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Anterior segment optical coherence tomography characteristics and
management of a unique spectrum of foreign bodies in the cornea and

anterior chamber

Mona Bhargava, Varsha Bhambhani, Raj S Paul

Purpose: To report anterior-segment optical coherence tomography (ASOCT) characteristics of different
types of corneal and anterior chamber (AC) foreign bodies (FBs) and their usefulness in diagnosis and
management. Methods: This is a retrospective descriptive clinical study involving 11 eyes of 11 patients
who presented at the outpatient department of a tertiary ophthalmic care center from January 2017
to January 2022. All patients had a diagnosed or suspected corneal FB. All participants underwent a
comprehensive ophthalmological examination, followed by slit-lamp photography and ASOCT. FB removal
was done where required by an external, internal, or combined approach. Results: The mean age of patients
was 28.2 (7-53) years. Ten were male, and one was female. Seven patients had a definitive positive history
of injury; in one, there was a history suggestive of trauma, one had the post-operative complication of
scleral buckling surgery, and two patients had a history of insect fall in the eyes. Three patients had acute,
four had sub-acute, and four had chronic presentations. Descemet’s membrane (DM) breach was suspected
in three cases of deep FB, which was later confirmed on ASOCT. In two cases, DM was presumed to be
intact clinically, but ASOCT showed an AC penetration. The FB was removed in seven patients, one via
slit-lamp, one via an external approach, two via an internal approach, and three via a combined approach.
Conclusion: ASOCT facilitates non-invasive rapid imaging of ocular tissue at various depths, provides an
accurate assessment of FB characteristics, and thereby serves as an additional tool in our armamentarium
for diagnosis and management of deep corneal and AC FBs.
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Ocular injury is the most common cause of emergency
interventions in ophthalmology departments across the
world. According to the World Health Organization (WHO)
global estimates, the annual incidence of ocular trauma is
approximately 55 million and ocular injuries account for 5-16%
of ophthalmology consultations.” Among the ocular trauma,
corneal foreign bodies (FBs) are the second most common
type of ocular injury, accounting for approximately 30.8% of
all eye injuries.”! Although the diagnosis and management
of corneal FBs (CFBs) are generally easily made based on the
history and slit-lamp examination, there are some unusual cases
that create difficulties in the diagnosis and choosing the most
appropriate method of removal.*”! Anterior-segment optical
coherence tomography (ASOCT) provides high-resolution
cross-sectional images of CFBs and has the advantage of being
a non-contact imaging system causing minimal discomfort,
especially in trauma patients.”®! Tao Wang et al."Thave described
a study mostly involving superficial CFBs with a stress on its
ASOCT characteristics only. Armanik et al.®! described ASOCT
characteristics of artificially embedded CFBs. A paucity of data
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exists regarding ASOCT for the evaluation of deeply embedded
CFBs.®1 Ours is the first study describing ASOCT characteristics
of deep intrastromal, Descemet’s membrane (DM) breaching,
and anterior chamber (AC) FBs. The purpose of this study is to
highlight the role and usefulness of ASOCT in the diagnosis and
management of FBs as well as to describe different techniques
and approaches of FB removal used in our study. The purpose
of this study is to highlight the role and usefulness of ASOCT
in the diagnosis and management of FBs as well as to describe
different techniques and approaches of FB removal used in
our study.*

Methods

This is a retrospective study involving 11 eyes of 11 patients
who presented at the outpatient department of a tertiary
ophthalmic care center from January 2017 to January 2022. All
patients who were included in this study met the following
criteria:
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(1) Had a confirmed or suspected corneal or AC FB.

(2) Were able to complete the anterior segment examinations
with clear anterior segment color photography and
ASOCT scanning.

(3) Had no apparent corneal infection.

The study was performed after approval from the
Institutional Ethics Committee. Informed written consent
was obtained from all the participants. The study confirms
adherence to the Declaration of Helsinki.

