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Summary
Objectives: 
cornea.
Materials and Methods: Twenty-one patients (27 eyes) who were followed at two centers for corneal chemical and thermal burns 
between 2001 and 2013 were included. Eyes were grouped into four grades according to the severity of burn using Roper-Hall 

and complications were recorded. Patients received medical treatment or combined surgical treatment including amniotic membrane 
transplantation (AMT), conjunctivolimbal autograft/allograft (CLAU/CLAL) transplantation, keratolimbal allograft (KLAL) or 
penetrating keratoplasty (PKP).
Results: Patients had a mean age of 27.1±15.5 years (range, 6 months-56 years) and were followed for a mean 63.2±58.6 weeks (4-

yes). 
Patients with grade III burns (11 eyes) underwent CLAU (6 eyes), combined AMT/CLAU (3 eyes), AMT/CLAL (1 eye), or CLAL+PKP 
(1 eye), while patients with grade IV burns (4 eyes) had keratectomy+CLAL/AMT (1 eye), keratectomy+CLAL+PKP after recurrence 
with CLAU/AMT (1 eye), CLAU+PKP (1 eye), and AMT/KLAL+PKP (1 eye). All patients except the latter showed ocular surface 
stabilization with these procedures.
Conclusion: Ocular burns cause severe impairment of the ocular surface. It is possible to achieve good results with appropriate medical 
treatment and surgeries including ocular surface reconstruction. (Turk J Ophthalmol 2015; 45: 182-187)
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Introduction
Chemical and thermal corneal burns lead to rapid and 

progressive destruction and serious anterior segment 
complications.1 Chemical burns comprise 12% of all eye trauma 
cases. The severity of resulting complications is affected by 
the concentration of the chemical agent, the pH, duration of 
exposure, and extent of contact with the ocular surface and 
tissues.1,2

Ocular chemical burns are the most common cause of 
limbal stem cell deficiency and are characterized by non-healing 
epithelial defects, stromal inflammation, neovascularization, 
conjunctivalization and corneal opacification.1

In the treatment of chemical burns, clearing the agent from 
the ocular surface and suppressing inflammation are essential in 
the acute phase, whereas managing complications and ensuring a 
healthy ocular surface are important in the chronic phase.

In recent years, a combination of appropriate medical 
treatment in the acute phase and ocular surface reconstruction 
has begun to yield desired results in cases of chemical ocular 
injury.3,4,5,6,7,8,9

In this study, we aimed to present the treatment methods 
used, responses to treatment and long-term prognoses in cases 
we have followed due to corneal burns.

Materials and Methods
The study included 27 eyes of 21 patients who were 

followed and treated by the same physician (Y.A.A.) for chemical 
or thermal burns between 2001 and 2013 at the Başkent 
University Medical School Department of Ophthalmology 
and later at the Bayındır Hospital Eye Clinic. Patients’ data 
were screened retrospectively; age, gender, causative agent, 
duration of follow-up, time elapsed between exposure and 
presentation to the hospital, best corrected visual acuity (BCVA) 
at time of presentation, treatment modalities applied, post-
treatment BCVA and complications were recorded. For statistical 
analysis, BCVA values expressed as decimals were converted to 
logMAR.10 Counting fingers was evaluated as logMAR 2.00, 
hand motion as logMAR 3.00.

Patients’ limbal function was assessed clinically by slit-lamp 
examination. Limbal dysfunction was evaluated as findings of 
advancement of the conjunctival epithelium onto the cornea, 
loss of limbal Palisade of Vogt and/or peripheral surface 
neovascularization.

Based on corneal and conjunctival involvement, burn 
severity was graded according to the Roper-Hall classification 
system.11 In this classification, corneal epithelial defects but no 
conjunctival/corneal ischemia is grade I; corneal haze but visible 
iris details and less than one third limbal ischemia is grade II; 
total epithelium loss, stromal haze, obscured iris details and 
between one third to one half limbal ischemia is grade III; and 
opaque cornea, obscured iris and pupil details and more than one 
half limbal ischemia is grade IV.

The BCVA of grade I, II and III patients was evaluated as 
previously described; grade IV patients had very low BCVA, at 
the level of light perception; eyes in this group were not included 
in BCVA calculations and were evaluated separately.

