodies in the posterior segment in two
of the three cases. A B-scan ultrasound was used to determine the lo-
cation of a non-metallic intraocular foreign body in the third case. All
three patients had intraocular foreign bodies, and one of them had an
additional orbital foreign body. Case 1 had a perforating eye injury
with the additional intraorbital foreign body; Cases 2 and Case 3 had
different types of intraocular foreign bodies and prognoses. Various
treatment approaches were used, ranging from observation to surgery,
depending on the location of the intraocular foreign bodies, and all

cases were successfully managed. These three cases show that proper use of various types of imaging tests is indispensable in the

context of an intraocular foreign body related to open-globe injury.
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Conclusion

Imaging techniques are crucial for the detection of an intraocular foreign body, and computed tomography is one of the simplest

and most useful, especially in cases of open-globe injury.

Main message

e  Choosing the best imaging technique for the detection of an intraocular foreign body is crucial, and computed tomogra-

phy scanning is one of the simplest and most effective means of determining the precise location of most types of intra-

ocular foreign bodies related to open-globe injuries.

Background

Open-globe injury usually results in serious visual loss and imposes
a significant economic burden on the patient and society'. Intraocu-
lar foreign bodies are present in 18% to 40%? of all penetrating oc-
ular injuries and often occur in the workplace, especially where ham-
mers, chisels, or other tools are used, and in any context with metal
striking metal. Most intraocular foreign bodies (88%) are found in
the posterior segment of the eye’. The extent of ocular injury and
visual prognosis depends on the size of the intraocular foreign body,
the zone of the injury, and the ensuing complications; therefore, ac-
curate localization of intraocular foreign bodies is essential for eval-
uating the severity of an ocular lesion and determining the best
course of management®’.

When the history of the mechanism of open-globe injury is typical,
suspicion for an intraocular foreign body is high, even with lack of
diagnostic evidence®. However, in some cases, despite meticulous ex-
amination, discovery of an intraocular foreign body may be difficult,
because scleral manipulation and depression cannot be performed in
an open globe. There are, however, many indirect signs of an intra-
ocular foreign body, such as the presence of a scleral or corneal lac-
eration with an iris defect, a focal cataract, or a vitreous track’. Use
of imaging procedures can facilitate the diagnosis of the presence of
an intraocular foreign body®. The most commonly used procedures
for determining the location of intraocular foreign bodies are com-
puted tomography, ultrasound biomicroscopy, and B-scan ultraso-
nography; the first method is considered the first-line imaging tool
and the most sensitive one for characterizing ocular trauma in pa-
tients with a suspected intraocular foreign body’. Ultrasound biomi-
croscopy is also a valuable tool when the location is suspected to be
in the anterior segment'.

In this report, we present three cases with different mechanisms of
open-globe injury and different types of intraocular foreign bodies
in the posterior segment. Computed tomography scanning and B-
scan ultrasonography were used to identify the exact location of the
intraocular foreign bodies and determine the status of the posterior
segment as well as the best approaches for further management.
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Case 1

