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Abstract
Purpose To explore a new classification scheme for acute ocular burns.
Methods Medical records of 345 patients (450 eyes) with acute ocular burns treated at Shandong Eye Institute between January
2013 and January 2018 with a 12-month minimum follow-up were retrospectively reviewed. A total of 8 parameters in the acute
phase were evaluated and graded on a scale from 0 to 3 according to their severity.
Results The key factors affecting the prognosis of acute ocular burns were conjunctival involvement (386 eyes, 85.8%), corneal
epithelial defect (349 eyes, 77.6%), and limbal ischemia (244 eyes, 54.2%). Visual acuity in 181/450 eyes (40.2%) was worse
than 6/60. The injury severity of the cornea, limbus, bulbar conjunctiva, eyelid, and fornix and intraocular signs in the acute phase
was significantly correlated with the logarithm of the minimum angle of resolution (logMAR) visual acuity (correlation coeffi-
cient [R] 0.481–0.933, P < 0.0001) and corneal opacification, neovascularization, and symblepharon scores in the stable phase (R
0.513–0.855, P < 0.0001). The mean total score for the 8 parameters in the acute phase was 5.34 ± 4.04 (range 0–14); higher
scores indicated worse visual acuity (R = 0.899, P < 0.0001). The total score for acute-phase parameters was significantly
correlated with that for the stable-phase parameters (R = 0.872, P < 0.0001).
Conclusions The severity of acute-phase parameters is significantly correlated with the final visual outcome and prognosis. The
new grading scheme can help clinicians more accurately analyze the degree of ocular burns, determine a reasonable treatment
protocol, and rationally evaluate the prognosis.
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Introduction

Ocular chemical and thermal burns constitute true ophthalmic
emergencies and represent potentially blinding ocular injuries
[1]. The reported prevalence of ocular chemical burns in devel-
oping countries ranges from approximately 1.25 to 4.4% [2, 3].
Chemical burns usually result from either alkaline or acidic
agents. Thermal burns may be caused by accidents associated
with firework explosions, boiling water, steam, or molten metal

(primarily aluminum). Chemical and thermal injuries of the eye
may result in extensive damage to the ocular surface, anterior
segment, and posterior segment, leading to corneal
opacification, ulcer perforation, corneal neovascularization, pte-
rygium formation, symblepharon, and permanent vision loss [4,
5]. Acute interventions are directed at promoting ocular surface
re-epithelialization, controlling the inflammatory response,
preventing tissue melting, and reducing the incidence of com-
plications, such as eye scarring and severe vision loss [6, 7].

The prognosis of ocular burns depends on the chemical and
physical characteristics of the offending agent, its concentra-
tion and temperature, the duration of exposure, the impact
force, and the extent of damage to corneal, limbal, and con-
junctival tissues at the time of injury [4, 8]. Various prognostic
classification schemes based on the extent of ocular damage
are available [9]. The Roper-Hall classification system was
originally proposed by Ballen [10] in 1964 and was later mod-
ified by Roper-Hall [11] in 1965 to provide prognostic guide-
lines based on the degree of corneal haze and the extent of
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limbal ischemia, which is currently the commonly used clas-
sification standard. Dua et al. [12] introduced a new modified
classification system that not only considers the extent of
limbal involvement in clock hours but also includes the per-
centage of conjunctival involvement.

The aim of this study was to initially explore a new classi-
fication scheme based on the clinical characteristics and treat-
ment results of patients with acute ocular burns. This scheme
more comprehensively considers the ocular surface state after
ocular burns, including corneal, limbal, conjunctival, eyelid,
and fornix involvement, intraocular hypertension, and anterior
chamber inflammation, and facilitates a more detailed evalu-
ation of patients with ocular burns to determine their
prognosis.

Patients and methods

Patients

This study was approved by the Institutional Review Board of
Shandong Eye Institute and adhered to the tenets of the
Declaration of Helsinki. The medical records of patients with
ocular chemical or thermal burns treated at our institution
between January 2013 and January 2018 were reviewed ret-
rospectively, and each patient completed a follow-up of at
least 12 months. According to the medical records, data on
the percentage of the corneal epithelial defect, the percentage
of bulbar conjunctival involvement, clock hours of limbal
ischemia, eyelid abnormalities, and fornix involvement (in-
cluding intraocular hypertension and anterior chamber inflam-
mation in the acute phase), as well as information corneal
opacification, vascularization, and symblepharon in the stable
phase, were collected to analyze the treatment methods and
treatment outcomes of the patients.

