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Background: The prognostic significance of debridement has long been demonstrated for trauma in tissues
other than ocular. Unfortunately, the impact of wound healing in the anterior segment (AS) was not paid as
much attention as in the posterior segment (PS). This study aims to evaluate whether a better prognosis can
be obtained from continuous surgical treatment (CST) before fibrosis or scar formation in an open AS injury.
Methods: In this prospective comparative cohort study, 19 eyes of 19 patients with an experience of
AS open globe injury (OGI) were selected from the database of the eye injury vitrectomy study (EIVS)
from January 1, 2020 to July 31, 2021. Of 19 patients, 9 who received CST were assigned to group 1, and
10 patients without CST after the initial wound repair were included in group 2. Comparison between the
two groups was conducted in the final best corrected visual acuity (BCVA). Significant AS complications
after injury were evaluated with ’ test. The corneal leucoma area ratio, astigmatism, and the score of AS
abnormalities were analyzed using the Student’s #-test.

Results: The differences of baseline clinical factors between the two groups were not statistically
significant. The final BCVA was better in group 1 than in group 2 (P=0.011). The complications directly
caused by AS injury, namely adhesive corneal leucoma, uneven anterior chamber, block of light passing
through the pupil, and fibrosis or scarring, were more frequent in group 2 than in group 1 (P=0.011, 0.022,
0.037, and 0.040, respectively). Secondary glaucoma (3 cases) and severe AS structure destruction (2 cases)
occurred only in group 2 (P=0.037 and 0.474, respectively). The area ratio of leucoma (0.79+0.44, 0.82+0.50,
respectively) and corneal astigmatism (3.69+1.90, 4.50+4.80, respectively) revealed no statistical significance
between the two groups. On the other hand, the score of AS abnormalities, mean values being 93.33+11.18
for group 1 and 67.00+29.46 for group 2, was statistically different (P=0.022).

Conclusions: Initiating CST before fibrosis or scar formation might improve the prognosis of open AS

injury, which was preferable to natural wound healing after wound repair.
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Introduction

Open globe injury (OGI) is one of the major causes of
irreversible visual impairment worldwide (1). It is defined
according to the Birmingham Eye Trauma Terminology
System (BETTS) and new proposed classification as a full-
thickness wound of the eye wall with the mechanisms of
injury including rupture, penetration, intraocular foreign
body, perforation, and mixed injury (2,3). It can cause
various types of damage to the intraocular structures and
involve the anterior segment (AS), posterior segment
(PS), or both. Open injuries of the AS accounted for about
80% of ocular injuries, which consisted of full-thickness
lacerations of the corneal and the anterior sclera within
5 mm behind the limbus (4-6).

The human wound healing process is classically
characterized into three stages: inflammation, proliferation,
and remodeling (7,8). These stages culminate in scar
formation (9). Primary repair of OGI consists of suturing
the corneal and/or scleral wounds to provide a watertight
closure and excising or reducing the prolapsed ocular
contents. Most ophthalmic practitioners prefer initially
performing a primary repair of the wounds to restore the
integrity of the globe and normal intraocular pressure (IOP),
followed by a delayed secondary procedure, if needed (10).
The next step of the classic treatment for most cases is to
wait for the natural healing process of the injured eye.

The prognostic significance of debridement has long
been demonstrated for trauma other than intraocular
tissues, for instance, for general surgery (11) of oral and
maxillofacial, osteopathic (12,13), gynecological (14-16),
and dermatologic tissue (17). For injuries involving PS,
a vitrectomy is often applied to treat the eye injury. A
vitrectomy in open traumatized eyes consists of intraocular
debridement. Its main purpose is to remove vitreous
hemorrhage and vitreous gel, reattach the detached retina,
and clear the complex mass on the wound site because these
factors are considered the basis for traumatic proliferative
vitreoretinopathy (tPVR) (18-23). tPVR is an undesirable
abnormal proliferation and a devastating complication in
open injured eyes. After an OGI, the timing of a vitrectomy
is urgent because the vitrectomy is closely associated with
tPVR. It has been reported that vitrectomy performed more
than 28 days after an OGI is more likely to lead to loss of
the traumatized eye (24).