An 18-year-old male victim of a firearms attack presented at our
clinic with a history of ocular trauma 5 weeks prior; he had experi-
enced what he described as a gunshot assault in which a fired bullet
apparently ricocheted off a rock nearby and struck his face and right
eye. After the impact, he noted severe vision loss and went to a
nearby hospital where he received topical and systemic treatment for
his facial injuries. He denied having systemic disease or ocular sur-
gery. At the time of our examination (five weeks later), he had a non-
reactive left pupil, and his visual acuity was light perception. Intra-
ocular pressure was 10 mm Hg in both eyes. Movement of both eyes
was full and free. Slit-lamp examination showed subconjunctival fi-
brosis in the right eye on the superior nasal side (suspected scleral
entrance wound) 3 mm from the limbus (zone II) and about 1 mm
in length. The cornea was clear and there was no cell or flare in the
anterior chamber. The lens was also clear but with some hematic im-
pregnation of the posterior capsule. During indirect ophthalmo-
scopic examination, a dense vitreous hemorrhage that obscured fun-
dus details was noted. B-scan ultrasonography (Figures 1A and 1B)
revealed diffuse medium- to high-reflective opacities in the vitreous
cavity of the right eye suggestive of an old vitreous hemorrhage, with
an apparently flat retinal detachment near the optic disc and some
high-reflective opacities with a mild acoustic shadow. An irregular
area of the posterior wall suggesting a scleral rupture near the disc
was also detected (Figures 1A and 1B). A perforating ocular injury
with a retained intraocular foreign body in the right eye was diag-
nosed and immediate vitrectomy with phacoemulsification, intraoc-
ular lens implantation, and a 360° buckling procedure was per-
formed. Intraoperatively, the entrance scleral wound was found at
the 1 o’clock position (3 mm from the limbus, with a length of 2
mm). There was dense vitreous and preretinal hemorrhage. The full-
thickness scleral exit wound was fibrotic, and there was an area of
subretinal fibrosis next to it; both the exit wound and the fibrotic
area were located on the nasal margin of the optic disc. The exit
wound was at the corresponding location of the entrance wound,
supporting the diagnosis of perforating globe injury. During vitrec-
tomy, posterior vitreous detachment that was already present was
completed, starting from the optic disc margin (the adherent cortical
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vitreous was carefully separated from the exit wound). Intraocular
laser photocoagulation was performed around the exit wound and
the subretinal fibrosis (Figure 1C). Cryopexy was applied over the
entrance wound and silicone oil was used as a tamponade during the
last phase of the procedure. An orbital computed tomography scan
showed a high-density rounded foreign body (Figures 1D and 1E)
next to the optic nerve of the right orbit and a small high-density
lesion in the posterior wall of the globe (exit wound) that indicated
the presence of an intrascleral foreign body. The intraorbital foreign
body was managed conservatively due to its posterior location and
the high risk of orbital and neurological complications from surgical
removal. The patient's best-corrected visual acuity was 20/200 one
week after the procedure and 20/100 at three-month follow-up.

Case 2

A 33-year-old male presented at our clinic complaining of progres-
sively blurred vision of the left eye, with stinging pain, after he had
hammered an iron plate 2 hours earlier. He denied having systemic
disease or ocular surgery. The initial best-corrected visual acuity in
his left eye was 20/40. Intraocular pressure was 11 mm Hg in both
eyes. Movement of both eyes was normal. Slit-lamp examination re-
vealed a self-sealed corneal perforation (between the 12 and 2 o’clock
positions; zone I) with an iris transillumination defect, and a lens
opacity with posterior capsular involvement at that level (Figure 2A).
During indirect ophthalmoscopic examination, central vitreous
hemorrhage with a metallic intraocular foreign body (approximate
length, 4.5 mm) in the temporal retina associated with a localized
retinal detachment was noted (Figure 2B). An orbital computed to-
mography scan showed one high-density image on the temporal site
of the globe with an approximate length of 4 mm (Figures 2D and
2E). A skull X-ray also confirmed the metallic foreign body on the
temporal site of the orbit (Figure 2F). B-scan ultrasonography was
not performed because the globe was open. A penetrating ocular in-
jury with a retained metallic intraocular foreign body and a traumatic
cataract in the left eye was diagnosed and immediate combined
phaco-vitrectomy was performed. The cornea was repaired and a
combined surgery with phacoemulsification, intraocular lens sulcus
implantation, and 25-gauge pars plana vitrectomy with intraocular
foreign body removal was performed. After cataract extraction with
phacoemulsification, and sulcus implantation of a three-piece intra-
ocular lens, the vitrectomy was performed and we found a central
vitreous hemorrhage. Posterior vitreous detachment was not present
and was therefore carried out starting from the optic disc margin (the
adherent cortical vitreous was carefully separated from the site of the
intraocular foreign body). The intraocular foreign body was located
in the temporal retina (between the 2 and 5 o’clock positions) with
a localized retinal detachment sparing the macula. Perfluorocar-
bon liquids were used to protect the macula and the metallic intra-
ocular foreign body (Figure 2G) was successfully removed with for-
ceps through the 4.0-mm corneal wound. Intraocular laser photo-
coagulation around the site where the intraocular foreign body was
located (Figure 2C) and vitreous base shaving were performed. A sil-
icone oil tamponade was used during the last phase of the surgery.
The postoperative course with topical corticosteroid and antibiotic
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treatment was uneventful. The patient’s best-corrected visual acuity
was 20/40 1 month after surgery, but 2 weeks later an inferior retinal
detachment appeared; the detachment was successfully managed and
a visual acuity of 20/200 was achieved at four-week follow-up.

