
Abstract. – OBJECTIVE: This study aims to
explore the ocular surface of late stage eye
burns by impression cytology (IC) and analyze
the cytological changes and their relationship
to ocular surface abnormalities.

PATIENTS AND METHODS: 68 eyes with late
stage eye burns (thermal burn: 28 eyes; alkali
burn: 26 eyes; acid burn: 14 eyes), procured
from 68 patients (aged ranges from 17 to 70
years old). Ocular surface abnormalities were
assessed under slit lamp and graded. These
were broadly classified as eyelid, corneal, con-
junctival, and tear film abnormalities. Impres-
sion cytological examination was taken by cel-
lulose acetate filter paper for all eyes. Samples
were analyzed and scored under light micro-
scope, including the status of epithelial cells,
goblet cells, mucus and inflammatory cells. All
the results and data were compared and ana-
lyzed by SPSS software (version 16.0). 

RESULTS: According to the IC results, loosed
cell-to-cell density and nuclear abnormality, ker-
atinization, reduced goblet cell amount, disorder
of mucus, and existing of inflammatory cells
were observed in almost all the cases. The IC re-
sults were significantly correlated to the ocular
surface injury severity (r=0.458, p<0.01). The oc-
ular surface injury severity mostly contains
three aspects: the corneal neovascularization
scales, the present or absent of recurrent ep-
ithelial erosion and the tear film break-up time.
Eyes with the foreword three symptoms were in-
clined to have higher IC scores. The epithelial
cell-to-cell density, goblet cell and mucus
amount were all correlated to tear film break-up
time. However, inflammatory cell density
showed no significant correlation to the con-
junctival hyperemia grade. But inflammatory cell
density correlated to the corneal opacity grade
and epithelial stability status.

CONCLUSIONS: IC examinations could re-
flect the cytological disorders and relative in-
jury severity of the ocular surface in late stage
eye burns. It provides further information
which will be useful in surgery and therapy. 
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Introduction

Ocular traumatic events commonly occur in the
condition of thermal or chemical burns. It may
produce devastating injuries to the eye ball. Mod-
erate and severe burns always result in permanent
damages and cicatricial changes even though after
the emergency treatment and therapy. That could
be a different extent of symblepharon, lid abnor-
malities, corneal neovascularization and conjunc-
tivalization. The etiology concluded limbal stem
cell deficiency (LSCD), or recurrent epithelial ero-
sion, keratinization, and so on1-3. 

As for the late stage of burns, ocular surface
reconstruction would be the main causes.
Surgery skills and technologies were closely re-
lated to the successful of ocular surface recon-
struction. The general prognosis of late stage of
ocular burns was mostly decided by the pre-
surgery status: the severity of the injury eye.
Eyes with limbal stem cell deficiency would be
designed to take an allo-limbal transplantation4,5,
while autograft might be used in partial deficien-
cy eye6,7. Santos et al8 think the autograft therapy
would have a better outcome. In short, a com-
plete and accurate evaluation of the trauma ocu-
lar surface and status is important and necessary
for patients who need undertake tissue-engineer-
ing and stem cell technologies treatment9-11. 

Usually, the assessment of ocular surface was
conducted by slit lamp according to some grad-
ing systems12-14. Because of limited by clinical in
vitro studies, there are few available methods to
study the ocular surface in cellular levels. Im-
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graded from 0 through 3, where 0 = no neovas-
cularization, 1 = neovascularization involving
less than half of the limbus, 2 = neovasculariza-
tion involving half or more than half of the lim-
bus, but not full circle, and 3= neovasculariza-
tion involving the whole circle of the limbus
area. Neovascularization also contains extensive
symblepharon formation which reached to the
cornea. The corneal opacification is graded
from 0 through 3. 0 = clear cornea with iris de-
tails clearly visualized, 1 = partial obscuration
of the iris details, 2 = iris details poorly seen
with pupil margin just visible, and 3 = com-
pletely obscuration of iris and pupil details21.
The corneal epithelial stability is score for 0 to
1. 0 = complete and stable epithelium, and 1=
recurrent epithelial erosion. (3) Evaluation for
the conjunctiva. The assessment for conjunctiva
is consisted of the symblepharon scales and
conjunctiva hyperemia degrees. According to
Kheirkhah et al14, the assessment for conjuncti-
va include the symblepharon length and width,
also the hyperemia degrees which gave infor-
mation of inflammatory activity. (4) Tear film
break-up time: This was judged by fluorescein
staining under slit lamp and scored from 0 to 2.
0 = longer than 10 seconds, 1 = 10 or less than
10 seconds, but more than 5 seconds, 2 = less
than 5 seconds. The total clinical evaluation
grading system was count from 0 to 22. A high
clinical evaluation score indicated a wide
ranged damage of the ocular surface.