All participants underwent comprehensive
ophthalmological examination, including a detailed
questionnaire (including age, sex, history of trauma, the onset
of symptoms, occupation, general, and ocular disease history),
visual acuity, refractive error, slit-lamp biomicroscopic
examination of the anterior segment, and fundus examination
using indirect ophthalmoscopy. Duration of the presentation
was classified into acute (1-10 days), sub-acute (11-30 days),
and chronic (>30 days). All patients were subjected to clinical
slit-lamp photography for documentation before and after
FB removal. ASOCT was done for all patients in raster and
line scan using a Heidelberg spectralis (Germany) scanner
focused on lesions using the anterior segment protocol.*>*”!
One section of the clear image was used for evaluation and
measurement. The results were interpreted by two different
experienced ophthalmologists. We used the signal of the
normal corneal tissue surrounding the lesions as a reference.
If the signal of the lesion was stronger than the surrounding
tissue signal, it was labeled as a hyper-reflective signal (high
signal). When the signal of the lesion was weaker than the
surrounding tissue, it was a hypo-reflective signal (low
signal). When the signal deep in the FB was weaker or even
disappeared, it was regarded as signal attenuation and was
called a posterior shadowing effect. Total attenuation was
called complete posterior shadowing. When the deep signal
was weak or present at margins with total loss at the center,
it was called partial posterior shadowing.

FBs were classified depending on the depth and breach of
DM into.

(a) epithelial and sub-epithelial (up to Bowman’s
layer), (b) superficial stromal (up to 40% of stroma), (c) deep
stromal (beyond 40% of stroma but not breaching DM), (d)
DM penetrating (primarily corneal but breaching DM and
protruding into AC), and (e) AC FB (primarily or completely
in AC).

Depending on various characteristics such as (1) type, (2)
duration, (3) depth, and (4) DM breach, the decision for
removing versus retaining the FB and if removing then on
slit-lamp versus in the operation theater (OT) was taken.
For removal in the OT, either of the below-mentioned three
approaches was undertaken.

(1) External approach: When the FB was up to the mid-stroma
and not penetrating through DM, it was approached
from the epithelial side with a 26 G hypodermic needle
or picked up with microforceps.

(2) Internal approach: When a FB was in the AC completely
or predominantly, the AC was entered and the FB was
picked up with the help of long microforceps.

(8) Combined approach: When a FB was impacted mainly
in the corneal stroma even though it was breaching
the DM, a combined approach was preferred. The AC

was entered, and the FB was held or supported with
microforceps or a spatula. This served two purposes. It
prevented accidental slippage of the FB in the AC and
also provided counter-pressure or external push when
required. The FB was then approached from the epithelial
side and removed.

FB removal was supplemented with 10-0 non-absorbable
monofilament nylon sutures in case of tissue loss or penetrating
corneal wound or cyano-acrylate glue in case of thinning. Inert
FBs which did not cause any significant symptoms were not
removed. Inert FBs causing a decrease in the best-corrected
visual acuity (BCVA) or endothelial decompensation were
removed. The composition of the FB was noted in all cases
where it was removed. Detailed clinical and slit-lamp
characteristics of patients have been described in Table 1. The
ASOCT characteristics of different FBs are described in Table 2.

Results

The mean age of patients in our series was 28.2 (7-53 years). Ten
patients were male, and one was female. Seven patients had a
definitive positive history of injury, one patient’s parents gave a
history of trauma but could not elucidate the exact mechanism,
one had a post-operative complication of scleral buckling
surgery, and two patients had a history of fall of some insect in
their eyes. Three patients had an acute presentation, four had
a sub-acute presentation, and four had a chronic presentation.
All four cases with chronic presentations were of inert FB. The
presence of 10 FBs was confirmatory, whereas, in one, the FB
was suspected on slit-lamp examination and was confirmed on
ASOCT. DM breach was not definitive in three cases of deep
CFB, which was later confirmed by ASOCT. In two cases, DM
was presumed to be intact clinically, but ASOCT showed AC
penetration. Out of 11 cases, in seven patients, the FB was
removed, and in four cases, the FB was retained and the patient
was kept on observation. In seven cases where FB removal
was done, one was on slit-lamp, one via an external approach,
two via an internal approach, and three via a combined
approach. In four patients, additional intraoperative measures
were required. All patients who underwent FB removal had
complete wound healing with either improvement in BCVA
or improvement in their symptoms. Patients in whom the FB
was retained maintained their BCVA without the development
of any other symptoms.

