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Pre-operative variables affecting final vision outcome with a critical review of
ocular trauma classification for posterior open globe (zone III) injury

Rupesh Agrawal, Sue Wei Ho', Stephen Teoh

Purpose: To identify pre-operative variables affecting the outcome of posterior open globe (zone III) injuries.
Secondary objective was to re-look at the definition or landmarks for zone Il injury and its clinical significance
for predicting visual prognosis following open globe injury. Materials and Methods: Retrospective review
of medical records of all hospitalized patients with surgical repair of open globe injury over last 10 years at
a tertiary referral eye care center in Singapore. Out of 172 eyes with open globe injury, 28 eyes (16.3%) with
zone III injury was identified and reviewed further. Pre-operative visual acuity (VA) and other variables,
extent of scleral wound in reference to rectus insertion, relative afferent pupillary defect (RAPD) and final
vision outcome were recorded. Results: Median age was 37 years with male predilection (92.9%). Mean
follow-up was 12.9 months. Pre-operative VA was no light perception (NLP) in 16 (57.1%) eyes. Final VA
remained NLP in 14 eyes (50.0%). The factors contributing to poor post-operative vision based on univariate
regression analysis were the presence of RAPD, poor pre-operative VA, blunt trauma, extent of trauma,
associated traumatic cataract, hyphema, vitreous loss and associated vitreo-retinal trauma. Further on, zone
III injuries with scleral wound limited anterior to rectus insertion (6 eyes) had better vision outcome than
those with injuries extending beyond rectus insertion (22 eyes). Conclusion: Initial VA, blunt ocular trauma,
visual axis involvement, loss of light perception, presence of RAPD, traumatic cataract, hyphema, vitreous
loss were the important determinants for final visual outcome in patients with zone III injury. Wound
extending posterior to rectus insertion has poorer outcome as those limited anterior to rectus insertion.
We suggest that there may be a need to relook at zone III injuries with reference to rectus insertion for
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prognostic significance, and further studies are warranted.
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Ocular trauma is a leading cause of visual morbidity
world-wide.l" It accounts for about 50% of all eye casualties
admitted in developed countries.” It impacts not only the
individual, but also the country’s healthcare system and
community.?4

The Ocular Trauma Classification group classified
mechanical injuries of the eye into open globe and closed
globe injuries.! The classification system was based on four
specific variables that have been of prognostic significance for
final visual outcome: Type of injury, grade of injury (based
on visual acuity (VA) at the initial examination), presence of
relative afferent pupillary defect (RAPD) and the zone of injury.
The zone of injury was defined by the location of the most
posterior aspect of the globe opening [Fig. 1]. Zone I injuries
occur when the break in the globe was isolated to the cornea
or corneoscleral limbus [Fig. 1]. Zone II injuries are those that
involved anterior 5 mm of the sclera-5 mm extension into the
sclera is chosen as a landmark as it has been hypothesized
that wounds located in this zone would not extend posteriorly
beyond the pars plana [Fig. 1]. Zone III injuries are those that
extended full thickness into the sclera more than 5 mm posterior
to the corneoscleral limbus [Fig. 1]. Though, the zone of injury
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was often determined at the time of the initial examination, the
exact extent of the injury may be more accurately determined
during the time of surgical intervention.?

Zone III injuries have been reported to be associated with
poorer outcomes. However, there is limited literature on
pre-operative variables affecting final anatomical and vision
outcome in patients with zone III injuries.’! We aimed to
evaluate the pre-operative variables affecting the final vision
outcome following surgical repair of posterior open globe
injuries. The hypothesis of zone III injuries leading to poorer
final vision outcome was also tested in this study.

Materials and Methods

A retrospective review of medical records of all consecutive
patients who underwent surgical repair of open globe injuries
over 10 years from 2000 to 2009 at a tertiary referral eye care center
in Singapore was carried out after local ethics board approval.
Medical records of all the patients were grouped into 3 zones
based on the extent of injury measured during surgical repair as
defined by the Ocular Trauma Classification [Fig. 1].”! Medical
records of eyes with zone III injuries were further analyzed
in detail. Data collected included patient demographics and
clinical data including laterality, mode and mechanism of injury,
pre-operative VA, presence of RAPD, location and extent of the
injury, ocular structures involved in the injury and number of
surgeries. Final post-operative VA and duration of follow-up
were also documented.

Pre-operative and final post-operative Snellen VA was
divided into five categorical groups for statistical analysis:
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Figure 1: Diagramatic representation of the extent of wound in relation to recti insertion

group 1 (<6/12), group 2 (6/18-6/36), group 3 (6/60 to counting
finger [CF]), group 4 (hand movements [HM] to perception
of light) and group 5 (no light perception). All patients in this
study underwent primary repair within 24 h of emergency
consultation. The final post-operative best corrected VA was
the outcome measured at 6 months follow-up. All patients had
a minimal follow-up of 6 months.