Impression Cytology
The evaluation for IC results were composed

of two parts: the analysis for the bulb conjuncti-
val epithelial cells and the corneal surface epithe-
lial cell types. A cellulose acetate filter paper
(milipore filter paper, 0.22 µm pore size) is used
in IC. The filter papers were pre-cut into pieces
(4×8 mm) with a pointed tip on one corner. The
patients were administered topical anesthetics
(0.4% oxybuprocaine eye drops). The cellulose
acetate filter paper pieces were then applied to
four sites: upper, lower, nasal, and temporal lim-
bus including both parts of cornea and conjuncti-
va areas (Figure 1). The pieces were stained peri-
odic acid Schiff (PAS) and hematoxylin eosin22.
All the examinations under a light microscope
were performed by the same researcher, who was
unaware of the clinical status. 

According to the grading system by Haller-
Schober et al19, the scores incorporate biology
characteristic of epithelial cells (including the

pression cytology (IC) was commonly used in
various aspects as a convenient and noninvasive
approach. It had many grading systems to evalu-
ate the cytological condition of the ocular sur-
face15-20. But there were seldom studies about the
cytological changes of ocular surface in late
stage eye burns. In this research, we used IC to
examine the ocular surface, to explore the ocular
surface features at a cellular level and to find out
their relationship with clinical.

Patients and Methods

Patients
All the patients were planned to take an ocular

surface reconstruction surgery at the Ophthal-
mology Department of Sir Run Run Shaw Hospi-
tal, Zhejiang University School of Medicine,
from October 2011 to March 2014. A total of 68
patients with an average of 42.06 ± 13.10 years
old (17-70 years), were recruited in the study.
There were 60 males, 8 females. And, a total of
68 eyes with lately ocular burns were studied: 28
eyes were thermal burns, 26 eyes were alkali
burns and 14 eyes acid burns. All the eyes with
chronic inflammatory and cicatricial changes
were diagnosed as a late stage of ocular surface
burns. The chronic inflammatory and cicatricial
changes include conjunctivalization of cornea,
different extent of symblepharon and eyelid ab-
normalities. Patients diagnosed acute eye burns
and occurrent eye infections were excluded from
this study. The average history was 5.80 years,
ranged from 0.5 to 36 years.

Clinical Examination 
In order to analyze the relationship between

the clinical abnormalities and IC results, a clini-
cal grading system was performed. All the clini-
cal examinations were conducted under the slit
lamp by the same experienced ophthalmologist. 

The grading system is referred to assessment
of the four ocular surface components: the eye-
lid, the cornea, the conjunctiva and the tear
film. (1) Evaluation for the eyelid: ectropion or
entropion, trichiasis, defects, lid margin or/and
palpebral conjunctiva keratinization. Each com-
plication accounts for 1 score. So the eyelid ab-
normality is graded on a scale from 0 to 4. (2)
Evaluation for the cornea: include 3 parts: the
corneal neovascularization scales, the corneal
opacity degrees and the corneal epithelial stabil-
ity. The scale of corneal neovascularization is
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quality of cell-to-cell adhesion, degree of nu-
cleo/cytoplasmic ratio, tendency for keratiniza-
tion and nuclear changes: type and frequency,
morphology), density and morphology of goblet
cells, superficial mucus and the qualitative of in-
flammatory cells. These sub-parameters scored
from 0 (normal) to 3 (highly pathological) each.
The total IC score was ranged from 0-30. A high-
er IC score indicated a worse bulb conjunctival
health status. For each sample, data was acquired
from five continuous fields (40 microscopic
fields). Results from different quadrants of the
same eye were averaged as a final outcome of
the entire ocular surface condition (Figure 2).