Classification and grading of eye parameters

We considered 8 parameters, including corneal signs (the
percentage of corneal epithelial defects and clock hours of
limbal ischemia), conjunctival signs (the percentage of bul-
bar conjunctival involvement), eyelid signs (tarsal conjuncti-
va involvement and blepharon defects), fornix signs (fornix
conjunctival involvement), and intraocular abnormalities (in-
traocular hypertension and anterior chamber inflammation),
in the assessment of the clinical characteristics of ocular
burns in the acute stage. Depending on the severity of the
8 parameters in the acute phase and the degree of corneal
opacification, vascularization, and symblepharon in the sta-
ble phase, the 11 parameters were assigned scores of 0, 1, 2,
and 3. Then, the scores for the acute-phase parameters and
stable-phase parameters were added to obtain a total score of
0–14 in the acute phase and 0–9 in the stable phase. A higher

score in the acute phase corresponded to more severely af-
fected eyes.

Scoring criteria for acute-phase parameters (within 1
week after injury)

Corneal epithelial defect: The percentage of the corneal epi-
thelial defect was scored from 0 to 3, where 0 = no epithelial
defect, 1 = an epithelial defect area smaller than 50%, 2 = an
epithelial defect area of 50–100%, and 3 = an epithelial defect
area of 100%.

Limbal involvement: The clock hours of limbal involve-
ment were graded from 0 to 3, where 0 = no limbal involve-
ment, 1 = fewer than 9 clock hours of limbal were involve-
ment, 2 = 9–12 clock hours of limbal involvement, and 3 = 12
clock hours of limbal involvement.

Bulbar conjunctival ischemia: The percentage of bulbar
conjunctival involvement was graded from 0 to 3, where 0 =
no bulbar conjunctival involvement, 1 = less than 50% bulbar
conjunctival involvement, 2 = 50–100% bulbar conjunctival
involvement, and 3 = 100% bulbar conjunctival involvement.

Eyelid, fornix, and intraocular parameters were graded as
follows:

Eyelids: 0 = no tarsal conjunctival involvement and no
blepharon defect, 1 = the presence of only one of the
above two signs, and 2 = the presence of both of the
above signs at the same time.
Fornix parameters: 0 = no fornix conjunctival ischemia
and 1 = fornix conjunctival ischemia.
Intraocular parameters: 0 = no intraocular hypertension or
anterior chamber inflammation, 1 = the presence of only
one of the above two signs, and 2 = the presence of both
of the above signs at the same time.

Scoring criteria for stable-phase parameters (more
than half a year after injury)

Cornea opacification: The severity of corneal opacification
was graded from 0 to 3 [13], where 0 = a clear cornea with
clearly visible iris details, 1 = partial obscuration of the iris
details, 2 = poor visibility of the iris details with a barely
visible pupil margin, and 3 = completely obscured iris and
pupil details (Fig. 1).

Corneal neovascularization: The extent of corneal neovas-
cularization was scored from 0 to 3 [13, 14], where 0 = no
neovascularization, 1 = confined to the limbus of the cornea, 2
= extending up to the margin of the pupil, and 3 = extending
beyond the margin of the pupil into the central cornea (Fig. 1).

Symblepharon: The extent of symblepharon was scored
from 0 to 3 [15], where 0 = no symblepharon, 1 = limited to
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the conjunctiva, 2 = extending to the limbus, and 3 = extend-
ing to the cornea (Fig. 1).

Visual acuity

We categorized 450 eyes from 345 patients according to their
visual acuity in the stable phase. Visual acuity was 6/20 or
better in group 1 (n = 167 eyes), worse than 6/20 and up to and
including 6/60 in group 2 (n = 102 eyes), and worse than 6/60
in group 3 (n = 181 eyes). The visual acuity for counting
fingers, hand movements, and light perception was converted
to 0.004, 0.002, and 0.001 [16], respectively, and the results
were converted to the logarithm of the minimum angle of
resolution (logMAR) visual acuity for statistical analysis.