There are reasons to believe that the wound-healing
process in the AS should follow that of PS. Some
posttraumatic complications, such as adhesive corneal
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leukoma, secondary glaucoma, iris-pupil adherence, and
ciliary epithelium detachment, generally occur because
of malformed healing of disorganized tissues induced
by AS injury, especially around the site of the wound.
Unfortunately, the process of wound healing in the AS has
not received as much attention as that of PS. According to
previous studies of AS injury, the performance of pars plana
vitrectomy, aphakia after initial trauma, loss of iris tissue
and ciliary body damage, for instance, were associated with
poor visual outcome (25,26). Continuous surgical treatment
(CST), on the other hand, was not drawn attention to
in any studies before. More research is needed to assess
whether CST benefits the prognosis of patients with AS by
debriding and reconstructing disorganized tissues before
scar formation occurs. Continuous treatment of AS in cases
of OGI can be used to interrupt this unfavorable healing
process. CST is defined as anterior vitreous surgery within
4 weeks after the initial wound repair of the injury. To our
knowledge, previous studies have not investigated this
subject.

Our study aims to explore whether timely and proper
continuous treatment can improve the prognosis of AS
OGIs by comparing the ocular structure and visual function.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-645/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study is a
sub-study of the eye injury vitrectomy study (EIVS), which
is a multi-center study led by Peking University Third
Hospital. The study was approved by Peking University
Third Hospital Ethics Committee (No. IRB00006761-
2012060) and Peking University International Hospital was
informed and agreed with the study. Informed consent was
taken from all the patients.

Patients involved in this prospective comparative cohort
study were recruited from January 1, 2020 to July 31, 2021
with an experience of AS OGI. The exclusion criteria
included: (I) less than 6-month follow-up period; (II) previous
ocular surgery; and (III) missing information on initial or
final visual acuity (VA). Nine patients who had an OGI
involved in the AS received an anterior vitrectomy (1 patient)
or AS treatment as part of a pars plana vitrectomy (8 patients)
within 8 weeks after initial wound repair. These 9 patients’
ocular conditions were consistent with the timing and
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Table 1 Demographics and injury-related features

Features Group 1 (n=9) Group 2 (n=10) P value
Gender 0.510
Male 6 (66.7) 8(80.0)
Female 3(33.3) 2(20.0)
Age (years) 18.89+13.14 [6-44] 22.30+12.17 [5-36] 0.564
Subtypes of open injury 0.281
Laceration 7(77.8) 9 (90.0)
Penetration 2 (22.2) 1(10.0
Intraocular foreign body 2(22.2) 0 (0.0
Wound location 0.701
Zone | 7(77.8) 7 (70.0)
Zone ll 2 (22.2) 3(30.0)

Data are shown as n (%) or mean + standard deviation [range]. Group 1: patients with AS open globe injuries who received CST; group 2:
patients without CST after the initial wound repair. AS, anterior segment; CST, continuous surgical treatment.

indications for OGI vitrectomy. Besides, the scar formation
had not occurred. Ten patients who did not undergo surgical
intervention after the initial wound repair but had the same
other features as patients in group 1 were assigned to group
2. All group 1 patients were visited at 1 week, 4 weeks,
12 weeks, and 6 months after CST and the baseline clinical
factors and research data were collected and evaluated by the
same doctor.

Patients’ demographic information and injury-related
clinical characteristics are summarized in 7able 1. According
to the Ocular Trauma Classification Group guidelines (27),
wound location was divided into three zones as follows: zone
I, injury within the cornea, including the limbal area; zone II,
an anterior injury within 5 mm of the sclera (not extending
into the retina); and zone III, a scleral injury that extended
more than 5 mm posteriorly from the limbus. The zone
of injury is defined according to the location of the most
posterior aspect of the injury. Only zone I and zone II injuries
were involved in this research because they were AS OGI.