Discussion

A corneal FB is the most common type of occupational
ocular injury accounting for almost 35% of all ocular
trauma.'®% Such injuries are commonly seen in metal industry
workers (welding, grinding, and cutting), construction industry
workers, and agricultural workers.'**2!1 Men in their active
lifespan with the age range of 10-60 years are affected more.?*!
Injury can also often occur at work and during domestic and
leisure activities (home, garden, and playing), sports, or windy
days.?

Metallic FBs and organic substances, such as vegetables and
wood, are poorly tolerated by the cornea and must be promptly
removed.” Materials such as glass, plastic, and silicon are inert
in nature and can be left intrastromal under close monitoring.!
Although if an inert CFB is in the visual axis and/or reduces
visual acuity due to posterior astigmatism, prompt removal is
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indicated.? Depending on the location, CFBs can be divided
into superficial, stromal, or deep.” FBs that are confined to the
corneal epithelium can be considered superficial.*” These are
the most common types of CFBs, which cause minimal visual
impairment and can be easily diagnosed and managed on a
slit lamp.* However, deeply embedded CFBs cause significant
morbidity and sequelae.”?ASOCT is particularly useful for the
management of deep CFBs, and its role can be divided broadly
into the following sub-categories:

To know the exact location of the FB

The high resolution of ASOCT is ideal for evaluating the depth
and location of the FB, which in turn dictates the optimal
surgical technique to be employed. Superficial CFBs can be
easily removed on a slit-lamp in a daycare setting under topical
anesthesia with either a cotton tip, hypodermic 26-gauge
needle, or 15-number blade. In case-7 and case-8, superficial
corneal setae were removed using the slit lamp. In case-10, an
8-year-old child presented with a transparent CFB which was
found to be just sub-epithelial on ASOCT [Fig. 1b], so it could
be easily removed on a slit lamp, avoiding undue exposure to
general anesthesia in a child. In six cases, the FB was either deep
corneal or in the AC and therefore was removed in OT. In case-3,
clinically, the DM appeared intact, but ASOCT showed a breach
in the DM with AC penetration [Fig. 2b and d]. In cases with
an intact DM, the FB can be removed via an external approach
(26-G needle or forceps) like in case-4 [Fig. 1c] and case-6.
Removal via a lamellar corneal pocket for an intrastromal FB
is described by Au et al.,*®! for cases in which the entry wound
had healed and epithelized. A lamellar dissection was extended
centrally toward the CFB, and the corneal wound was closed
with a circumferential mattress suture using a 10-0 nylon. In
cases with a breach in the DM, an internal approach via the AC

is preferred. CFBs lying in the posterior stroma and protruding
in the AC can be grabbed with microforceps via a side port.
When the FB is in the anterior or mid-stroma and protruding
in AC, it can be directly grasped through forceps externally, if
the overlying epithelium is loose or damaged, supporting from
within the AC with a spatula to prevent slippage in AC, or it
can even be pushed from inside out with the help of a spatula
or reverse-Sinskey hook.