The corneal surface epithelial cell type was
record as: 0 = corneal epithelial cells only, 1 =
both corneal epithelial cells and conjunctival ep-
ithelial cells could be seen, 2 = conjunctival ep-
ithelial cells only (absent of corneal epithelial
cells).

Statistical Analysis 
Statistical analysis was performed using SPSS

software version 16.0 (SPSS Inc., Chicago, IL,
USA). The results of the grading system of clini-
cal evaluation and IC were compared by
Kruskal-Wallis test. Spearman correlation coeffi-
cient test was used to calculate the correlations
among variables. A p-value less than 0.05 was
considered as statistically significant, and ‘r’ was
the value of correlation coefficient.

Results

Clinical Results
The average clinical examination score for the

clinical evaluation was 12.31±3.84 (ranged from
2 to 20). The evaluation results had no correla-
tion to disease history and age. 65 eyes existed
eyelid abnormality. There were 42 eyes have full
scale of neovascularization of cornea, the rest 26
eyes contained partial neovascularization. Differ-
ent extent of corneal opacity occurred in 65 eyes,
corneal epithelial defects were found in 8 eyes,
symblepharon existed in 51 eyes, and all eyes
had a limited Breakup time (BUT) (Table I).

Impression Cytological Results
A total of 232 pieces of IC samples were ob-

tained from 68 eyes. Some eyes presented severe
symblepharon, due to which the sample size was
affected by only 1 to 3 pieces of samples could
be procured.

Almost all the eyes were turned out to have a
declined conjunctival epithelial healthy status.
There were 67 eyes had cell-to-cell adhesion ab-
normality, 66 eyes incorporated epithelial cell
keratinization, 67 eyes encompassed reduced
goblet cells density, 64 eyes involved mucus
amount disorder and 66 eyes existed inflammato-
ry cells. Besides, 36 eyes had declined
nucleo/cytoplasmic ratio (N/C ratio) and 59 eyes
had pathological nuclear changes (Table II).

The average IC score was 15.84±4.32 (ranged
from 8 to 26). Data analysis revealed that IC
score had no significant correlation with disease
course or age. It had no statistical difference be-
tween gender and etiologies. Besides, corneal
surface cell type analysis showed that conjuncti-
va cells were detected in all neovascular invasion
eyes. Among the 42 full-scale neovascularized
eyes, 40 eyes without corneal epithelial cells ex-
istence, and the rest 2 eyes had both corneal and
conjunctival epithelial cell (Figure 3).

Relationship Between Clinical Results
and IC Analysis

The IC score was correlated to the clinical as-
sessment result (r=0.458, p<0.01) (Figure 3),
especially to the corneal neovascularization
scales, epithelial stability and BUT (r=0.367,
p=0.002; r=0.312, p=0.009; r=0.491, p=0.000;
respectively). The IC scores compared by
Kruskal-Wallis showed significant difference
between different neovascularization scale
groups (p<0.01). The grade 3 group (full circle)

Figure 1. Schematic picture of filter paper applied on ocu-
lar surface The gray trapezoid pieces were the cut cellulose
acetate filter paper.



owned the highest IC scores which was
16.90±4.23, and the grade 2 group (half or more
than half,  but not full  circle) which was
15.17±4.25, the grade 1 group (less than half)
showed the lowest IC scores as 11.75±1.75. The
more the neovascularization scale was, the
higher the IC score counted. The average IC
score of recurrent epithelial erosion cases was

