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Summary

The accurate detection and localisation of retained intraocular foreign bodies
(IOFB) is important in the planning of subsequent surgical management. Using a
porcine eye model, the authors have compared the relative detection rates of real
time ultrasonography and plain roentgenograms for a variety of IOFBs. With an
overall detection rate of 93%, ultrasonography appears to be a considerably more
sensitive investigative tool than plain roentgenograms (40%) for the imaging of
IOFBs, particularly those that are non-metallic.

Ocular trauma remains the most common
indication for enucleation in the young popu-
lation and the presence or absence of an intra-
ocular foreign body (IOFB) significantly
affects the management of eyes that might be
salvaged.! With the advent of Computerised
Tomography (CT) and Magnetic Resonance
Imaging (MRI) very detailed images of the
eye and orbital structures are now available.
With these advances in technology one of the
most readily available and inexpensive radio-

logical investigations is often overlooked or
even considered ‘yesterday’s technology’,
however, orbital ultrasound remains a most
useful, rapid and ‘patient friendly’ investiga-
tion in ocular disease.’

The most common IOFBs are composed of
metal (from chisels, hammers, gunshot),
wood (from circular saws, falls), glass (road
traffic accidents, industrial accidents or
assaults) and less commonly these foreign
bodies may be plastic/perspex or graphite

Table I Table II

Material No of eyes Range in size Foreign body No of eyes % identified
Glass 30 7x3x1-2x1x1 mm Slass gfl’ gz:f
Wood 22 15x2x2-2x1x1 mm “‘;‘S%ex > 9 10/°
Plastic 27 5x5x2 - 1.0diam mm G°° hit p 100%
Metal 16 12x1x1 - 0.5diam mm M"’tpl ie ” 88%
Graphite 4 3x1x1 - 1.0diam mm cta °
Control 18 Total 9 93%

The composition andsize of intraocular foreign bodies
placed in 117 porcine eyes via an anterior scleral
incision at the level of the pars plana.

Identification of intraocular foreign bodies by real
time ultrasound scanning using an ATL. 7.5
Megahertz real time scanning probe and Kitecko gel
block.
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Table IIT Table IV

Foreign body No of eyes % identified Investigation False positives  False negatives
Glass 30 7% X-Rays 0/18 ( 0%) 59/99 (60%)
Perspex 27 15% Ultrasound 2/18 (11%) 6/99 ( 6%)
Wood z 92/° Comparison of the false positive and false negative
Graphite 4 0 0/° rate. Eighteen eyes without intraocular foreign bodies
Metal 16 69% which had been subjected to a small scleral stab
Total 99 40% incision were analysed to establish the false positive

Identification of intraocular foreign bodies by plain
occipito-frontal and lateral X-rays.

(pencils).'** Due to hyphaemia, cataract or
vitreous haemorrhage such IOFBs are often
impossible to visualise by ophthalmoscopy
and the clinician must rely upon radiographic
techniques. In the investigation of any sus-
pected penetrating ocular trauma, plain orbi-
tal X-rays (with exposure for soft tissues) are
mandatory. Such X-rays will often reveal
metallic IOFBs and any associated bony
injury, however, they are less reliable in the
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rates for plain roentgenography and ultrasound. These
are compared to the false negative rates (missed
IOFBs) for both techniques.

identification of retained wood or glass. The
ability of plain roentgenography to detect an
IOFB depends on the relative density of the
IOFB compared with water.’

Obviously since many IOFBs are metallic
Magnetic Resonance Imaging is not a suitable
second line investigation and many experts
would suggest that CT scan is the only second
line investigation to consider.*® Unfortu-
nately, due to the unavailability of CT facili-
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Identification of intraocular foreign bodies by real time ultrasound compared to plain X-rays expressed as

the percentage of IOFB:s identified relative to the total number of IOFBs present.




Fig. 2.1. An example of an intraocular foreign body in a porcine eye not detectable by plain X-ray but the same
IOFB identified by real time ultrasonography: 1. Occipito-frontal X-ray; ns=nasal space, p=porcine eye,
so=superior orbital margin.
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Fig. 2.2. Ultrasound of same eye with cornea and retina indicated showing clearly detectable intraocular foreign

body (FB).

ties and the logistics of such injuries (often in
the evening or weekends) such an investiga-
tion might not be practical. To this end we
have examined the potential role of real time
ultrasound in the detection of IOFBs as a
complementary investigation to plain X-rays.

