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Abstract
e AIM: To evaluate the value of ultra-wide field (UWF)

imaging in the management of traumatic retinopathy under
the condition of corneal scar or fixed small pupil after
complicated ocular trauma.

e METHODS: Twenty-eight patients (28 eyes) with
complicated ocular trauma were enrolled in the study from
June 2016 to May 2017, including 19 males and 9 females
with age ranged from 11 to 64 (43.42+12.62)y. All patients
were treated with secondary vitrectomy after emergency
operation for wound repair of open ocular trauma. Direct
ophthalmoscopy and 45-degree fundus photography
were taken at each time point of follow up for comparison
of findings with UWF images. Routine eye examination
including visual acuity, intraocular pressure, slit lamp
examination were performed and analyzed as well.

e RESULTS: Among the 28 traumatized eyes, the positive
rate for identification of traumatic retinopathed was 32.1%
(9 cases), 14.9% (5 cases), and 85.7% (24 cases) with direct
ophthalmoscopy, 45-degree fundus photography, and UWF
imaging, respectively. The detective rate of UWF imaging
under the condition of corneal scar or fixed small pupil
was statistically greater than that of 45-degree fundus
photography and direct ophthalmoscopy (Bonferroni
correction, P<0.001). UWF image was obtained in 19 eyes
with opaque corneal scar, otherwise their fundus could not
be seen by conventional methods. The additional findings
of traumatic retinopathies by UWF imaging included
periretinal membranes or pre-retinal proliferating strip,
retinal holes, hemorrhage in the vitreous or sub-retinal
space.

e CONCLUSION: UWF imaging is superior to traditional
fundus photography in the evaluation of traumatic
retinopathies under the condition of corneal scar or fixed
small pupil after complicated ocular trauma.
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INTRODUCTION

omplicated ocular trauma often compromises the
C anterior segment involving the cornea and the iris. After
primary wound repair of the cornea and secondary vitreous
surgery, serious complications such as corneal scar formation,
iris defect and adhesions, and pupil displacement remained,
which may shadow the optic axis and make the evaluation for
the traumatic retinopathy more difficulty. Various traumatic
retinopathies are the main reasons for poor visual outcomes in
patients with complicated ocular injury, and poor evaluation
of the retinal status will seriously interfere to the decision-
making for management in such conditions. Ultra-wide field
(UWF) imaging technology uses red (633 nm) and green
(532 nm) lasers reflected off a large concave elliptical mirror,
enabling large scan angles of up to the ora serrata under a
small pupil, which provides a new method for solving this
problem. Therefore, we used this technique to observe a series
of patients with complicated ocular trauma, and compared with
the conventional 45-degree fundus photography and direct
ophthalmoscopy. Up to now we did not find similar study
reported in the literature.
SUBJECTS AND METHODS
Patients Twenty-eight patients with complicated ocular injury
who were treated in our hospital from June 2016 to May 2017
enrolled in the retrospective analyses. The study was carried
out with the approval of the Ethics Committee of Southwest
Medical University. Due to the study’s nature of fundus
examination, the requirement of informed consent was waived.

All patients underwent secondary vitrectomy after emergency
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Table 1 In 28 eyes, 5 cases had simple pupil changes, and 23 cases had corneal scar or fixed small pupil simultaneously

Case Gender Age(y) Eye UWF findings 45° fundus photography Direct ophthalmoscopy
1 M 50 oS Preretinal membrane Invisible Invisible

2 F 43 (0N} Pre- and sub-retinal membrane Vague Posterior pole visible
3 M 45 OS  Subretinal hemorrhage; preretinal membrane Invisible Posterior pole visible
4 M 44 oS Optic nerve atrophy; preretinal membrane Invisible Optic nerve atrophy
5 M 51 (0N} Preretinal membrane Invisible Posterior pole visible
6 M 22 oS Preretinal proliferating strip Invisible Posterior pole visible
7 F 29 (0N} Preretinal proliferating strip Vague Posterior pole visible
8 M 51 (6N Retinal vein occlusion Invisible Invisible

9 M 35 OD Invisible Invisible Invisible

10 M 25 OD Subretinal hemorrhagem Invisible Invisible

11 M 51 OD Invisible Invisible Invisible

12 F 64 (0N} Pre- and sub-retinal membrane Vague Posterior pole visible
13 F 25 (0N} Retinal hole and detachment Retinal detachment Retinal detachment
14 M 57 (6N Preretinal proliferating strip Invisible Undiscovered