Statistical analysis

Statistical analysis was performed using SPSS for
Windows (version 14, SPSS Inc., Chicago, IL, USA). Fisher’s
exact test was applied to study the factors affecting final
vision outcome individually. Multivariate analysis and logistic
regression analysis were applied to define the association
between final post-operative VA and those factors found to be
significant on univariate analysis. The significance level for all
tests was set as 0.05.

Results

Out of 172 eyes with open globe injuries there were 28 eyes of
28 patients with posterior open globe injuries involving zone
III. The detailed demographics and findings are tabulated
in Table 1a and b. The mean age was 37.7 years, (median
age: 37 years, range 19-74 years) and median follow-up was
6.5 months (mean follow-up: 12.9 months, range 6-60 months).
There was a male predominance (92.9%). Eleven (39.3%)
patients had open globe injury following penetrating trauma
while remaining patients had globe rupture secondary to
blunt trauma. Pre-operative VA was as listed in Table 1a and
was divided into five categorical groups as described above.
Associated hyphema and visual axis involvement were seen
in 24 (85.7%) eyes. Vitreous loss with vitreous hemorrhage
was seen in 20 (71.4%) eyes. Traumatic cataract occurred in
18 (64.3%) eyes and retinal detachment in 50% of eyes. There
were 4 (14.3%) eyes with associated intraocular foreign bodies.
All 28 eyes underwent wound exploration and primary surgical
repair within 24 h of injury. Fourteen (50%) of eyes underwent a
second surgery for retinal detachment and 3 required a further
third surgical procedure. All 14 eyes underwent combined
pars plana vitreo-retina surgery with or without cataract
extraction and 3 patients had additional silicone oil injection
with encirclage. Final VA in correlation with initial VA is cross
tabulated in Table 2. Univariate analysis was performed for

different pre-operative variables affecting final VA outcome.
Pre-operative variables that were found to be statistically
significant are shown in Table 3. However, multivariate analysis
using multinomial logistic regression analysis did not show
any single factor significantly affecting final VA.

Length of laceration or radial extent of scleral wound was
found to be significantly affecting the final vision outcome
based on the univariate analysis. In eyes with zone III injury,
those eyes with scleral wounds extending posterior to rectus
insertion having poorer outcomes than those with scleral
wounds limited anterior to rectus insertion (P = 0.002). The
number of eyes with wound extending anterior or posterior
in relation to rectus insertion is as shown in Fig. 1.

Discussion

There are significant number of studies on preoperative
variables affecting final visual outcome in patients with open
globe injuries.’”™ To out of the numerous factors affecting
final vision outcome, posteriorly extended open globe
injury has been indicated to be one of the poor prognostic
indicator.”¥1 There are, however limited studies on factors
affecting the outcome in posterior open globe injuries (zone
III injuries).! In our study, we attempted to identify factors
affecting final vision outcome in patients specifically with zone
III injuries and also analyzed zone III injuries as a prognostic
indicator for final VA outcome.

Knyazer et al. identified 21 patients with zone Il injury in a
series of open globe injury patients and identified pre-operative
VA, eyelid injury, iris deformity, lens damage, ocular
hypotonia, and retinal detachment as prognostic indicators
associated with final vision outcome. Depending on the site
and extent of retinal detachment and amount of vitreous loss,
the final vision outcome will be affected.! In our study, poor
initial VA correlated with poorer visual outcome, and this
was statistically significant on univariate logistic regression
analysis. Patients who had a pre-operative vision of CF or
better had improvement in the final VA, whereas the majority of
patients with initial VA of HM or worse had poorer final vision
outcome. In our study, vitreo-retinal operations performed
for retinal detachment, proliferative vitreo-retinopathy and
vitreous hemorrhage resulted in improvement in final vision
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Table 1a: Patients with posterior open globe (zone lll) injuries