Materials and Methods

Of the sub-primates, porcine eyes most read-
ily resemble human eyes in size and anatomy.
One hundred and seventeen fresh (less than
eight hours from harvesting) porcine eyes
were obtained; 99 of these eyes had a small
IOFB placed in the vitreous cavity via a
3-5 mm anterior scleral stab incision at the
level of the pars plana which was subsequently
closed with a 5/0 silk suture, the remaining 18
eyes underwent a similar incision and intro-
duction of fine forceps into the vitreous cavity
but without the introduction of an IOFB.
These latter eyes served as the control group.
The eyes were randomly allocated to receive
one of the five types of foreign body (Table I)
or toserve as controls and were identified by a
code number. Thus the radiologist was una-

ware if an IOFB was or was not present prior
to analysis. The code was not broken until all
eyes had been examined.

The eyes were positioned under a Kitecko
gel block and real time ultrasound scanning
was performed using an ATL. 7.5 megahertz
real time scanning probe. The eyes were sub-
sequently placed in the orbit of a human skull
and X-rayed. Both occipito-frontal and lat-
eral views were performed. To make this part
of the study more closely resemble the clinical
situation, phantom brain and soft tissue were
incorporated into the skull, however, this did
not significantly alter the detection rate when
compared to X-rays performed without the
phantom tissue.

Results

The results for orbital ultrasound are pre-
sented in Table IT and those for Plain X-rays in
Table III. The results are expressed graphi-
cally in Figure 1. The false positive and false
negative rate is expressed in Table IV. When
IOFB detection rates for ultrasound are com-
pared to those for X-ray, it is noted in each
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group that more IOFBs are picked up by
ultrasound: perspex 96% vs. 15% (p<<0.001),
wood 91% vs. 9% (p<0.001), graphite 100%
vs. 0% (p<0.07), glass 97% vs. 77% (p=not
significant) and metal 88% vs. 69% (p=not
significant). For technical reasons, one eye
from the IOFB group and two eyes from the
control group were excluded from analysis.

Discussion

Plain X-rays did identify many of the glass and
metallic foreign bodies but almost 30% of the
IOFBs in each group were missed. This fail-
ure to identify IOFBs did not relate to IOFB
size in absolute terms and while the majority
of the larger IOFBs were identified, it was not
only the smallest which escaped detection. As
might have been predicted, plain X-rays were
much less good at picking up wood, plastic or
graphite. The overall pick up rate for plain
X-rays was a surprisingly low 40%.

In contrast ultrasound identified 88% of the
metallic IOFBs and virtually all the glass
IOFBs (97%). Of the 53 eyes containing
wood, plastic or graphite only three IOFBs
were not identified. Thus the overall pick up
rate of IOFBs by ultrasound was 93% com-
pared to 40% (p<<0.001) for plain X-rays.

The six IOFBs missed by ultrasound were
not the smallest (detection depends partly on
the surface area of the IOFB available for
acoustic reflection)'® but were either directly
behind the crystalline lens or imbedded in the
retina, both areas subject to ‘acoustic shadow-
ing’ from the adjacent structures. There were
two false positives from eighteen control eyes
and it was felt that in these cases the ultra-
sound had picked up air or condensations in
the vitreous at the site of introduction of the
surgical instrument.

It appears from these data that orbital ultra-
sound is superior to plain X-rays in the identi-
fication of all IOFBs but particularly those not
composed of metal or glass. With an overall
detection rate of 93% these results might rival
those of CT-scanning. However, unlike CT-
scanning, ultrasound is less good at identi-
fying extraocular FBs in the posterior orbit.’
Although this ultrasound technique does not

involve direct contact of the ultrasound probe
with the eye, a gel block is placed on the
closed lids, and while this does exert minimal
compression upon the globe the technique
would obviously not be suitable for large or
unstable ocular wounds where there might be
arisk of intraocular tissue prolapse. Nonethe-
less the authors believe that in cases of intra-
ocular injury with small wounds and a
suspected IOFB, the judicious use of orbital
ultrasound may allow a rapid and accurate
appraisal which will allow early management
decisions to be made.

The authors wish to thank Ms S. McGlynn and Ms
P. MacKay for their expert radiographic assistance.
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