15 M 39 OD  Subretinal hemorrhage; preretinal membrane Invisible Vague

16 F 24 OD Retinal hole; preretinal membrane Vague Invisible

17 M 55 oS Vitreous hemorrhage Invisible Posterior pole visible
18 M 41 (0N} Optic nerve atrophy; preretinal membrane Invisible Invisible

19 F 64 (0N} Subretinal hemorrhage Invisible Invisible

20 M 45 oS Preretinal proliferating strip Invisible Invisible

21 M 45 OD Pre- and sub-retinal membrane Invisible Invisible

22 F 51 (6N Pre- and sub-retinal membrane Invisible Invisible

23 M 60 OD Preretinal membrane Invisible Vague

24 F 50 (0N} Vitreous hemorrhage Invisible Invisible

25 M 35 oS Invisible Invisible Invisible

26 F 47 OD Pre- and sub-retinal membrane Preretinal membrane Posterior pole visible
27 M 42 (0N} Invisible Invisible Invisible

28 M 37 (6N Retinal hole, preretinal membrane Invisible Posterior pole visible

operation for corneal or sclera laceration repair, and had
regularly follow up afterwards.

All patients were followed up routinely for visual acuity,
intraocular pressure and slit lamp examinations. For fundus
examination and comparison of positive findings of traumatic
retinopathies, three qualified doctors performed the exam
with only one method each separately in a blind way. Doctor
A performed direct ophthalmoscopy using a YZ6E direct
ophthalmoscope (Suzhou, China). Doctor B did conventional
45-degree fundus photography with a KOWA fundus camera
(KOWA, Japan), and Doctor C applied UWF imaging with an
Optomap panoramic 200Tx laser scanning ophthalmoscope
(Optos 200TX, Optos PLC, Dunfermline, Scotland, UK).
If the corneal scar in the pupil area or pupil had a severe
shift, the eye position was adjusted to change the location
and angle of the laser into the eye. If necessary, eye position
guidance was given so as to achieve fundus scanning. The
three doctors did not know the patient’s condition and other
test results. And finally, these examination results were
confirmed by the chief doctor (Lyu HB) and analyzed.
Statistical Analysis SPSS17.0 software was used to perform
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2 tests, and Bonferroni correction method was used to compare
the positive finding rate. Statistical significance was defined as
P<0.05.

RESULTS

Patient Characteristics Twenty-cight patients with complicated
ocular trauma were enrolled in this study, including 19 males
and 9 females, with an average age of 43.42+12.62 (11 to 64)y.
Causes of trauma included injury by nails, blades, emery
wheels, stones, efc; while some other eyes mergered injury
of physical damages such as car accident and high fall injury.
Blast injury was also included. All of the 28 cases had eye
penetrating injuries or globe rupture, and/or intraocular foreign
bodies accompanied with corneal and scleral injury, varying
degrees of iridodiastasis, lens dislocation, vitreous hemorrhage,
retinal detachment and other serious injuries. The time interval
between emergency operation for wound closure and elective
vitrectomy was about 1-8wk, while the follow up time points
was about 1 to 3mo after secondary vitrectomy. The patient
characteristics are summarized in Table 1. The anterior segment
photographs of 28 cases are shown in Figure 1. Representative
cases are shown in Figures 2-5.
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Figure 1 Anterior segment photographs of 28 traumatized eyes with corneal scar and/or fixed small pupil Each photo is corresponding to

the case number in Table 1 from left to right and then up to down.
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Figure 2 The left injured eye of Case 7 with pupil displacement The pupil superonasal shift after primary wound repair of left eye, and

posterior synechia appears (A) and 45° fundus photograph shows the dis and a vague retinal vasculature (B). UWF image shows clear laser spots

(white arrowheads) and retinal proliferating strips in the peripheral area (red arrows) (C).

Table 2 Findings of 3 fundus examinations of 28 traumatized eyes with corneal scar or fixed small pupil

Examination results Ultra wide-field imaging 45° fundus photography Direct ophthalmoscopy
Pre- or sub-retinal membrane 8 2 3

Preretinal proliferating strip 4 1 2

Subretinal hemorrhage 3 0 1

Retinal vein occlusion 1 0 0

Retinal hole 3 1 0

Retinal detachment 1 1 1

Vitreous hemorrhage 2 0 1

Optic nerve atrophy 2 0 1

Total (detection rate, %) 24 (85.7) 5(14.9) 9(32.1)

Three Fundus Examinations The results of direct
ophthalmoscopy, traditional 45-degree fundus examination
and UWF imaging showed positive traumatic fundus changes
in 9 cases (32.1%), 5 cases (14.9 %), and 24 cases (85.7%),
respectively (Table 2).