The area of corneal leucoma was drawn and calculated
with Image] software (National Institutes of Health,
Bethesda, MDD, USA). The ratio of the corneal leucoma area
compared to the total cornea was expressed as a decimal in
the calculation. The presumably significant complications
in this study were protocoled and summarized (7able 2).
The presence or absence of complications was evaluated as
1 or 0, respectively.

Corneal astigmatism was measured using a Pentacam
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(Oculus, Wetzlar, Germany) confined to the central area in
a 4-mm diameter. Refractive error for regular astigmatism
was analyzed using the results of optometry tests. Hypotony
was defined as an IOP equal or less than 6 mmHg combined
with signs of blood-aqueous barrier breakdown, such as the
Tyndall phenomenon in the anterior chamber or vitreous
cavity.

Details of primary and subsequent surgical management,
the duration of follow-up, best corrected visual acuity
(BCVA), and IOP at the final visit were reviewed. BCVA was
recorded by reading the Snellen chart if the patients could
read the chart. The VA of finger counting, hand motion,
or light perception were converted digitally into 20/1600,
20/3,200, and 20/3,200, respectively. All the patients were
followed up for more than 3 months postoperatively.

The pathologies in the AS, such as adhesive corneal
leucoma, anterior/posterior synechia of iris, different
depth of peripheral anterior chamber, severe destruction
of AS, light pass through pupil, fibrosis/scar in the AS, and
secondary glaucoma, were also reviewed (Tuble 3). Severe
destruction of the AS was defined as the structures being
highly disorganized and irreparable (Figure I). Only 2 cases
of group 2 had severe destruction of the AS. The light
passing through the pupil was recorded as being blocked
and unimpeded. In the last follow-up, fibrosis or scarring in
the pupil area was used as a marker of residual fibrillation
and/or scar tissue at the plane of the iris/lens.

The score of the AS injury was recorded as 100 points if

Quant Imaging Med Surg 2023;13(9):6257-6267 | https://dx.doi.org/10.21037/qims-23-645



6260

Wang et al. Continuous treatment of AS eye injury

Table 2 Comparison of initial and outcome of VA between groups 1 and 2 (chi-square test)

BCVA (Snellen) Group 1 Group 2 Total P value
Initial 0.366
<20/200 9 (100.0) 8 (80.0) 17 (89.5)
20/200-20/66.67 0(0.0) 1(10.0) 1(5.3)
>20/66.67 0(0.0) 1(10.0) 1(56.3)
Total 9 10 19
Post-treatment 0.011
<20/200 1(11.1) 8 (80.0) 9 (47.4)
20/200-20/66.67 3(33.3) 1(10.0) 4(21.1)
>20/66.67 5 (55.6) 1(10.0) 6 (31.6)
Total 9 10 19

Data are shown as n (%) or number of cases. Group 1: patients with AS open globe injuries who received CST; group 2: patients without
CST after the initial wound repair. VA, visual acuity; BCVA, best corrected visual acuity; CST, continuous surgical treatment; AS, anterior

segment.

Table 3 Comparison of presumably significant complications associated with AS injury between the two groups

Complications Group 1 (n=9) Group 2 (n=10) P value
Adhesive corneal leucoma 0 6 0.011
Uneven anterior chamber by slit lamp/AS OCT/UBM 1 6 0.022
Blocking the light passing through the pupil 0 3 0.037
Fibrosis or scarring in the AS 3 8 0.040
Secondary glaucoma 0 3 0.037
Severe destruction of the AS 0 2 0.474

Data are shown as number of cases. Group 1: patients with AS open globe injuries who received CST; group 2: patients without CST after
the initial wound repair. AS, anterior segment; OCT, optical coherence tomography; UBM, ultrasound biomicroscope; CST, continuous

surgical treatment.