higher than the group with stable epithelial, the
difference was significant (p<0.01). Likewise,
cases with shorter tear film break-up time pre-
sented higher IC scores (p<0.01). In short, it
was indicated that corneal neovascularization
scales, epithelial stability and tear film inade-
quacy was responsible for the ocular surface cy-
tological status.
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Figure 2. IC pictures under light
microscope (a-e) and ocular surface
photo under slit lamp (f). (a) Normal
dense epithelial cells with abundant
goblet cells. (b) Normal dense ep-
ithelial cells and distinctly reduced
goblet cell, with pathological
changes. Small block was the en-
largement for goblet cell. (c) Distinct
keratinization of the epithelial cells
with pathological changed nuclei (ar-
rows), the N/C ratio was 1:4-1:6. (d)
Abundant mucus amount with exu-
date, filaments and aggregation
changes. Single cells were seen
among mucus. (e) IC samples for the
superior quadrant of the eye in pic-
ture f. Loosened cell sheet without
goblet cells, a cluster of corneal ep-
ithelium cells were seen (arrow),
which was large in size, lightly
stained and high nucleocytoplasmic
ratio compared to conjunctival ep-
ithelium cells. Microscopic magnifi-
cation for IC pictures: a-b 400×, e
200×. (f) Slit-lamp photo for the
same patient of picture Figure 1 e,
full circle invasion of new blood ves-
sels into the limbus could be seen.



The BUT showed a correlation to cell density,
goblet density and mucus amount (r=0.376,
p=0.002; r=0.568, p=0.000; r=0.245, p=0.044;
respectively). The three parameters were consid-
ered as related to tear film stability.

Notably, IC score appeared to have no signifi-
cant correlation with the symblepharon scales.
The keratinization grade and N/C ratio showed
no significant correlation with all the assessed
clinical indexes. The inflammatory cells density
in IC results showed no significant correlation
with the conjunctiva hyperemia grades (p>0.05),
but had certain correlation to the corneal opacity
grade (r=0.244, p=0.044) and epithelial stability
status (r=0.272, p=0.025).

Discussion 

The broadly definition for ocular surface is
consisted of eyelid, conjunctiva, cornea and tear
film. The assessment for the ocular surface disor-
der grade should include the integrity of these
four parts and functions. Observation under slit
lamp could offer the ocular surface as an anatom-
ical evaluation. The IC grading system and sub-
parameters (cell-to-cell adhesion, N/C ratio, the
tendency for keratinization, nuclear changes, the
morphology and density of conjunctival goblet
cells and mucus, the presence or absence of in-
flammatory cells) used in this research gave a cel-
lular level assessment for the ocular surface19. Be-
sides, the type of cells on corneal surface would
help to identify the total or partial LSCD23,24. 
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Figure 3. The scatter plots for the relationship between
clinical score and IC score. Line in the chart shows the re-
gression for the two values. 
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In this study, the main features of the ocular
surface for late stage eye burns were found de-
clined in the epithelial cell quality, reduced gob-
let cell density and existence of inflammatory for
bulb conjunctival. The epithelial cells tend to be
enlarged, high N/C ratio, abnormal nuclear and
keratinized. These were processes to squamous
metaplasia, losing the normal function of con-
junctiva as a smooth and secretory stratified ep-
ithelium20. Eslani et al results25 showed, besides
the direct damage of burns and scar fibro tissue
formation, long standing inflammation would be
the main cause of late stage eye burns. Addition-
ally, the reduced goblet cells and pathological
change might be other important reasons for dry
eye. Evaluation of all these aspects of ocular sur-
face was critical for the designation of surgery.

Attentions should pay to the inflammatory sta-
tus, especially in those cases designed to undergo
the stem cell engineering therapy. The ex vivo
cultivated autologous limbal stem cells or alter-
native stem cells could used in cure the late stage
eye burns. The alternative stem cells were con-
tains oral mucosa epithelium stem cells10,26, mes-
enchymal stem cells27 and hair follicle stem
cells28. These stem cell sensitive to the survival
environment and recurrent epithelial ero-
sion26,29,30. The statistical results of our research
also showed that inflammatory grade was corre-
lated to the epithelial stability condition. In those
moderate or severe inflammatory eyes, anti-in-
flammatory drugs like glucocorticoid could be
selectable administered. Postponement of the
surgery was underlined to make a better micro-
environment for the transplanted tissue. 