For patients receiving medical treatment, topical corticosteroid 
drops, preservative-free artificial tears (hydroxypropyl methyl 
cellulose), autologous serum and topical vitamin A drops (Vitamin 
A-POS 250 IU/g, Biem İlaç San. ve Tic. A.Ş., Ankara, Turkey) 
were administered; for patients who developed progressive 
corneal neovascularization despite those treatments, topical 
bevacizumab (5 mg/ml, four times daily) drops were added after 
a period of 4-6 weeks. Corneal neovascularization was clinically 
evaluated using biomicroscopic digital images of the anterior 
segment taken during follow-up. As surgical treatment, amniotic 
membrane transplantation (AMT), conjunctival limbal autograft 
(CLAU) transplantation, conjunctival limbal allograft (CLAL) 
transplantation, keratolimbal allograft (KLAL) transplantation 
or penetrating keratoplasty (PKP) were performed individually, 
sequentially or in combination depending on the severity of the 
damage.

Procedures related to the ocular surface were performed by 
the same surgeon (Y.A.A.) under local or general anesthesia. 
Patients with unilateral limbal stem cell deficiency underwent 
CLAU transplantation. In this technique, surface keratectomy 
and conjunctival peritomy including the limbal area were 
performed initially to remove the vascularized pannus tissue, 
after which cautery was used to achieve adequate hemostasis. 
From the fellow healthy eye, limbal-conjunctival tissue 8 mm 
wide in the horizontal plane and 5-8 wide in the vertical plane 
was obtained, with care taken not to take Tenon’s or episcleral 
tissue. The graft tissue was placed and sutured in an anatomically 
correct position over the quadrant of the recipient bed with most 
severe limbal insufficiency. Postoperatively a bandage contact 
lens was installed to protect the ocular surface. For 3 patients, 
the CLAU procedure was performed with fibrin glue. In this 
technique, while one fixation suture is placed in the conjunctival 
surface to provide graft stabilization, no sutures are placed in the 
corneal surface. 

Patients with bilateral limbal deficiency underwent CLAL 
transplantation and/or KLAL transplantation using a graft 
taken from an HLA-compatible living relative or a cadaveric 
KLAL. The procedure for CLAL transplantation was similar to 
that described for CLAU; KLAL transplantation was conducted 
using the 360° corneoscleral ring remaining after an 8 mm 
trephination, divided into two segments.

In the postoperative period, patients were treated four 
times daily with prednisolone acetate drops (Pred Forte, 
Allergan, Westport Co, Mayo, Ireland) or dexamethasone 
drops (Dexasine SE, Liba, İstanbul, Turkey); ofloxacin drops 
(Exocin, Allergan, Westport Co, Mayo, Ireland) or moxifloxacin 
drops (Vigamox, Alcon, FW, Texas, USA); and preservative-
free artificial tears. Topical antibiotic was used until the 
corneal epithelium healed, while topical corticosteroid drops 
were gradually reduced according to clinical response. Two 
limbal allograft transplantation patients also received systemic 
cyclosporin (Sandimmun, Novartis Pharma, Basel, Switzerland) 
for a period of 2 years (5 mg/kg for the first 6 months, 3 mg/
kg for the remaining 18 months). Systemic steroid (Deltacortil, 
Ultralan-Oral, Bayer Türk, İstanbul, Turkey) treatment was 
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administered for 6 to 12 months (at a starting dose of 1 mg/
kg/day and gradually decreasing). While patients were using 
immunosuppressive agents, they were monitored for possible 
systemic side effects by monthly biochemical testing.

Patients with eyelid dysfunction following the chemical burn 
underwent entropion correction, symblepharon lysis surgery 
and/or buccal mucosal graft surgery prior to limbal stem cell 
transplantation to prevent corneal exposure.

Increase in visual acuity, improvement in ocular surface 
stability, corneal transparency and complications were evaluated 
at the end of the follow-up period. A successful outcome 
was defined as an increase in visual acuity of at least one row, 
whereas cases exhibiting persistent epithelial defect lasting 
longer than two weeks, progressive corneal vascularization and/
or corneal thinning were considered unsuccessful. In patients 
who underwent penetrating keratoplasty, presence of persistent 
corneal epithelial disorders and vascularization and opacity in 
the 4 mm central area was accepted as an unsuccessful outcome.

SPSS version 18.0 for Windows (SPSS, Chicago, IL, USA) 
was used for statistical analyses. Pre- and post-treatment values 
were compared using the Wilcoxon test. Level of significance 
was accepted as α=0.05.

Results

The study included 27 eyes of 21 patients (14 male, 7 female) 
with an average age of 27.1±15.5 years (range, 6 months-56 
years). Patients were followed for an average of 63.2±58.6 weeks 
(range, 4-160 weeks). Three patients (14.3%) had thermal 
burns, while 1 patient (4.8%) had an acid chemical burn and 
17 patients (80.9%) had alkali chemical burns. Three patients 
(14.3%) presented to our clinic immediately following exposure 
and 1 (4.8%) presented within one week. The remaining patients 
(80.9%) presented at our clinic an average of 46.2±81.3 weeks 
(range, 12-78 weeks) after exposure.