Case 3

A 32-year-old male presented at our clinic after a facial and eye injury
caused by an explosion while handling a powder cartridge. He de-
nied having systemic or ocular diseases. The initial best-corrected
visual acuity was 20/20 in his left eye. His pupils were reactive and
intraocular pressure was normal in both eyes. Movements of both
eyes were normal. External examination showed multiple foreign
bodies embedded in the facial skin, most densely on the left side.
Slit-lamp examination of the left eye showed superficial and deep
stromal foreign bodies all over the cornea. The anterior chamber was
unaffected, and the lens was clear. The temporal conjunctiva showed
multiples foreign bodies with some tissue scarring (Figure 3A). A di-
lated funduscopic examination showed a small and mobile foreign
body in the vitreous cavity and no signs of inflammation, trauma to
the optic disc, macula, or retinal periphery (Figures 3B and
3E). Computed tomography scanning did not reveal the intraocular
foreign body clearly (Figure 3D) but B-scan ultrasonography showed
a free-floating intraocular foreign body in the vitreous cavity (Figure
3C). Due to the fact that we didn’t see any signs of inflammation or
infection, the suspected entrance (temporal site; zone II) wound was
sealed, and the patient had excellent visual acuity (20/20), we did
not perform any other procedures but maintained close observation
of this patient in follow-up (Figure 3E).

Discussion

This report describes three cases with different mechanisms of ocular
trauma, times of presentation, types of foreign bodies, prognoses,
and management. All three patients had intraocular foreign bodies,
and one of them had an additional orbital foreign body. The three
different types of ocular trauma were firearm injury (Case 1); metal
projectile injury (from hammering) (Case 2); and blast injury (from
a small powder explosive) (Case 3). Each case had a different prog-
nosis and required a different management approach. Case 1, who
presented more than one month after the ocular trauma, had mini-
mal ocular involvement with a small amount of scar tissue in the
sclera (zone II), no corneal laceration, and vitreous hemorrhage, with
poor initial visual acuity (light perception), and ended up with very
good vision (20/100). This patient also had a foreign body located
in the posterior orbit next to the optic nerve, clearly demarcated by
computed tomography scans, that was conservatively managed due
to high risk of orbital and neurological complications from surgical
removal''. Case 2 presented immediately after the ocular trauma,
and had a self-sealed corneal laceration (zone I) with a metallic intra-
ocular foreign body, central vitreous hemorrhage, and good vision
(20/40), but eventually had a retinal detachment, which was man-
aged with a second surgery. This patient ended up with 20/100 vi-
sion. Case 3 had a different type of intraocular foreign body (non-
metallic) with a different evolution and prognosis, with minimal oc-
ular involvement (small amount of scleral scar tissue, zone II) and
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good visual acuity that remained stable through follow-up. None of

the three patients presented endophthalmitis (Tables 1 and 2).

Table 1. Summary of three cases with intraocular foreign bodies in the posterior segment

MEI§

CASE 1 CASE 2 CASE 3
Gender/age Male/18 Male/33 Male/32
Eye/zone Right/zone 11 Left/zone Left/zone II
Time between injury and presen- 37 days 2 hours 2 days
tation
Material of IOFB Magnetic Magnetic Nonmagnetic
Clinical detection of IOFB SL (+), CT (+), B (+) SL (+), CT (+) SL (+), B (+)
Mechanism of trauma Perforating Penetrating Penetrating
IOFB entry route Sclera Cornea Sclera
Status of the wound Self-sealed Self-sealed Self-sealed
Traumatic cataract - Localized — peripheral -
Posterior lens capsule status Intact with hematic impregnation Compromised Intact
Preoperative retinal detachment Peripapillary location Localized around IOFB -
Post-operative retinal detach- - Yes (6 weeks) -
ment
Procedure performed Combined phacoemulsification- Combined phacoemulsifica- Observation

(25- gauge) vitrectomy with a 360° tion-(25-gauge) vitrectomy
encircling silicone band

Initial BCVA LP 20/40 20/20
Final BCVA 20/100 20/200 20/20

CT: computed tomography.