there was no AS involved previously mentioned and listed
in Table 3. With each involvement, we deducted 10 points,
then calculated the score for each patient and compared the
differences between the two groups.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 (IBM,
Armonk, NY, USA). The Student’s z-test was used to
analyze continuous variables, such as differences in the
VA outcome, corneal leucoma area ratio/astigmatism, and
score of anterior injury between the continuous treatment
group (treatment) and the initial treatment group (control).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The chi-squared test or Fisher’s exact test were performed
to compare demographic characteristics, injury-related
features, and the occurrence of significant complications
associated with AS injury between the two groups. P values
less than 0.05 were considered statistically significant.

Results

The patients in group 1 (treatment) and group 2 (control)
were comparable statistically in the aspects of gender, age,
types of injury, and involved wound location (7able I). The
profiles of the VA outcomes by the end of the study are
shown in Table 2. The initial VA of two groups was not
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statistically significant (P=0.366). The general trends in the
final outcome in BCVA after intervention were statistically
better in group 1 than in group 2 (P=0.011). The
abnormalities and severe complications caused by AS injury
are listed in Table 3. Adhesive corneal leucoma, an uneven
anterior chamber, blocked light passing through the pupil,
and fibrosis or scarring in the AS more frequently occurred
in group 2 (P=0.011, 0.022, 0.037, and 0.040, respectively).
Three cases of secondary glaucoma occurred in group 2
with a significant difference compared to group 1 (P=0.037).
Two cases of severe AS structure destruction appeared
in group 2, but the result was not statistically significant
(P=0.474), possibly because of the limited sample size of
this study. The area ratio of leucoma (0.79+0.44, 0.82+0.50,
respectively) and corneal astigmatism (3.69+1.90, 4.50+4.80,
respectively) revealed not statistically significant between
the two groups (Table 4). On the other hand, the score of
AS abnormalities, mean values being 93.33+11.18 for group
1 and 67.00£29.46 for group 2, was statistically different
(P=0.022). As exhibited in Figure 2, group 1 benefitted more

Figure 1 The right eye of a 15-year-old male sustained a knife cut
injury 10 years earlier. The eye showed initial wound repair, light
perception, IOP of 24.6 mmHg, and the complication of eyeball

expansion. IOP, intraocular pressure.

from CST than group 2.

Discussion

The benefits of debridement are well-established in other
surgical fields, with the exception of intraocular settings
(11-17). Ophthalmologists have been conducting
debridement in open injured eyes even though there are
no formulated guidelines for the procedure. However,
the wound-healing processes of ocular tissues show the
similarity of the characteristics to other tissues (8). The
main principle of general surgery is to remove contaminated
or infectious necrotic tissue (28). However, intraocular
debridement differs from other tissues after injury because
the intraocular tissue is not infected. Instead, intraocular
debridement aims to eliminate the causes of persistent
inflammation and abnormal proliferation.

With recent advances in molecular, genetic, and imaging
techniques, the endogenous electric fields are considered as
key role in wound healing processes. Electric fields are along
consistently with the repair process and are considered
overriding guidance role in directing cell migration in
epithelia wound healing. The current emittance after the
tail of the tadpole is cut off lasts 8-10 hours. If this residue
is renewable, it will generate an inward current flow that
regenerates throughout the process (29). Thus, if the repair
process of injured tissue is not completed, the electric
fields governing cell migration and proliferation will not
terminate (30). These findings suggest that curtailing the
chronic repair process of damaged tissue as early as possible
can reduce long-term complications caused by abnormal
proliferation.