The difference was statistically significant (Bonferroni
correction, P<0.001) while there was no statistical difference
between the conventional 45-degree fundus photography and
direct ophthalmoscopy (Bonferroni correction, P>0.017).

Among the 28 patients, 24 injured eyes were detected fundus
lesions by UWF imaging. Among them, 8 eyes (28.6%, Cases
1, 2,5, 12,21, 22, 23 and 26) had periretinal membranes,
which received no special treatment and/or were treated when
silicone oil was removed. Four eyes (14.3%, Cases 6, 7, 14 and
20) appeared proliferating band before optic disk, of whom 2
eyes had no light perception; subretinal hemorrhage occurred
in 3 eyes and spontaneously absorbed in 2 eyes (Figure 5).
One eye (3.6%, Case 8) had retinal vein occlusion, diagnosed
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Figure 3 The left penetrating injured eye of Case 1 with corneoscleral laceration A: Linear corneal scar from 1 to 4:30 o’clock,
accompanying corneal opacities; B: The fundus is invisible through the 45° fundus photography; C: UWF image shows silicone oil filling in

vitreous cavity, laser spots and pre-retinal membranes.

:

Figure 4 The left penetrating injured eye of of Case 4 with limbus laceration A: Linear corneal scar from 1 to 9 o’clock, beyond the edge of
pupil; B: The 45° fundus photograph shows the disc and pre-retinal membrane; C: UWF image shows silicone oil filling in vitreous cavity, laser
spot, retinal proliferating strips (white arrow) and retinal hole (red arrow); D: One week after the removal of silicone oil, retinal hole has been
closed, with laser spots surrounding (red arrow). A small number of retinal proliferative membranes are still visible (white arrow).

Figure 5 The right penetrating injured eye of of Case 15 with limbus laceration A: Linear corneal scar from 11 to 5 o’clock, accompanying

corneal opacities; B: Fundus is invisible through the 45° fundus photography; C: UWF image shows pre-retinal membrane (red arrow) near the

optic disc, and mass subretinal hemorrhage (white arrows); D: A large proliferated membrane is observed at the temporal side of optic disc, and

subretinal hemorrhage has been absorbed 3mo after surgery.

as ischemic type by fluorescence fundus angiography, and
was given retinal laser photocoagulation. Three eyes (10.7%,
Cases 13, 16 and 28) were complicated with retinal breaks,
of which one eye received laser photocoagulation while
one-eye had retinal detachment and was treated with an
additional vitrectomy. Two eyes (7.1%, Cases 17 and 24) were
complicated with vitreous hemorrhage, of which one case
had a second vitrectomy and the other received conservative
treatment. Two eyes (7.1%, Cases 4 and 18) appeared optic
nerve atrophy without special treatment.

DISCUSSION

We believe our study compares favorably with other
contemporary studies in terms of its meaningful results. It

is generally known that ocular trauma is a major vision-

1374

threatening disease and responsible for monocular blindness
and low vision worldwide, according to the report that about
1.6 million of the world’s monocular blindness is caused
by trauma'. In China, ocular trauma is the primary cause
of monocular blindness, and mechanical ocular trauma,
especially open ocular trauma accounts for the majority™.
Traumatic retinopathy is the main cause of eye injury-induced
irreversible damage. In recent years, introduction of the
advanced ophthalmic examination equipment, such as optical
coherence tomography (OCT)™, adaptive optics scanning
ophthalmoscope (AOSO)™ and fundus autofluorescence
(FAF)™ made the evaluation of traumatic retinopathy more
effective. However, complicated ocular trauma often associated
with the anterior segment involving the cornea and the iris.
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After primary wound repair of the cornea and secondary
vitrectomy, serious complications such as corneal scar
formation, iris defect and adhesions, and pupil displacement
remained, which may shadow the optic axis and make the
evaluation for the traumatic retinopathy more difficulty.

In our study, UWF imaging technology was used to
observe a series of patients with complicated ocular trauma
postoperatively. Surprisingly to us, the fundus photos could
not be obtained using conventional photography but did well
with UWF imaging. Among the 28 eyes, 24 ocular fundus
images could be clearly shown, and those findings served as an
indicator for further treatment, which is of great significance to
guide the management of such complicated cases.