Treatment method

The treatments included medication and surgery. Medical
treatment: The obvious first step for treating patients diag-
nosed within 24 h after injury is to immediately and thorough-
ly irrigate the ocular surface to remove the offending agent.
Conjunctival sac secretions should be collected for bacterial
culture and drug sensitivity testing to determine the status of
conjunctival sac bacteria and to prevent infections in eyes with
epithelial defects. Commonly used drugs include (1) drugs
that promote ocular surface repair (autologous serum once
per hour and deproteinized calf blood extract eye gel 4 times
per day); (2) drugs that improve local microcirculation in the
eye (the heparin solution of 1000–2000 units per ml is usually

topically administered every15–30 min for 3–5 days, until the
limbal blood vessels become dilated); (3) antibiotics that pre-
vent infections (0.5% levofloxacin eye drops 4 times a day,
ofloxacin eye ointment one night before bed.); and (4) one or
more medications to reduce elevated intraocular pressure
(IOP). Surgical treatment: amniotic membrane transplantation
can be performed repeatedly in patients with conjunctival is-
chemia and corneal epithelial defects until the corneal epithe-
lial defect area is repaired and conjunctival ischemia is im-
proved. If the corneal epithelium fails to heal after multiple
amniotic membrane transplantation attempts, since the stroma
tends to break down or palpebral fissure dysraphism may oc-
cur, tarsorrhaphy is required to promote the recovery and sta-
bility of the ocular surface.

Grading

Acute ocular burns were classified into three grades according
to the clinical characteristics of the acute stage (Table 1).

Grade I was defined as follows: Percentage of corneal ep-
ithelial defects less than 50% (a score less than 1), no limbal
involvement (a score of 0), a percentage of bulbar conjunctival
involvement less than 50% (a score less than 1), and no eyelid
abnormalities, fornix involvement or intraocular abnormalities
(a score of 0). Most of the treatment methods were drugs and
bandage lenses or amniotic membrane transplantation. The
cornea remained transparent during the stable period without
neovascularization or symblepharon (a score of 0). Visual

Fig. 1 Grading scores for corneal opacification, vascularization, and symblepharon
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Table 1 Grading of acute ocular
burns Parameters Grade I (%) Grade II (%) Grade III (%)

Epithelial defect (%)

0 100 (59.9) 0 (5.38) 1 (0.6)

< 50 67 (40.1) 55 (53.9) 2 (1.1)

50~100 0 (0) 45 (44.1) 36 (19.9)

100 0 (0) 2 (2.0) 141 (77.9)

Limbal involvement (clock hours)

0 150 (89.8) 33 (32.4) 23 (12.7)

< 9 17 (10.2) 30 (29.4) 41 (22.7)

9~12 0 (0) 37 (36.3) 54 (29.8)

12 0 (0) 2 (2.0) 63 (34.8)

Bulbar conjunctival ischemia (%)

0 62 (37.1) 0 (0) 2 (1.1)

< 50 97 (58.1) 51 (50) 1 (0.6)

50~100 8 (4.8) 49 (48.0) 53 (29.3)

100 0 (0) 2 (2.0) 125 (69.1)

Eyelid abnormalities

0 149 (89.2) 79 (77.5) 57 (31.5)

1 18 (10.8) 18 (17.6) 74 (40.9)

2 0 (0) 5 (4.9) 50 (27.6)

Forniceal conjunctival ischemia

0 152 (91.0) 84 (82.4) 60 (33.1)

1 15 (9.0) 18 (17.6) 121 (66.9)

Intraocular abnormalities

0 167 (100) 90 (88.2) 108 (59.7)

1 0 (0) 10 (9.8) 56 (30.9)

2 0 (0) 2 (2.0) 17 (9.4)

Treatment methods

Medicine and bandage lens 49 (29.3) 12 (11.8) 2 (1.1)

Amniotic membrane transplantation 112 (67.1) 70 (68.6) 68 (37.6)

Amniotic membrane transplantation and tarsorrhaphy 6 (3.6) 20 (19.6) 111 (61.3)

Corneal opacification

0 167 (100) 0 (0) 2 (1.1)

1 0 (0) 42 (41.2) 3 (1.7)

2 0 (0) 57 (55.9) 9 (5.0)

3 0 (0) 3 (2.9) 167 (92.3)

Neovascularization

0 165 (98.8) 88 (86.3) 81 (44.8)