Case Pre-operative Age Sex Eye Mode of Visual axis Lid Orbital
no. VA (years) injury involvement involvement involvment
1 5 40 Male Right Penetrating Yes Yes No
2 1 27 Male Right Penetrating No No No
3 1 20 Male Left Blunt Yes No No
4 5 32 Male Left Blunt No Yes No
5 5 36 Male Right Penetrating Yes Yes No
6 2 19 Male Left Blunt No No No
7 5 74 Female Right Blunt Yes No No
8 5 36 Male Left Blunt Yes No Yes
9 5 45 Female Left Blunt Yes Yes Yes
10 4 53 Male Right Penetrating Yes No No
11 5 66 Male Left Blunt Yes No No
12 5 29 Male Right Penetrating Yes Yes No
13 5 44 Male Right Penetrating Yes Yes Yes
14 4 38 Male Left Blunt Yes No No
15 4 29 Male Left Blunt Yes No No
16 4 38 Male Left Penetrating Yes No No
17 5 29 Male Left Penetrating Yes No No
18 1 45 Male Left Penetrating No No No
19 5 32 Male Left Blunt Yes No No
20 5 40 Male Right Blunt Yes Yes Yes
21 4 25 Male Left Penetrating Yes No No
22 3 56 Male Left Blunt Yes Yes No
23 4 31 Male Left Blunt Yes No No
24 5 23 Male Right Blunt Yes No Yes
25 5 22 Male Right Blunt Yes Yes No
26 4 44 Male Left Penetrating Yes No No
27 5 43 Male Right Blunt Yes Yes No
28 5 40 Male Right Blunt Yes Yes No

Pre-operative VA: 1 (<6/12), 2 (6/18 to 6/36), 3 (6/60 to counting finger (CF)), 4 (hand movements (HM) to perception of light (PL) and 5 (No light

perception (NLP))), VA: Visual acuity

outcome. The number of operations was found to be statistically
significant for a poorer visual outcome on univariate logistic
regression analysis. This was consistent clinically as second or
subsequent operations were usually performed for associated
vitreo-retinal injury, which had a poorer prognostic outcome.
Conversely, in cases where only scleral wound repair was
required, visual outcome was more favorable because of less
collateral damage requiring second or subsequent surgeries.

We had no cases of post-traumatic or post-operative
endophthalmitis in our study. This could be due to the presence
of an intact conjunctiva covering the break in the globe as seen in
blunt injuries (60.7% eyes) and early intervention within 24 h of
injury in all the eyes. Penetrating injuries due to the high velocity
impact such as fragments from hammering were also less likely
to lead to endophthalmitis as high velocity leads to generation
of heat and hence a relative sterile surface upon penetration. The
presence of vegetative and iron intraocular foreign bodies and
delay in surgical repair and initiation of antibiotics have been
reported to be more likely to result in endophthalmitis .1l

The significant factor, which was noted from this study was
the extent of wound affecting the final vision outcome and

its correlation with insertion of the rectus muscle or “spiral
of Tillaux or annulus of Zinn.” The radial scleral lacerations
extending beyond recti insertion were often associated with
poorer outcome because of co-morbid factors such as retinal
detachment, vitreous traction and significant vitreous loss.
Cases with zone III injuries not extending beyond “annulus
of Zinn” as highlighted in Fig. 1 were associated with good
outcome. The possible explanation for adverse outcome in
injuries extending beyond “annulus of Zinn” is because of
significant vitreo-retinal trauma associated with posteriorly
extending scleral laceration. International Ocular trauma
classification group have defined zone III injuries as those
extending beyond 5 mm of limbus."! Based on the justification
given by ocular trauma classification group, they have
arbitrarily taken it as 5 mm as injuries in that zone may not
extend into pars plana. However, based on literature search,
the anteroposterior length of the ciliary body and hence
the position of the pars plana varies considerably with the
length of the eye. It is always longer on the temporal side and
longest inferotemporally, the most expanded quadrant of the
eye [Fig. 2]."" Temporally it is 5.6-6.3 mm in length, and
nasally 4.6-5.2 mm.!"8l Of importance surgically is the distance
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Table 1b: Patients with posterior open globe (zone Ill) injuries

Case RAPD Lens Hyphema IOFB Vitreous Vitreous Retinal Extending posterior No. of Final Follow-up
no. status loss hemorrhage detachment to rectus insertion operations VA (months)
1 Yes Clear Yes No Yes Yes Yes Yes 3 4 14
2 No Cataract No No Yes No Yes Yes 2 1 7
3 Yes Cataract Yes No No Yes No Yes 1 1 12
4 Yes Clear Yes No Yes Yes No Yes 1 5 10
5 Yes Cataract Yes No Yes No Yes Yes 2 5 6
6 No Clear No No Yes No No Yes 2 1 8
7 Yes Cataract Yes No Yes Yes Yes Yes 2 5 60
8 Yes Cataract Yes No Yes Yes No Yes 1 5 9
9 Yes Cataract Yes No Yes Yes Yes Yes 2 5 24
10 Yes Clear Yes No No Yes No No 3 4 17
11 Yes I0L Yes No Yes Yes No Yes 1 2 11
12 Yes Cataract Yes No No No Yes Yes 2 4 6
13 Yes Cataract Yes Yes Yes Yes Yes Yes 2 5 60
14 Yes Cataract Yes No Yes Yes Yes Yes 2 5 6
15 Yes Cataract Yes No Yes Yes Yes Yes 2 5 6
16 Yes Cataract Yes No Yes No No No 3 2 6
17 Yes Clear Yes No Yes No Yes Yes 2 4 6
18 No Clear No Yes No No No No 1 2 6
19 Yes Cataract Yes No Yes Yes Yes Yes 2 5 6
20 Yes Cataract Yes No Yes Yes Yes Yes 2 5 15
21 No Clear No Yes Yes Yes No Yes 1 4 6
22 Yes Clear Yes No Yes Yes No No 1 1 6
23 Yes Cataract Yes No Yes Yes No No 1 2 8
24 No Cataract Yes No Yes Yes Yes Yes 2 5 6
25 Yes Clear Yes No Yes Yes No Yes 1 5 6
26 No Cataract Yes Yes Yes Yes No No 2 2 24
27 Yes Cataract Yes No Yes No No Yes 1 5 6
28 Yes Cataract Yes No Yes Yes No Yes 1 5 6