B: B-scan ultrasound.

LP: light perception.

IOFB: intraocular foreign body.
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Table 2. Comparative images of three cases with intraocular foreign bodies in the posterior segment.

CASE 1

CASE 2

B-scan ultrasound

Computed tomog-
raphy

Fundoscopy

The three cases reported above illustrate a variety of open-globe in-
jury presentations and prognoses. In the section below, we provide
an overview of various types of intraocular foreign bodies related to
open-globe injury, including characteristics, composition, and fre-
quency; available imaging tests and strategies for identifying, locating
and managing them, by type and composition; and important as-
pects to consider with regard to surgical intervention, including tim-
ing and approach.

Various types of intraocular foreign bodies, imaging tests, and
management strategies

The presence of intraocular foreign bodies following penetrating
globe injury is very common and can cause severe complications, in-
cluding cataract, glaucoma, uveitis, retinal detachment, and endoph-
thalmitis'?. Although the nature of the injury and the foreign object
can often be elicited from a detailed patient history, the severity of
the injury could be underestimated'?. Therefore, a meticulous exam-
ination and radiological investigation should be performed. Tradi-
tionally, open-globe injuries were subdivided into penetrating inju-
ries (presence of an entrance wound), perforating injuries (presence
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of an entrance and exit wound), lacerations, and blunt ruptures, with
or without a retained intraocular foreign body. According to the Oc-
ular Trauma Classification Group'®, entry sites of open-globe inju-
ries should be categorized according to the location of the most pos-
terior wound (zone I, for cornea; zone 11, for sclera, up to 5 mm
posterior to the corneoscleral limbus; and zone I1I, for sclera, more
than 5 mm posterior to the corneoscleral limbus)'*. The presence of
an intraocular foreign body does not always entail significant intra-
ocular damage outside of its entry site in the eye, but it is usually
associated with massive internal damage in any or all compartments
of the globe. Intraocular foreign bodies have been classified accord-
ing to their location (anterior or posterior segment), material char-
acteristics (metallic, magnetic, wood), size, mechanism of injury, set-
ting (work-related, battlefield), and duration (acute, longstanding)'“.
Injuries related to intraocular foreign bodies can be the result of di-
rect trauma through a mechanism of penetration/perforation
through the cornea, in the majority of cases (65%), the sclera (25%),
or the limbus (10%)>'>. In most cases the foreign bodies enter the
posterior segment (5% to 88%), with 10% to 15% remaining in the
anterior chamber and 2% to 8% remaining in the lens”'°. These data
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are compatible with our three cases, which all had foreign bodies in
the posterior segment and a scleral entrance site (zone II); only one
case also had entry of the foreign body in the peripheral cornea (zone

D.

Kuhn et al. showed that, in penetrating injuries, multiple intraocular
foreign bodies can be found in 8% to 25% of all cases, with an aver-
age size of 3.5 mm (0.5 to 25 mm)".

Intraocular foreign body composition varies from organic material
(e.g., insect parts and animal hairs) to glass, plastic, or metal, such as
zinc, nickel, aluminum, mercury, iron, and copper®. Broadly speak-
ing, intraocular foreign bodies can be divided into metallic or non-
metallic material, with different implications for each in terms of the
modality of diagnosis, risk of infection, and long-term visual prog-
nosis. Metallic intraocular foreign bodies comprise 55% to 91% of

>1819 and are associated with less risk for endoph-

all foreign bodies
thalmitis compared to organic material®® but may cause complica-
tions related to intraocular toxicity that can lead to acute and chronic

visual loss (from copper and iron foreign bodies respectively)*'.

Common types of non-metallic foreign bodies include wood, stone,
concrete, glass, and plastic. Glass and plastic are considered inert and
are therefore generally well-tolerated in the eye, but because both
materials (and many other non-metallic organic foreign bodies) are
commonly found in an outdoor setting, such as landscaping or gar-
dening (e.g., wood), they carry a higher risk of infection®>”*. Glass
intraocular foreign bodies are less common than other types of intra-
ocular foreign bodies, representing only 2.8% to 17.6 %>'#%%; the
most common cause of this type of ocular trauma is a motor vehicle
accident’.