In term of histology of wound repair and regeneration,
the concept of cellular patterning suggests that the repair
results of injured tissue depend on the spatiotemporal
conditions of the environment in which they live (8,29).
The purpose of CST for AS OGI is not to remove the

necrotic tissue/infectious tissue as does in general surgeries,

Table 4 Statistical analysis of corneal leucoma area ratio/astigmatism and the score of anterior injury

Variables Group 1 Group 2 P value
Area ratio (ratio of leucoma and the whole cornea) 0.79+0.44 0.82+0.50 0.897
Corneal astigmatism 3.69+1.90 4.50+4.80 0.671
Score of AS abnormalities 93.33+11.18 67.00+29.46 0.022

Data are shown as mean =+ standard deviation. Group 1: patients with AS open globe injuries who received CST; group 2: patients without
CST after the initial wound repair. AS, anterior segment; CST, continuous surgical treatment.
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Figure 2 The gross appearance of the AS in the control and continuously treated groups. The left column shows the series of selected
4 cases from the control group. The middle and right columns exhibit 4 eyes selected from the treated group with paired pictures that show

preoperative and postoperative configurations. These images are published with the patients’ consent. AS, anterior segment.

but to improve the prognosis of the injured eye by the local repair environment.

eliminating structurally disorganized tissues. This can be The 3 stages of wound healing of ocular tissues are
done by dissecting the connection with the inner site of the inextricably linked to the extracellular matrix in each
wound tract, restoring the residual AS tissue, and improving stage (7). The breakdown of extracellular matrix is essential
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Figure 3 Thirteen days after the corneal-scleral laceration. (A) The corneal wound is not yet scarred, and the scleral wound is disrupted; (B)

the inner site of the wound is composed of blood clots and other incarcerated tissues (red arrowhead). Next to the complex mass, the residue

of the injured lens (red arrow) and detached ciliary epithelial is visible (black arrow).

Figure 4 Forty-five days after trauma of cornea and sclera. (A) The ruptured corneal-scleral wound is in its early stage of leucoma; (B) the

complex mass on the site of the inner wound has become scar-like tissue around the central part. On the top of the mass, a blood clot looks

fibrous (red arrow).

for wound healing and scar tissue formation. Tissue repair
commences immediately following injury and most often
culminates in the replacement of damaged tissue with an
acellular fibrotic matrix (i.e., scar tissue). In other words,
abnormal healing of the wound after injury may cause even
worse consequences due to scar tissue formation. Possible
consequences include adhesive corneal leucoma and synechia
of the iris, insufficient transparency of the refracting media,
and the uneven depth of the peripheral anterior chamber
that could damage the aqueous humor drainage system.
Prolonged inflammation and insufficient resurfacing

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

exacerbate excessive collagen deposition, thus leading to
impaired wound healing (i.e., fibrosis), which impedes
functional recovery. These consequences can be prevented
with CST for the open injury in the AS at the proper time
after primary wound repair and before scar formation.
Figures 3-5 show various stages in the three injured eyes
at time intervals of 13 days, 45 days, and 6 months between
the injury and surgery. These figures show the injured
tissues eventually lead to fibrosis or scarring in the AS, the
severity of the fibrosis and scarring in disorganized tissues
and the wound site deteriorated over time after injury. The
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Figure 5 Six months after an explosive injury. (A) The whole cornea is scarred, and extensive synechia with tissues underneath was

discovered after trephine of the cornea patch. The ciliary ring is centrally contracted by thick membrane formation. (B) The specimen from

the scar tissue of (A) was histopathologically observed with PAS stain (10x). The scar tissue located at the upper right part is composed of

collagenous fibers, pigment tissue, and fibrotic corneal tissues, which can be recognized by the PAS-positive Descemet’s membrane (red

arrows). The original tissue cannot be differentiated from the pigment tissues. R becomes disorganized and loosened. ERM can be observed.

The pathologies in (A,B) imply that the proliferative processes are synchronous in the AS and PS. PAS, periodic acid-Schiff; R, retinal tissue;

ERM, epiretinal membrane; AS, anterior segment; PS, posterior segment.

abnormal proliferation and wound healing processes were
synchronized in the AS and PS.