The dry eye condition should also be evaluat-
ed before surgery. The causes for the dry eye in
this stage refers to many facts, as the damage of
lacrimal gland, Meibomian gland, goblet cell

density and the shortage of tear-film associated
mucus secretion31. BUT was verified to have in-
ter-relation with the goblet cell density and the
mucus amount. The goblet cell density and mu-
cus amount was also important for surgery de-
sign, especially in the patients with symble-
pharon. Although the exact symblepharon scales
could be examined under slit lamp, the healthy
conditions for the remaining conjunctival could
not be graded by this measure. A simple cicatrix
lysis of symblepharon or combined self-conjunc-
tival transplantation, or instead mucosal trans-
plantation, was determined by the remaining
scales of healthy and functional conjunctival. For
example, a combined conjunctival limbal and
keratolimbal allograft may provide additional
benefit for goblet cells from the additional con-
junctival32. Autologous nasal mucosa or oral mu-
cosa was considered as reasonable alternative
mucosa for conjunctiva, the similar mucus secre-
tory function was one important issue33,34. Thus,
evaluation for the conjunctival status at pre-
surgery seems to be informative, and the IC ex-
amination was efficient in this point.

Another distinct feature of this stage was the
conjunctivalization of corneal surface. Conjunc-
tival cells were detected in all neovascular inva-
sion eyes. This was caused by the loose of nor-
mal limbal stem cells1,35,36. The assessment for
the exact limbal stem cell deficiency scales were
crucial for the surgery strategy. The results re-
vealed that a bigger scale of corneal neovascular-
ization eyes would get a higher IC score, which
means a worse healthy condition for the ocular
surface. This was inspired that the reserve of cer-
tain areas of normal or subnormal limbus in the
limbal reconstruction surgery would lead to a
better surgery result. As in partial LSCD, where
there had normal limbal stem cell remained, a

Y.-F. Zhu, L.-B. Zheng, Y.-F. Yao

IC sub-scores 0 1 2 3 Total 

Cell-to-cell dense 1(1.5%) 20(29.4%) 28(41.2%) 19(27.9%) 68(100%)
Nucleo/Cytoplasmic ratio 32(47.1%) 28(41.2%) 6(8.8%) 2(2.9%) 68(100%)
Keratinization 2(2.9%) 33(48.5%) 28(41.2%) 5(7.4%) 68(100%)
Nuclear change frequency 9(13.2%) 31(45.6%) 20(29.4%) 8(11.8%) 68(100%)
Nuclear change type 9(13.2%) 28(41.2%) 23(33.8%) 8(11.8%) 68(100%)
Goblet cell density 1(1.5%) 6(8.8%) 19(27.9%) 42(61.8%) 68(100%)
Goblet cell morphology 51(75.0%) - - 17(25.0%) 68(100%)
Mucus amount 4(5.9%) 6(8.8%) 40(58.8%) 18(26.5%) 68(100%)
Mucus morphology 8(11.8%) 10(14.7%) 29(42.6%) 21(30.9%) 68(100%)
Inflammatory cells 2(2.9%) 37(54.4%) 15(22.1%) 14(20.6%) 68(100%)

Table II. Data for IC assessment results.



better surgical efficiency would be expected37,38.
Although full scaled neovascularization was ob-
served, a few of them still had detectable corneal
epithelial cells. This might due to the survival of
residual corneal stem cells located deep in the
limbal basal layer. In this term, the IC results
would give a more accurate result. Above all, it
could be inferred that IC examination provided
detailed and accurate cytological information of
the ocular surface for late stage eye burns, which
might help to conduct a better surgical design. 

The major deficiency in our study is that the
clinical assessment was done only by one doctor
during the research and results were conducted
by two or more ophthalmologists. In our further
following up research works, we will study the
possible relation between pre-surgery IC evalua-
tions and surgical efficiency, as well as the post-
operative complications.

Conclusions

The IC examinations reflect the cytological
disorders and are related to the injury severity of
the ocular surface in late stage eye burns. IC can
help to give a more complete and reliable assess-
ment of the ocular surface and guide design the
surgical strategies of the late stage eye burns.
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