In the management of all types of intraocular foreign bodies, ocular
imaging is crucial. B-scan ultrasonography, plain X-ray, computed
tomography, and magnetic resonance imaging are the methods most
commonly used in clinical practice. Selection of the most appropri-
ate imaging test depends on the suspected composition of the foreign
body and its location in the eye.

Plain X-rays have been used as a screening test for the presence of
foreign bodies in the eye and orbit for a long time; this method has
70% to 90% sensitivity for radiopaque fragments® but only 0% to
40% sensitivity for radiolucent particles (plastic, wood)**?; there-
fore, some foreign bodies can be missed with the use of this method.
On the other hand, in some cases, X-rays can reveal the presence of
multiple intraocular foreign bodies better than computed tomogra-
phy scans as thin cuts used in the latter method may miss small for-
eign bodies (< 0.5 mm)*?. Nonetheless, the inaccuracy of X-rays in
detecting some intraocular foreign bodies makes this detection
method debatable as an initial approach despite its wide availability
and simplicity of use.

Computed tomography scanning of the orbits without contrast is
the preferred method for cases of open-globe injury because it allows
for examination of orbital and facial bones, the retrobulbar space,
and both globes at the same time®. Thin axial and coronal views of
1.0- to 1.5-mm cuts of the orbit are very useful for delineating the
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shape and composition of the foreign body”. The composition of
the foreign bodies can be determined by measuring their Hounsfield
unit®. This noninvasive test is preferred because it can detect up to
100% of metallic intraocular foreign bodies greater than 0.05 mm?
62, requires little patient cooperation, and does not lead to globe
manipulation*’. The minimum detectable size varies by the compo-
sition of the foreign body (0.06 mm? for steel and copper and 1.5 to
1.8 mm’ for aluminum/car window glass; wood in small pieces will
most likely not be detectable unless it is coated with lead-containing
paint)®*3!.

Conventional and helical/spiral scanning are the types of computed
tomography used most frequently in open-globe injury cases. Con-
ventional scanning is more common due to its widespread availabil-
ity. Helical computed tomography allows for better evaluation of in-
traocular metallic, stone, and glass foreign bodies®*; other benefits of
this method compared to conventional tomography are decreased
examination time, less radiation exposure, better multiplanar recon-
struction, and reduced motion artifacts***. Helical tomography is
more sensitive than axial computed tomography, magnetic reso-
nance, and B-scan ultrasonography in detecting glass foreign bod-
ies*. Nevertheless, some intraocular foreign bodies, such as ceramic,
plastic, and wood, may be missed using computed tomography®. In
Case 3 reported above, for example, due to the nature of the foreign
body, computed tomography was not very useful.

B-scan ultrasonography should be used when a foreign body cannot
be visualized directly, or with a computed tomography scan (e.g.,
glass, plastic), and can be up to 98% sensitive detecting foreign bod-
ies with concurrent vitreous hemorrhage or retinal detachment*"3¢%.
Use of a B-scan has several advantages, including its high resolution
(0.01 to 0.1 mm), quick generation of multiple cross-sections, and
low cost, making it one of the most commonly used tests, but it must
be performed extremely carefully in eyes with open-globe injury be-
cause the pressure of the probe on the eye poses a risk of contamina-

tion or extrusion of globe material®>*®

. In Case 2, for example, we
decided not to carry out the ultrasound study because of the risk of
doing so in an open globe. In addition, an expert operator (someone
who can distinguish artifacts from foreign bodies) is required for use
of this method®. The inherent challenges with regard to visibility are
illustrated in Case 1, in which the presence of the dense vitreous
hemorrhage did not allow for identification of the foreign body. In
Case 3, however, ultrasound showed a greater utility than other

methods in identifying the non-metallic composition of the foreign

body.

Magnetic resonance imaging is not routinely used to detect intra-
ocular foreign bodies, despite its greater sensitivity and soft tissue
resolution, but may be useful for detecting radiolucent foreign bod-
ies[40]. When the type of foreign body is unknown, magnetic reso-
nance as the initial imaging test is contradicted due to the potential
danger of further tissue damage from possible movement of a metal-
lic foreign body within the magnetic field, and is therefore utilized
only when the presence of a metallic foreign body is ruled out. How-
ever, some metals, such as platinum, titanium, and tantalum, are
compatible with this technology® . In addition, some tiny (< 0.5
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mm) ferromagnetic bodies can only be detected by magnetic reso-
nance without causing ocular damage®. Moisseiev et al.*>, who de-
veloped an algorithm, reported that magnetic resonance was superior
to computed tomography for accurate detection of type of foreign
body; these and other results strongly suggest the use of magnetic
resonance imaging once the presence of a metallic foreign body has
been ruled out by computed tomography®#¢.