1 0 (0) 8 (7.8) 7 (3.9)

2 0 (0) 6 (5.9) 34 (18.8)

3 2 (6.59) 0 (0) 59 (32.6)

Symblepharon

0 165 (98.8) 87 (85.3) 73 (40.3)

1 2 (1.2) 6 (5.9) 28 (15.5)

2 0 (0) 8 (7.8) 61 (33.7)

3 0 (0) 1 (1.0) 19 (10.5)

Visual acuity

≥ 6/20 167 (100) 0 (0) 0 (0)

6/20–6/60 0 (0) 102 (100) 0 (0)

< 6/60 0 (0) 0 (0) 181 (100)
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acuity was equal to 6/20 or better, and the prognosis was very
good.

Grade II was defined as follows: Percentage of corneal
epithelial defect less than 100% (a score less than 3), fewer
than 12 clock hours of limbal involvement (a score less than
3), a percentage of bulbar conjunctival involvement less
than 100% (a score less than 3), and no eyelid abnormali-
ties, fornix involvement, or intraocular abnormalities (a
score of 0). The most common treatment was amniotic
membrane transplantation. During the stable period, the
cornea was slightly cloudy, and neovascularization and
symblepharon occurred in a few patients. Visual acuity
was worse than 6/20 and up to and including 6/60, and
the prognosis was good.

Grade III was defined as follows: A complete corneal epi-
thelial defect, 100% bulbar conjunctival involvement, 12
clock hours of limbal involvement (a score of 3), eyelid ab-
normalities (less than or equal to a score of 2), fornix involve-
ment (less than or equal to a score of 1), and intraocular ab-
normalities (less than or equal to a score of 2). The treatment
was tarsorrhaphy. Most patients exhibited corneal opacity,
neovascularization, and symblepharon (less than or equal to
a score of 3) at the stable phase and had a poor prognosis with
a visual acuity worse than 6/60.

Statistical analysis

All statistical analyses were carried out with SPSS software
version 24.0 (SPSS, Inc., Chicago, IL). Normally distributed
data are shown as the mean values ± standard deviations.
Spearman’s correlation coefficients (2-tailed) were used to
evaluate whether the scores of the acute-phase parameters
were correlated with logMAR visual acuity and the stable-
phase parameters. The correlations of the total score of the 8
acute-phase parameters with logMAR visual acuity and with
the total score of stable-phase parameters were also evaluated.
The chi-square test was used to compare the scores of all 8
parameters among the 3 groups. A P value ≤ 0.05 was con-
sidered statistically significant.

Results

A total of 450 eyes of 345 patients with ocular burns, including
319 men (92.5%) and 26 women (7.5%), were enrolled in this
study. The average age at injury and surgery was 42.23 ± 13.39
years (range, 1–73 years). Alkali burns were themost common
ocular burns, which were noted in 222 eyes (49.34%), follow-
ed by thermal burns in 159 eyes (35.33%) and acid burns in 69
eyes (15.33%). Bilateral chemical injuries were observed in
105 patients (23.33%).

Acute-phase parameters

Corneal parameters: Among the 450 eyes examined, 223 eyes
(49.6%) had a corneal epithelial defect area with scores of 2
and 3 (50–100% and 100%, respectively), and 244 eyes
(54.2%) had different levels of limbal ischemia. Detailed in-
formation on the corneal parameters in the acute phase is
summarized in Table 2.

Conjunctival parameters: Conjunctival involvement was
scored as 2 and 3 (50–100 mm2 and 100 mm2, respectively)
in 237 eyes (52.7%), and no ischemia was found in only 64
eyes (14.2%) (Table 2).

Eyelid, fornix, and intraocular parameters: Eyelid abnor-
malities were noted in 165 eyes (36.7%), including 110 eyes
assigned a score of 1 and 55 eyes assigned a score of 2. A total
of 154 eyes (34.2%) had fornix conjunctival ischemia. We
found intraocular abnormalities in 85 eyes (18.9%), intraocu-
lar hypertension in 45 eyes (10%), and anterior chamber in-
flammation in 21 eyes (4.7%), with a score of 1 in 66 eyes and
2 in 19 eyes (Table 2).