To know the type of FB based on the ASOCT characteristics

Removal of the FB depends on its composition. Different
materials have demonstrated various specific ASOCT
characteristics which may help to distinguish their composition.”!
Inert substances such as glass and plastic are better tolerated
and do not necessarily require urgent removal.®l Metals (gold
and iron) and graphite have a hyper-reflective anterior border
with no signal penetration, casting complete (total) posterior
shadowing.”*I The posterior border is often poorly delineated
due to total shadowing [Fig. 2]. ASOCT characteristics of stone
chips, which are rarely described, appeared to be similar to
that of metals. Materials such as glass and plastic are identified
as an area of hypo-reflective content with well-defined
hyper-reflective borders. Signal penetration is complete,
and no shadowing effect is seen [Fig. 1d and e].”*! Wood
appears as a hyper-reflective mass with a variable spectrum
of penetrability depending on the degree of the density with a
variable shadowing effect behind it.”! The intrastromal silicone
scleral buckle appeared as an internal area of hypo- to isoechoic
intensity with hyper-reflective, well-defined borders and
complete signal penetration [Fig. 3d]. On ASOCT, caterpillar
setae appear as fine lineiform hyper-reflective striae with no
posterior shadowing, corresponding to the location, orientation,
and depth of setae in the cornea [Fig. 4c and d]. Most patients

Figure 1: Slit lamp and ASOCT characteristics of inert FBs. (a) Slit-lamp photograph of a refractive FB (glass) in the AC (blue box), (b) slit-lamp
photograph of the refractive FB (plastic) in cornea (white box), (c) slit-lamp photograph of refractive FB (glass) in the cornea (orange box), (d)
ASOCT image of the FB in (a) showing a hypo-reflective center with hyper-reflective borders, and (e) ASOCT image of the FB in (c) showing a
hypo-reflective center with hyper-reflective borders, mid-stromal location, and an intact DM
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Figure 2: Slit lamp and ASOCT characteristics of metallic, stone chip, and gun pellet corneal FBs. (a) Slit-lamp photograph of an iron and (b) of
stone chip corneal FB, (c) ASOCT image of the FB in (a) showing a hyper-reflective border in the AC (blue asterisk), inward curling of the DM at the
site of the DM breach (orange arrows), (d) ASOCT image of the FB in (b) showing a hyper-reflective anterior border with total posterior shadowing
and inward curling of the DM at the site of the DM breach (orange arrows), (e) ASOCT image of a gun-pellet FB showing a hyper-reflective border
with total posterior shadowing and inward curling of the DM at the site of the DM breach (orange arrows)

have more than one hair, all of which may not be amenable
for removal at the first sitting and thus must be followed up
closely.?* Depending on their depth, superficial setae can be
removed under a slit lamp, whereas deeper ones are difficult to
remove.P! In such circumstances, the patient can be managed
conservatively with topical steroids and monitored for deeper
migration of setae.”*!I In case-7, setae were superficial and all
could be removed under a slit lamp. In case-8, one seta was deep
just anchored to the DM. On ASOCT, one end was found to just
protrude in AC, which on serial ASOCT was found to migrate
deep into the AC [Fig. 4c and d]. As it was not associated with
any symptoms, it was best left in place.’” ASOCT of a human
hair (eyelash) revealed well-defined linear hyper-reflective
structures in the AC corresponding to the hair shaft with a
hypo-echoic area suggestive of a clear space between the DM
and hair shaft [Fig. 4e]. ASOCT can also easily differentiate and
identify the type of hair depending on thickness and density,
which was thick and taut in case of the human eyelash and fine
striae in a caterpillar seta. Embedded firecracker debris showed
hyper-reflective clump echoes corresponding to intrastromal
FB with partial posterior shadowing [Fig. 3c]. Fireworks contain
gunpowder and small blobs of explosive materials called stars.
The stars contain metal salts which give fireworks their color
when they explode.’? On ASOCT, they cause hyper-reflective

shadows. However, as opposed to metals causing tissue
reaction, these shiny particles were inert for 5 years and so
were not removed.