Metallic intraocular foreign bodies are usually identified and lo-
cated using computed tomography scanning. This method can de-
tect small metal foreign bodies (> 0.07 mm?), which appear as hy-
perdense images in up to 100% of cases®'. In B-scans they appear as
echo-dense signals with marked shadowing posterior to the foreign
body and may be surrounded by fibrous tissue®*”. The reported sen-
sitivity of B-scans for detecting metallic foreign bodies is up to
87%?"%. The composition of metallic foreign bodies is difficult to
determine using ultrasound; however, it has been observed that type
of artifact was related to type of metal, with aluminum correspond-
ing to a localized and narrow artifact ("lantern") and lead corre-
sponding to a broad and dense one ("lighthouse")*'. Computed to-
mography is usually preferred when the nature of the intraocular for-
eign body is unknown, regardless of whether the latter is metallic or
not. If the result of computed tomography is not conclusive or ap-
pears to be negative despite high clinical suspicion of an intraocular
foreign body, magnetic resonance and B-scan ultrasound imaging
may be useful in ruling out a foreign body®.

Non-metallic intraocular foreign bodies such as wood can be seen
as areas of either hypodensity or linear/cylindrical hyperdensity in
computed tomography?'; this inconsistency is related to the water
content in the wood fragments®'. In addition, in both computed to-
mography and magnetic resonance, wood may resemble air, appear-
ing hypodense and hypointense in CT scans and T2-weighted MRIs
respectively'>“. The geometric shape of the foreign body (e.g., ob-
long or elongated) may aid in the diagnosis and distinguish wood
from air®'. It has been reported that computed tomography has up
to 90% sensitivity in detecting wood*. In magnetic resonance imag-
ing, dry wood has low intensity (using both T1- and T2-weighted
MRIs) due to its high air content, but as it hydrates in the globe (7
to 10 days) it appears as a hyperintense ring (in T1-weighted MRI
sequences)”!. In B-scan ultrasound, organic foreign bodies (sensitiv-
ity of 91%) appear highly reflective / hyperechogenic compared to
surrounding tissue®”***. Images of wood material can present with
echoes of medium echogenicity and may resemble blood or vitri-
tis[8]. Sharp edges, as seen in Case 2 reported above, can also suggest
the presence of a non-metallic foreign body, such as wood, in the
vitreous cavity®®. Some studies recommend the use of magnetic res-
onance and ultrasound to detect non-metallic foreign bodies, such as
wood, once any metallic nature has been ruled out**. Drywall is
another non-metallic foreign body that has been reported to appear
as a hyperdense image in computed tomography because of its cal-
cium content™.

Glass foreign bodies are best viewed with computed tomography
(which has 96% sensitivity) and appear as hyperdense images with-
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out artifacts***%; however, this type of foreign body can produce dif-
ferent attenuation signals, depending on the type of glass. For exam-
ple, green beer bottle glass is easier to detect than spectacle glass ma-
terial, probably due to the different composition of these two types
of glass*. In magnetic resonance imaging, glass appears as a hy-
pointense image (in T2-weighted MRIs)**! with low detection rates
(11.1% and 4.8% using T1 and T2-weighted MRIs respectively)*,
depending on the size of the fragments and the composition of the
glass. Reported sensitivity of B-scan ultrasound in detecting glass
ranges from 24% to 90%, with glass foreign bodies appearing as hy-
perechogenic images; however, due to the double-reflective and re-
fractive nature of glass, it can generate an acoustic shadow, or a re-
verberance artifact, with the characteristics of the latter effect de-
pending on the type of glass; for example, bottle glass tends to have
“hard” (well-defined) reverberations, similar to steel, and windshield
2137

glass

. Rong et al. recommend the use of helical tomography as
the first-line modality for detecting glass foreign bodies?'.