Post-operative VA: 1 (<6/12), 2 (6/18 to 6/36), 3 (6/60 to counting finger (CF)), 4 (hand movements (HM) to perception of light (PL) nd 5
(No light perception (NLP))), VA: Visual acuity, RAPD: Relative afferent pupillary defect, IOFB: Intraocular foreign body

Table 2: Cross tabulation of pre-operative versus post-
operative visual acuity

Pre-operative Final visual acuity Total
VA
<6/12 6/18<6/36 6/60-CF HM-PL NLP

<6/12 2 1 0 0 3
6/18-6/36 1 0 0 0 0 1
6/60-CF 1 0 0 0 0 1
HM-PL 0 3 0 2 2 7
NLP 0 1 0 3 12 16
Total 4 5 0 5 14 28

HM-PL: Hand movement-perception of light, NLP: No light perception,
CF: Counting fingers, VA: Visual acuity, P=0.001 (using fisher's exact test)

from the external corneoscleral limbus to the end of the ciliary
body at the ora serrata which marks the beginning of the pars
plana. This may be roughly estimated as 7 mm temporally and
6 mm nasally since in 200 autopsy eyes the slightly shorter
distance from Schwalbe’s line internally to the end of the

Table 3: Univariate analysis of pre-operative variables
affecting final vision outcome in eyes with posterior (zone Ill)

open globe injuries

Pre-operative variables adversely affecting P value
the final VA outcome

Pre-operative visual acuity <0.001
Blunt injury in comparison to penetrating injury 0.003
Presence of visual axis involvement 0.002
Presence of RAPD 0.026
Presence of traumatic cataract <0.001
Presence of hyphema 0.046
Presence of vitreous loss 0.002
More number of operations 0.004
Wound extending posterior to rectus insertion 0.002
Lid laceration 0.710
Orbital trauma 0.901
Retinal detachment 0.924

VA: Visual acuity, RAPD: Relative afferent pupillary defect
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Figure 2: Anterior view of the right globe: Spiral of tillaux is shown with
superimposed location of the ora serrata

ciliary body at the ora serrata averaged 6.53 mm temporally,
5.73 mm nasally, 6.14 mm superiorly, and 6.20 mm inferiorly."!
This distance of ora serrata from corneoscleral limbus almost
coincides and overlaps with Spiral of Tillaux, the imaginary
line along the insertion of all rectus muscle [Fig. 2].1%]

We suggest we should look at the landmark of zone III
injury, and for the same, we may need larger prospective
multicentric studies and the hypothesis, which needs to be
tested is the prognostic significance of zone Il injuries. From
the current study with very small sample size, it’s indicated
that zone III injuries should rather be defined for those
injuries extending beyond “annulus of Zinn” i.e. beyond
rectus insertion, which is not necessarily 5 mm from
limbus and varies with each rectus muscle for prognostic
importance.

We acknowledge that the current study has several
limitations including the small sample size which obviously
is too small to comment on new classification system by itself
for this form of rare injury. Although this is a retrospective case
series, the most important visual and ophthalmic parameters
were collected as routine assessment. However, despite this
limitation, we identified several parameters as potential
predictive factors.

In conclusion, pre-operative variables such as initial VA,
RAPD, extent of wound posterior to recti insertion, retinal
detachment, hyphema, lens involvement, vitreous loss affect
the final vision outcome in posterior open globe injuries which
is very similar to those shown in previous similar studies.
However, landmark of zone III injuries may be redefined to
“annulus of Zinn” instead of conventional 5 mm from limbus
is the important recommendation for further consideration
from the current study.
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