Stable-phase parameters

Corneal opacification: Only 169 eyes (37.6%) had a clear
cornea. Corneal neovascularization: No corneal neovasculari-
zation was observed in 334 eyes (74.2%). The score for cor-
neal neovascularization was 1 in 15 eyes, 2 in 40 eyes (8.9%),
and 3 in 61 eyes (13.6%). Symblepharon: No symblepharon
was observed in 325 eyes (72.2%), and only 20 eyes (4.4%)
had a score of 3 (Table 3).

Treatment method

Of the 450 eyes examined, 63 eyes (14%) were treated with
medicine and bandage lenses, 250 eyes (55.6%) were treated
with amniotic membrane transplantation, and 137 eyes
(30.4%) were treated with amniotic membrane transplantation
and tarsorrhaphy.

Visual acuity

Among the 450 eyes examined, only 167 eyes (37.1%) had a
visual acuity equal to 6/20 or better, 102 eyes (22.7%) had a
visual acuity worse than 6/20 and up to and including 6/60,
and 181 eyes (40.2%) had a visual acuity worse than 6/60
(Table 4).

Correlations between visual acuity, stable-phase,
and acute-phase parameters

We compared the acute-phase parameter score between the
three groups of visual acuity (equal to 6/20 or better, worse
than 6/20 and up to and including 6/60, and worse than 6/60)
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and the stable-phase parameter score and found that the score
differences were statistically significant.

We estimated the correlation coefficient (R) between the
visual acuity of the 450 eyes and the severity grade scored
from 0 to 3. We found that all 8 acute-phase parameters were
significantly correlated with logMAR visual acuity, with R
ranging from 0.481 to 0.933 (P < 0.0001) (Table 5).

The scores for all the parameters in the acute phase were
significantly correlated with those in the stable phase, with R
ranging from 0.513 to 0.855 (P < 0.0001) (Table 6).

The correlations of visual acuity and total score
of stable-phase parameters with the total score
of acute-phase parameters

The mean total score for the 8 parameters in the acute phase
was 5.34 ± 4.04 (range 0–14). The mean total score for the 3
parameters in the stable phase was 2.66 ± 2.90 (range 0–9). As
shown in Table 4, eyes with a higher total score in the acute
phase had poorer vision. The average scores for the acute-
phase parameters in the three groups were as follows: group
1, 1.38 (range, 0–8); group 2, 4.64 (range, 1–9); and group 3,
9.39 (range, 4–14). The average scores for the stable-phase
parameters in the three groups were as follows: group 1, 0.05
(range, 0–3); group 2, 2.06 (range, 1–7); and group 3, 5.42
(range, 1–9). Pearson’s analysis clearly demonstrated that the
total score for the acute-phase parameters was significantly
correlated with logMAR visual acuity (R = 0.899, P <
0.0001, Fig. 2a) and the total score for the stable-phase pa-
rameters (R = 0.872, P < 0.0001, Fig. 2b).

Discussion

Eye injuries are the leading cause of blindness in China, with
chemical and thermal burns accounting for 7.7 to 18.0% of

eye injuries [4]. With the development of the chemical indus-
try, the number of chemical and thermal burns has increased
each year [17]. Recent survey data from the USA show that
from January 1, 2010, through December 31, 2013, a total of
144 149 chemical ocular burns were diagnosed at 900 emer-
gency departments nationwide [18]. In this study, we analyzed
the medical records of patients with chemical and thermal
burns treated at the Shandong Eye Institute between January
2013 and January 2018. According to the clinical characteris-
tics of the patients in the acute phase, a classification system
was preliminarily explored to assess the severity of patient
conditions more objectively, summarize treatment effects,
and finally propose a grading method.

Various prognostic classification systems based on the ex-
tent of ocular damage are available to determine appropriate
treatments and predict outcomes [9–11]. Roper-Hall’s [10]
classification of acute ocular burns is based on the original
classification of Ballen [9], and little difference exists between
these classification methods. Roper-Hall [10] classified all
patients with 50–100% limbal ischemia into one group (grade
IV) and predicted a similar prognosis for all such patients.
This classification immediately leads to the problem of clas-
sifying an eye, for example, with corneal clinical features of
one grade and conjunctival clinical features of another grade.
Conjunctival and limbal injuries are also difficult to grade.
These difficulties have also led to inconsistent treatment suc-
cess rates reported in the literature [19, 20]. Dua et al. [12]
recognized the problem of assessing limbal damage and pro-
posed a quasi-analog scale to incorporate intergrade varia-
tions. These authors demonstrated that not all burns with
50–100% limbal ischemia will have the same prognostic out-
come and suggested classifying these patients into different
grades for more appropriate treatment.