A non-inert FB-like metal, organic vegetable matter, and wood
are poorly tolerated and usually incite a reaction, making it
hard to miss.®! Inert CFBs usually do not incite any reaction,
and if transparent like glass or plastic, embedded in the corneal
edema or opacity, they can be easily missed on routine clinical
examination.”? ASOCT is a good tool for confirming FBs when
in suspicion.®!In case-1, a small glass FB in the AC was missed
in the initial visit due to overlying corneal edema, which could
have been easily picked up in ASOCT on the first visit [Fig. 1a].
Glass being inert can be retained intraocularly for years without
causing any symptoms.*%! However, in cases of endothelial
cell loss, indentation of the endothelium, or posterior corneal
astigmatism, it can be removed.**! Glass FBs in case-1 caused
chronic endothelial insult due to mechanical irritation, causing
sectoral corneal edema and decreased BCVA, which reversed
on FB removal. Archer et al.,*”l in their series, have described
corneal edema due to endothelial damage following glass FBs
in AC. We agree and further validate the same by showing
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endothelial cell loss with polymorphism and polymegathism
on specular microscopy, which is probably not documented
before [Fig. 5]. In case-4 (Fig 1c ), an intrastromal glass FB
caused a decrease in BCVA, leading to patient dissatisfaction.
The FB was successfully removed after a precise evaluation
of the depth and exact location in ASOCT. BCVA improved
from 6/9 to 6/6. Modern tools such as ASOCT have allowed

Figure 3: Slit lamp and ASOCT characteristics of firecracker debris
and a scleral buckle. (a) Slit-lamp photograph showing multiple shiny
powdery firecracker debris (orange box), (b) slit-lamp photograph
showing scleral buckle in the nasal corneoscleral limbus (red
asterisk), (c) ASOCT image of FB in (a) showing hyper-reflective
clump echoes (orange box) in the anterior stroma with partial posterior
shadowing, and (d) ASOCT image of the FB in (b) showing hypo- to
isoechoic reflectivity in the center with well-defined hyper-reflective
borders (red asterisk)

physicians to take calculated risks and deliver successful
outcomes in a predicted manner.

To determine the integrity of DM in cases of deep CFBs and
thus to decide an approach for removal

The management plan of any CFB removal changes once
the FB has penetrated through the DM into the AC. As
described before, when the DM is breached, the FB always
should be removed via an internal or combined approach in
OT. Removing penetrating FBs under a slit lamp can cause
inadvertent slippage into the AC or full thickness leaking
wound. ASOCT delineates details very beautifully about any
breach in DM. In cases where DM breach is seen clinically,
ASOCT acts as a confirmatory tool. Details regarding the exact
depth of AC penetration, path, and orientation of FBs can be
made out clearly. In cases where there is doubt regarding a DM
breach, ASOCT acts as a diagnostic tool. In case-2 and case-6,
a deep metal FB was suspected to breach the DM, which was
confirmed via ASOCT later [Fig. 2]. In case-3, the FB was deep
but did not appear to intrude on the AC clinically, but routine
ASOCT showed it to breach the DM and penetrate the AC,
changing the course of management [Fig. 2b and d]. Similarly,
ASOCT was performed routinely to document the location and
monitor the progression of deep setae in case-8. ASOCT showed
one end of the seta to be protruding in the AC.

Armanik et al. have described that for the determination of
penetration of an opaque material on ASOCT, one should look
for the anterior border of the FB in the AC itself (mirror effect)
and not the chain of signals in the posterior shadow zone.”) In
our cases, we did not find any mirror effect. Rather, inward
curling of the DM at the site of the breach was a consistent
finding in all cases of FBs protruding into the AC. This can be
taken as one of the ASOCT characteristics of CFBs breaching
the DM [Fig. 2c-e].

Figure 4: Slitlamp and ASOCT characteristics of caterpillar hair and human eyelash cilia. (a) Slit-lamp photograph of a fine caterpillar hair (orange
box), (b) slit-lamp photograph of human eyelash cilia (blue box), (c) ASOCT image of the FB in (a) on the first visit showing hyper-reflective
caterpillar hair just anchored to the DM (blue box), (d) ASOCT image of the FB in (a) on follow-up visit showing migration of hair into the AC with
the small end anchored to the DM (orange box), and (e) ASOCT image of the FB in (b) showing a thick hyper-reflective human hair in the AC
with the central impacted end into the posterior stroma (blue box)



December 2022 Bhargava, et al.: Role of ASOCT in diagnosis and management of corneal and anterior chamber foreign bodies

4291

Eye(Position)  R(C)

Cornea Thick  0.625 (mm)
Number of Cells 19
Minimum Size 2257 (pm?)
Maximum Size 1266.3  (um?)
Average Size 722.3  (pm?)
S.D. of Size 290.6 (pm?)
C.V. of Size 40.2 (%)
Cell Density 1384.5 (/mm?)