Plastic intraocular foreign bodies, in computed tomography, can
have a wide range of features depending on the material, with some
types showing up as hyperdense (e.g., polyvinyl chloride), or iso-
dense (plastic spectacle glass); in magnetic resonance, on the other
hand, plastic appears as a significant signal void, without artifacts (in
both T1- and T2-weighted MRIs)?*'. B-scan ultrasound shows these
foreign bodies as images with low echogenicity with reverberations
and has 90% of sensitivity in detecting them® %, Information about
plastic foreign bodies is limited by the lack of data. Plastic is difficult
to detect using computed tomography, but helical tomography,
along with ultrasound, are the most recommended for these types of
foreign bodies?'.

Of all of the imaging methods described above, computed tomogra-
phy is generally accepted as the standard procedure and is recom-
mended as the initial diagnostic test for the detection of metallic,
glass, or plastic intraocular foreign bodies. If it is suspected that the
foreign body is made of wood, and any metallic nature has been ruled
out, magnetic resonance imaging and/or ultrasound should be con-

sidered.
Aspects to consider regarding surgery: timing and approach

As shown in the three cases reported above, which differed in time
between ocular trauma and patient presentation for care, there are
several different aspects to consider with regard to surgical interven-
tion in managing an open-globe injury. The timing of the surgery is
crucial and depends on several factors: the patient’s general health
status (e.g., the presence or absence of life-threatening injuries), the
nature of the injury (e.g., heat-sterilized projectiles are probably less
likely to induce infection than farm injuries), and the composition
of the foreign body (e.g., copper material can induce a severe inflam-
matory response, whereas glass tends to be inert and therefore well-
tolerated)’’'.

The reported incidence of endophthalmitis related to intraocular for-
eign bodies is 16.7%, which explains the standard recommendation
of immediate globe repair with administration of intravitreal antibi-
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otics and intraocular foreign body removal”*?. However, delayed in-
traocular foreign body removal may be performed in some circum-
stances (e.g., unavailability of a retinal surgeon)®%. Immediate foreign
body removal decreases the risk of endophthalmitis and the rate of
proliferative vitreoretinopathy”. Some studies indicate that delayed
repair of the globe (> 24 hours) and intraocular foreign body removal
were a predictive factor for developing endophthalmitis'®*. On the
other hand, some researchers found that the timing of intraocular
foreign body removal was not a significant factor in the development
of endophthalmitis; they attribute this finding to several factors like
: immediate closure of the globe (within hours of the injury), prompt
administration of broad-spectrum antibiotics, and the type of foreign
body (high-speed metallic objects are most likely self-sterilized, ver-
sus non-metallic foreign bodies such as stone that may not be self-
sterilized and therefore could have posed a higher risk of infec-

tion)>**,

The advantages of delaying intraocular foreign body removal include
improved control of inflammation and better manipulation of intra-
ocular structures; it also allows for the development of spontaneous
posterior vitreous detachment, which facilitates posterior hyaloid re-
moval®. However, leaving a potentially contaminated foreign body
in the eye increases the risk of infection’.

Intraorbital foreign bodies located posteriorly have an increased risk
of motility alterations and/or optic neuropathy after surgical re-
moval; anteriorly located foreign bodies are more easily removed!".

When the foreign body causes an ocular complication, or has an or-
ganic composition, surgery is indicated; if is not or is anteriotly lo-
cated, surgical options and decisions about whether or not to remove
the foreign body can be discussed with the patient®. In Case 1 re-
ported above, the intraorbital foreign body was posteriorly located
and did not interfere with extraocular muscles but was near the optic
nerve and was therefore managed conservatively. Surgical removal is
indicated when a foreign body causes orbital complications (me-
chanical restriction of ocular movements, neurological compromise,

inflammation) or infection®®.

Conclusion

Accurate and timely determination of an intraocular foreign body is
important in all cases of open-globe injuries. The type of foreign
body, mechanism of trauma, and time between trauma and patient
presentation at a health facility are very important factors in the
prognosis, given the potential for good visual recovery with an ade-
quate surgical treatment. Understanding the limits in the detection
of each type of foreign body and the respective imaging modality
that is used, as well as the characteristics of the different intraocular
foreign bodies, is of utmost importance to optimize the management
of patients with ocular trauma.