One question that must be addressed is whether to base
the grade of a burn on the most severe clinical feature or on
a combination of ocular surface clinical features. A

Table 2 Summary of acute-phase
parameters (450 eyes) Parameters 0 point, no. (%) 1 point, no. (%) 2 points, no. (%) 3 points, no. (%)

Epithelial defect 101 (22.4) 124 (27.6) 81 (18) 143 (31.7)

Limbal involvement 206 (45.8) 88 (19.6) 91 (20.2) 65 (14.4)

Bulbar conjunctival ischaemia 64 (14.2) 149 (33.1) 110 (24.4) 127 (28.2)

Eyelid abnormal 285 (63.3) 110 (24.4) 55 (12.2)

Fornical conjunctiva ischaemia 296 (65.8) 154 (34.2)

Intraocular abnormalities 365 (81.1) 66 (14.7) 19 (4.2)

Table 3 Summary of stable-
phase parameters (450 eyes) Parameters 0 point, no. (%) 1 point, no. (%) 2 points, no. (%) 3 points, no. (%)

Cornea opacification 169 (37.6) 45 (10) 66 (14.7) 170 (37.8)

Vascularization 334 (74.2) 15 (3.3) 40 (8.9) 61 (13.6)

Symblepharon 325 (72.2) 36 (8) 69 (15.3) 20 (4.4)
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combination of three physical parameters (corneal, limbal,
and conjunctival parameters), each with three levels, re-
quires 27 possible combinations to avoid crossover. To
avoid this complexity and without evidence to indicate a
difference in prognosis, grading an injury according to the
most severe physical sign seems reasonable. Limbal stem
cells are the source of corneal epithelial regeneration, and
limbal ischemia can reflect the extent and severity of
limbal stem cell injury and is the most important prognos-
tic factor in ocular chemical or thermal injuries [21]. The
presence of residual conjunctival epithelium in the eye is a
better prognostic indicator than the complete loss of cor-
neal, limbal, and conjunctival epithelium [11, 22]. In this
study, we referred to Roper-Hall [10] and Dua’s [12] clas-
sifications of acute ocular burns and used corneal epithelial
defects, limbal ischemia, and bulbous conjunctival in-
volvement as the main parameters while increasing the
importance of eyelid abnormalities, fornix involvement,

intraocular pressure, and anterior chamber inflammation
at the time of injury, which were divided into 8 physical
parameters. We used a simple method to grade the severity
of acute symptom parameters and scored these variables to
reflect whether their involvement was mild, moderate, or
severe.

In our study, conjunctival involvement (386 eyes;
85.8%), corneal epithelial defects (349 eyes; 77.6%), and
limbal ischemia (244 eyes; 54.2%) were the key factors
affecting the prognosis of acute ocular burns and signifi-
cantly affecting the vision of patients (R > 0.481, P <
0.0001). These findings are consistent with those of previ-
ous studies [10, 11]. Eyelid abnormalities, including tarsal
conjunctival ischemia, blepharon defects, and associated
eyelid burns, can result in lid shortening, rigidity, and con-
tractures, leading to exposure keratitis and mechanical
damage to the cornea, which are usually associated with
a poor prognosis. Fornix involvement represents fornix

Table 4 Comparison between the acute-phase parameters and stable-phase parameters and the visual acuity of ocular burn patients

Parameters Visual acuity

Group 1, 6/20 or better,
average grade

Group 2, 6/20 to 6/60,
average grade

Group 3, worse than 6/60,
average grade

P values

No. of eyes 167 102 181

Acute-phase parameters

Epithelial defect 0.40 1.45 2.73 < 0.0001

Limbal involvement 0.10 1.08 1.87 < 0.0001

Bulbar conjunctival ischemia 0.68 1.52 2.66 < 0.0001

Eyelid abnormalities 0.11 0.27 0.96 < 0.0001

Forniceal conjunctival ischemia 0.09 0.18 0.67 < 0.0001

Intraocular abnormalities 0 0.14 0.50 < 0.0001

Total score of acute phase 1.38 4.64 9.39

Stable-phase parameters

Cornea opacification 0 1.62 2.88 < 0.0001

Vascularization 0.04 0.2 1.39 < 0.0001

Symblepharon 0.01 0.25 1.14 < 0.0001

Total score of stable phase 0.05 2.06 5.42

Table 5 Correlation analyses between acute-phase parameters and the
logarithm of the minimum angle of resolution visual acuity