Eye(Position)  L(C)

Cornea Thick  0.532 (mm)
Number of Cells 78
Minimum Size 150.6  (um?)
Maximum Size  1001.4  (um?)
Average Size 427.8 (um?)
S.D. of Size 1247  (um?)
C.V. of Size 291 (%)
Cell Density 2337.5 (/mm?)

Figure 5: Specular microscopy images of the AC glass FB. (a) Specular microscopy image of the right eye of the patient in case-1 with an
AC glass FB showing pleomorphism and polymegathism with decreased cell density suggestive of endothelial cell loss and decrease in cell
count; increase in minimum, maximum, and average cell size; increase in corneal thickness suggestive of endothelial compromise. (b) Specular
microscopy image of the normal left eye of the patient in case-1 showing normal cell size, shape, and density for age

To detect and monitor any migration of the FB

Serial ASOCT scans go a long way in documenting and
recording even subtle changes of migration in some cases
of FB. Migration and extrusion of an encircling buckle are
known complications of scleral buckling surgery. However,
anterior migration through one or more of the rectus muscles
and positioning in the corneoscleral junction is an atypical
complication.”#! In case-5, the intrastromal buckle was inert
and did not cause any complication. ASOCT showed it to be
intrastromal without any impingement on the endothelium or
AC intrusion. Therefore, it was not removed and the patient
was kept under close follow-ups for detecting any further
migration. ASOCT is useful for picking up any early subtle
changes that may be missed clinically. ASOCT also was helpful
to monitor the migration of seta in case-8 as described above.
Migration of intracorneal setae can occur anteriorly, leading
to resurfacing or posteriorly into deep corneal layers or the
AC, both of which can be monitored by serial ASOCT scans.*!

I-ASOCT can be a very useful tool to guide FB removal at
every step and to evaluate any tissue loss or residual corneal
bed thinning after FB removal.

Intraoperative optical computed tomography (OCT) is
gaining popularity in the treatment of retinal diseases and
cataract removal. Intraoperative OCT provides the surgeon
with real-time cross-sectional imaging, which is helpful in
intraoperative management from the incision to the wound
closure.”l In some cases, after FB removal, corneal thinning

might occur due to tissue loss or poor wound healing. I-ASOCT
and ASOCT are extremely useful in such cases as they facilitate
the quantitative assessment of remnant corneal thickness and
indicate the risk of impending perforation.”®! In case-4 and
case-6, cyano-acrylate glue and a bandage contact lens were
used intra-operatively for thinning and tissue loss, respectively.

Conclusion

ASOCT is thus an imperative adjunct tool for the diagnosis and
management of deep corneal and AC FBs. ASOCT facilitates the
non-invasive rapid imaging of ocular tissues at various depths. It
aids in exact localization, recognizing any breach in the integrity
of the Descemet membrane, AC penetration, defining the type
of FB, and the need for its removal. We highlight an additional
ASOCT finding in the form of inward curling of the DM at
the site of the breach in all cases of FB protruding into the AC.
Management of various corneal and AC FBs differ depending
on the depth (superficial vs deep vs AC) and nature (inert vs
non-inert). ASOCT is a useful tool to decide not only the urgency
of FB removal but also the best approach. It also helps to assess
intraoperative tissue loss and the need for additional tectonic
measures. This series collates ASOCT characteristics and
management modalities of a unique compilation of FBs such as
glass, metal, gun pellets, plastic, caterpillar hair, silicon buckle,
firecracker debris, stone chip particle, and human hair, which
is quite nonpareil and is under-reported. ASOCT is therefore
an indispensable and invaluable tool.
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