The general guidelines below could be used to identify intraocular
foreign bodies in a patient with open-globe injury. We believe the
most practical first step in the evaluation of an intraocular foreign
body, in addition to obtaining an adequate medical history, is a com-

MEI§

puted tomography scan; magnetic resonance imaging and B-scan oc-
ular ultrasonography could be reserved for use as complementary
tests.

It is reasonable to suggest B-scan ocular ultrasonography as an initial
imaging method in some cases due to its low cost and excellent sen-
sitivity, as well as the lack of radiation exposure, taking into account
the added risk from manipulating an open globe with this method.
Due to this risk, it is usually recommended that use of a B-scan be
delayed until after the globe closure. Computed tomography scan-
ning is the most practical initial imaging strategy in a open globe
injury scenario.

The use of magnetic resonance imaging could be considered in cases
with high clinical suspicion of an intraocular foreign body that is not
detected by computed tomography, even in patients with a compli-
cated postoperative course after the closure of the eyeball.

Plain X-rays have little value in the detection of intraocular foreign
bodies because negative results from this method are not reliable and
positive results often require a more detailed examination.

Our current understanding of the various imaging modalities avail-
able for detecting intraocular foreign bodies, summarized here, al-
lows for the detection and effective characterization of the different
types of intraocular foreign bodies we see in our clinical practice.
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Figure 1. Registry of open ocular trauma images case 1.

A and B: B-scan ultrasonography showing a dense heterogeneous high-reflective vitreous opacity corresponding to vitreous hemorrhage associated
with a linear high-reflective image next to the optic disc suspected to correspond to a localized flat retinal detachment near the optic nerve (black
arrow) and an area of severe echogenic irregularity on the posterior wall of the globe (exit wound; white triangle).

C: Post-operative composed fundus image of the right eye showing an attached retina with a superior peripapillary scleral fibrotic area (exit
wound; black arrow) associated with another area of subretinal fibrosis in the inferior peripapillary zone, both surrounded by laser photocoagu-
lation spots.

D and E: Thin-cut axial and sagittal computed tomography views of the patient one week after the combined surgery showing two moderate-
density rounded images next to the muscles in both sides of the ocular wall corresponding to the scleral 360° band (white triangle), a small high-
density rounded image in the posterior scleral wall of the globe next to the optic nerve (blue arrow) corresponding to the intrascleral foreign
body on the exit wound, and another high-density rounded lesion (white arrow) next to the optic nerve of the right orbit corresponding to the
intraorbital foreign body.
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Figure 2. Registry of open ocular trauma images case 2.

A: Slit-lamp examination showing a self-sealed corneal perforation (at the 1 o’clock position) with an iris transillumination defect and lens
opacity with posterior capsular involvement at that level.

B: Fundus examination showing the temporal retina of left eye with an intraocular foreign body and localized retinal detachment surrounding
that area.

C: Post-operative fundus image of the temporal retina of the left eye showing an attached retina surrounded by laser photocoagulation spots.

D and E: Thin-cut axial and coronal computed tomography views of the patient at the time of presentation showing a high-density rounded
lesion in the lateral temporal scleral wall of the globe (white arrow) corresponding to a metallic intraocular foreign body. No intraorbital foreign
body was detected.

F: Skull X-ray of the left orbit showing a metallic foreign body on the temporal site of the orbit.

G: Intraocular metallic foreign body of approximately 4.5 mm diameter extracted from the temporal wall of the eye.
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Figure 3. Registry of open ocular trauma images case 3.

A: Slit-lamp examination showing multiple subconjunctival foreign bodies in temporal conjunctiva and sclera with some scarring tissue.

B: Fundus examination showing the inferior retina of left eye with a free-floating intraocular foreign body in the vitreous cavity with no associated
retinal lesions.

C: B-scan ultrasonography showing a high-reflective image with sharp borders in the vitreous cavity with a subtle acoustic hollow corresponding
to an intraocular foreign body.

D: Thin-cut axial computed tomography view of the patient at the time of presentation showing a medium-density rounded lesion in the vitreous
cavity (white arrow) that we believed could correspond to the non-metallic foreign body.

E: Fundus composed image of the left eye with no associated lesions.
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