Parameters Coefficient P values

Epithelial defect 0.933 < 0.0001

Bulbar conjunctival ischemia 0.917 < 0.0001

Limbal involvement 0.744 < 0.0001

Forniceal conjunctival ischemia 0.609 < 0.0001

Eyelid abnormalities 0.568 < 0.0001

Intraocular abnormalities 0.481 < 0.0001

Table 6 Correlation analyses between acute-phase parameters and
stable-phase parameters

Parameters Coefficient P values

Epithelial defect 0.855 < 0.0001

Bulbar conjunctival ischemia 0.826 < 0.0001

Limbal involvement 0.812 < 0.0001

Forniceal conjunctival ischemia 0.610 < 0.0001

Eyelid abnormalities 0.538 < 0.0001

Intraocular abnormalities 0.513 < 0.0001
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conjunctival ischemia. In this study, we suggested dividing
the conjunctival surface into bulbar, tarsal, and fornix areas
to include the total area of involvement. Chemicals that
reach the trabecular meshwork result in elevated IOP, a
compound effect that is easily overlooked [23]. The mech-
anism underlying this effect is acute injury leading to tissue
damage, which then leads to aqueous outflow tract damage
[23, 24]. Therefore, the IOP at the time of injury is closely
related to the prognosis. The results of a recent study
showed that within 24 h after the onset of chemical burns
affecting the cornea, the initially released inflammatory
cytokines (such as tumor necrosis factor α) can quickly
reach the retina, resulting in ganglion cell apoptosis and
other cell changes and increasing the damage to tissues in
the eyes [25]. Hence, in this study, we included anterior
chamber inflammation in the classification scheme to bet-
ter predict the prognosis of patients.

In our study, an eye with 100% limbal and conjunctival
involvement, was very likely to have a poor prognosis even
with maximum intervention, and this finding differed from
that with the Roper-Hall [10] classification, which predicts a
similar prognosis for all patients with 50–100% limbal in-
volvement and classified them into one group (grade IV).
With the development of present management strategies, eyes
with 50% or even 75% limbal involvement are very likely to
have a good to fair prognosis. Furthermore, an ocular surface
covered with conjunctival epithelium is in better condition
than one with no epithelial cover. In eyes with total loss of
the corneal epithelium and 100% limbal involvement, the
presence of any surviving conjunctival epithelium is a prog-
nostic indicator that is favorable comparedwith eyes with total
loss of the corneal, limbal, and conjunctival epithelium.
Therefore, the other 5 parameters, namely, tarsal conjunctiva

involvement, blepharon defects, fornix conjunctival involve-
ment, intraocular hypertension, and anterior chamber inflam-
mation, although not the main criteria, were also important for
the prognosis of acute ocular burns. In addition, our grading
system also provides a standardized method for evaluating
patients before corneal and ocular surface transplantation pro-
cedures. A purposeful approach to grading the severity of the
preoperative condition of a patient may ultimately help predict
long-term clinical outcomes for eyes postoperatively. In con-
clusion, our study analyzed the medical records of patients
with ocular chemical or thermal burns at Shandong Eye
Institute. According to the clinical characteristics at the time
of injury, the extent of corneal epithelial defects, the percent-
age of bulbar conjunctival involvement, the clock hours of
limbal ischemia, eyelid abnormalities, fornix involvement, in-
traocular hypertension, and anterior chamber inflammation,
new grades for acute ocular burns were developed to deter-
mine accurate prognoses and treatment methods to provide a
reference for clinicians.
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Fig. 2 Scatterplots depicting the correlations of the total score for the
acute-phase parameters with logMAR visual acuity and the total score
for the stable-phase parameters. The total score for the 8 acute-phase

parameters showed significant positive correlations with logMAR
visual acuity (R = 0.899, P < 0.0001) (a) and the total score for the
stable-phase parameters (R = 0.872, P < 0.0001) (b)
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