UWF Imaging Technology for Fundus Images Under the
Fixed Small Pupil In the UWF imaging system, a concave
dual-focus elliptical mirror device was used. The laser scanning
head and the tested eye are placed on the two focal points of
the elliptical mirror respectively, which can form a virtual
scanning center behind the iris, just like the scanning device
was placed in the eye, and rotated to complete the imaging
of the retina at 200°°. UWF imaging system achieving 200°
range of retina scan needs to ensure at least 140° range of
incident light into the pupil according to its design principle.
In the premise of accurate focus, the lowest imit of pupil
diameter is 2 mm that allowed to ensure 140° range of incident
light into it. As we know the normal pupils diameter range
from 2.5 to 4.0 mm, therefore, the UWF imaging system can
achieve 200° retinal imaging under the condition of non-
mydriatic pupil”. The effective pupil diameter of patients with
complicated ocular trauma that allow the laser to enter may be
less than the normal due to factors such as pupil displacement,
iris adhesion, pupil deformation, or occlusion of corneal scars,
we can adjust the position of incident light to make the angle
reach or be close to 140° before laser reaches real focus, and
thus achieving ultra-wide field of the eye laser scanning. In
our study, 8 patients would not be obtained the fundus imaging
totally by conventional fundus examination due to pupil shift
or iris adhesions, while they were detected by UWF imaging
(Figures 2 and 4).

UWF Imaging Technology for Fundus Images Under
Corneal Scar In our study, all patients were associated
with various extent and transparency of corneal scar. The
relationship of corneal scar and UWF imaging can be
summarized as follows: when the corneal scar is close to but
not beyond the pupil edge (having 2-3 mm transparent area
in the visual axis), a clear fundus imaging with about 200°
range can be achieved; when the scar is beyond the edge of
the pupil, a clear fundus imaging with a certain range can
also be achieved by adjusting the location and angle of laser
scanning, no matter whether it is accompanied with changes in

pupil morphology (Figure 4). When the corneal scar covers the

pupil area, a certain range of clear fundus imaging can also be
achieved, as the UWF imaging system has a strong penetration
because a red and green laser for scanning are simultaneously
applied (Figures 3 and 5). In this study, 3 patients (Cases 9,
11 and 27) with severe corneal leukoplakia did not obtain the
fundus imaging.

Evaluating Traumatic Retinopathy For the Management
of Complicated Ocular Trauma Due to the factors such as
corneal scar and pupil deformation which block visual axis,
the fundus could be difficult to be viewed after operations. The
fundus lesions, such as proliferative periretinal membrane,
subretinal hemorrhage (Figure 5), retinal vascular occlusion,
and optic nerve atrophy could seriously affect prognosis.
Traumatic proliferative vitreoretinopathy (tPVR) is observed in
more than 70% of patients with open globe injuries involving
the posterior segment, and usually progresses to traction retinal
detachment®, tPVR and traction retinal detachment have
been confirmed as major risk factors for poor anatomical and

*' In our study, we found

functional outcomes after injury'
that complicated injured eyes after vitrectomy was associated
with obvious proliferation, characterized by membranes
or strands, which caused by trauma-induced inflammatory
response, retinal gliosis and fibrosis'>"*. Studies have also
shown that silicone oil is closely related to recurrent PVR"*'¥ and
timely detection of traumatic retinopathy may help to prevent
further visual loss in silicone oil-filled eye.

Subretinal hemorrhage can result from trauma or vitreoretinal
surgery and affect visual function due to separation of the
neural retina and pigment epithelium, and photoreceptor cell
death!"®. In this study, 3 cases of subretinal hemorrhage were
found, and some of them was absorpted.

In our study, 12 patients (50%) had distinct extent of
proliferative membranes on the macular area, optic disc and
other structures, resulting in light perception vision. Other
retinopathies found in our study, such as retinal breaks,
retinal vein occlusion"”) if not timely found and interfered,
may induce retinal detachment, vitreous hemorrhage and
other serious complications, which need repeat treatment and
operation.

The limitations of this study include insufficient sample due to
the poor patient compliance. Secondly, the time of follow up
was limited, so some long-term outcomes did not effectively
present. We would include more cases and follow longer in
future study.

Moreover, UWF imaging technology still has some limitations.
Because of the “Greenland effect”, a spherical surface greater
than a 180° was presented in the form of a plane, causing
the deformation of the peripheral image. And the fundus
pseudocolor images scanned by UWF imaging still has a
certain degree of distortion"*’. Laser scanning with the present
wave lengths can still not penetrate the full-thickness cornea
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scar to achieve fundus imaging. If corneal scar is too large
and opaque, the pupil is seriously deformed, or the eye can’t
move due to extraocular muscle injury, the imaging taken and
adjustment of patient’s eye position would be very difficult
and time-consuming. Mackenze et al'"” reported low diagnosis
sensitivity before the equatorial lesions. However, even if the
imaging range is less than 200° due to the above factors, or
imaging quality is relatively low, it still holds a very significant
advantage compared to traditional fundus examinations.
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