A review of 1,375 enucleations in the TongRen eye
center in Beijing, China, showed that ocular trauma was the
leading cause of these enucleations (31). The corneal-scleral
wounds accounted for 40.4% of the enucleations. Abnormal
histopathological findings in the AS showed anterior
synechiae and secondary angle closure (46.9%), complicated
with glaucomatous cupping of the optic nerve head (40.1%),
pupillary membranes (14.3%), and anterior chamber
membranes (13.5%), and intraocular inflammatory reactions
(10.9%). These results demonstrated that AS involvement in
OGI accounted for many injuries, and the prognosis could
be improved with a better treatment regime.

A review by Cleary et al. (22) and Winthrop et al. (32)
in 1979-1980 showed that many trauma-caused AS
abnormalities had a posterior penetrating injury. These
injuries included the ciliary processes being drawn up to
the wound, the fibrous tissue forming a cyclitic membrane,
and the proliferation of the non-pigmented ciliary
epithelium 21 days after the injury (22). The condensed
vitreous fibrils became incorporated into the peripheral
corneal wound (32). These dynamic observations in the
experiment were compared with the enucleated eye globes
that resulted from injury (31). We considered that CST
of the AS in conjunction with a vitrectomy improved the
prognosis according to these reports.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Similar to the treatment of open injuries in the PS, the
timing of continuous treatment is imperative to prevent
complications in the AS after injury. Historically, the
timing of a vitrectomy for open injuries in the PS has been
controversial (33-37). Based on the EIVS results from a
prospective cohort multicenter clinical study, vitrectomy
should be carried out no later than 4 weeks after the injury
is sustained (24). Similar results were concluded in a
clinical histopathological investigation (38). In Figure 3, the
optimal timing (13 days) for CST was implemented after
the injury. Figure 5 shows a case in which the operation
on the injured eye occurred after the optimal timing. Any
change to a clinical routine must be based on evidence.

We compared the incidence of disorganized structure
in the AS between the two groups. Optimally-timed CST
reduced the chronic inflammation and rebuilt the wound
surface. This resulted in less adhesive corneal leucoma and
synechia of the iris. In addition, the amount of light passing
through the pupil and the depth of the peripheral anterior
chamber were less affected.

We initially presumed that the area of corneal scar should
be larger in group 2, since more adherent corneal leucoma
showed up in this group, which can induce more extensive
opacity. The statistical analysis did not show a significant
difference between the two groups. Adherent corneal
leucoma occurred in 6 cases in group 2, while there were no
manifestations in group 1 (chi-squared test, P<0.05). The
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difference between two analytic results could be attributed
to the accuracy of the manually-drawn measurements for
the opacity area. More precise results can be obtained
using anterior optical coherence tomography (OCT)
and expanding the sample size. Three cases of secondary
glaucoma occurred in group 2, while patients in group 1 had
normal IOP 1 (P<0.05). One case with 6-9 mmHg ocular
hypotony also occurred in group 2. Our study demonstrated
that CST prevented long-term complications.

Eight cases in group 1 received continuous treatment of
the AS combined with vitreous surgery. The time intervals
between initial wound repair and pars plana vitrectomy
were less than 14 days in 3 cases, while the intervals were
more than 4 weeks but less than 8 weeks in 5 cases. There
were no differences among the 8 cases in terms of their
recovery profile based on an AS assessment. Our study
demonstrated that CST of the AS in conjunction with a
vitrectomy improved the prognosis.

Our study had limitations. This study only included
two centers and contained a relatively small sample size. If
the sample size is expanded, some different results could
be revealed, such as ratio of keratoleucoma area/total of
cornea.

Conclusions

The benefits and necessity of wound debridement have
been established in general surgery and other surgical
subspecialties. However, techniques for the debridement
of AS OGI have not been standardized. The nature course
of wound healing in AS follows general rule in intraocular
tissues and the pathological processes are synchronized
with the wound healing in PS. Our study shows that CST
initiated before scar formation can prevent complications
when treating open AS injuries. The results of our study
supply evidence for a standardized clinical routine to
manage open AS injuries. Multicenter trials and sample
expansion are needed for further investigations.
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