Injury severity was classified based on corneal-conjunctival 
involvement and limbal ischemia as follows: grade I for 4 eyes 
(14.8%), grade II for 8 (29.7%), grade III for 11 (40.7%), and 
grade IV for 4 (14.8%).

The average BCVA of grade I patients was 0.2±0.2 (0.5-0 
logMAR) at initial examination and 0.05±0.05 (0.1-0 logMAR) 
after treatment. BCVA values for grade II and III patients before 
treatment were 1.2±1.13 (3-0.4 logMAR) and 0.26±0.19 (0.7-
0.1 logMAR), respectively, and, 0.45±0.3 (0.9-0.2 logMAR) 
and 0.18±0.27 (0.7-0 logMAR) respectively, at the final 
examination. These increases in visual acuity were statistically 
significant (p<0.05). Of the 4 patients with grade IV burns, 
BCVA increased from light perception to counting fingers at 
1 meter for one patient, from light perception to 0.2 (Snellen) 
for one patient, and from hand movement to 0.05 (Snellen) in 
one patient. Despite treatment, the vision of the other grade IV 
patient deteriorated from light perception to light perception 
negative due to total vascularized leukoma.

Significant improvement and stabilization of the ocular 
surface was achieved in grade I and II patients with medical 

treatment alone (Figure 1a, 1b, 1c, 1d). Among grade III and 
IV patients, 2 (13.3%) underwent a single surgical procedure 
(CLAU); 13 (86.6%) underwent combined or sequential 
procedures. Surgical procedures for grade III patients were as 
follows: CLAU (6 eyes); AMT/CLAU (3 eyes); AMT/CLAL (1 
eye); and CLAL followed by PKP (1 eye). For grade IV patients: 
keratectomy, AMT/CLAL (1 eye); keratectomy, AMT/CLAU and 
subsequently keratectomy, CLAL and PKP due to recurrence (1 
eye); keratectomy and repeated CLAU, AMT/KLAL followed 
by PKP (1 eye) (Figure 2a, 2b, 2c, 2d). PKP was performed an 
average of 9.3±7.6 months (range, 8-23 months) after limbal 
stem cell transplantation. Three patients underwent a single 
PKP; one patient underwent PKP twice.

Figure 1. Patient with grade II burn. a, b) Pre-treatment anterior segment 
photographs, c, d) Post-treatment anterior segment photographs. Peripheral 
corneal vascularization has decreased and corneal opacity has disappeared with 
treatment.

a b

c d

Figure 2. Patient with grade III burn. a, b) Pre-treatment images from a patient 
with grade III burn. c) The same patient 1 month after limbal autograft and amniotic 
membrane transplantation. d) The same patient at 3 months after treatment.

a b

c d
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In 2 of the grade IV patients, limbal stem cell deficiency 
recurred after CLAU in one and after KLAL and PKP in the 
other. In the first patient, a relatively stable ocular surface was 
achieved and BCVA increased with KLAL and PKP (Figure 3a, 
3b). However, in the second case, even after repeated KLAL and 
PKP, ocular surface stability could not be achieved due to the 
development of vascularized leukoma. 

Besides the surgical procedures to the ocular surface, 
entropion surgery was performed prior to CLAU or CLAL in 2 
eyes with trichiasis and entropion; buccal mucosal membrane 
graft with eyelid and fornix reconstruction was performed in 2 
eyes with symblepharon. Procedures related to the ocular surface 
were performed at least 6 months after eyelid function returned 
to normal.

During the follow-up period, 2 eyes (7.4%) developed 
glaucoma and 2 eyes (7.4%) formed cataracts. Intraocular 
pressure was controlled in one glaucoma patient with topical 
antiglaucoma treatment; in the other patient, glaucoma 
developed in month 37 and was controlled by Ahmed glaucoma 
valve implantation. Cataract surgery was not performed on one 
patient because there was no significant impact on visual acuity; 
the second patient underwent phacoemulsification and toric 
intraocular implantation with a resulting postoperative BCVA 
of 0.2 logMAR. 

Discussion

Corneal burns can lead to serious complications due to ocular 
surface damage. Today, it is possible to limit these complications 
with current medical treatment options and advanced surgical 
techniques.

The severity of ocular surface damage depends on the agent 
type, pH and length of exposure. The majority (80.9%) of corneal 
burns in our case series were caused by alkali agents, and 48.1% 
of patients with alkali damage were in a higher severity grade 
(grade III-IV). Having a lipophilic structure, alkaline substances 
penetrate the eye and damage the ocular surface, ciliary body, 
trabecular meshwork and lens faster than acidic substances. The 
acute saponification of hydroxyl ions, cell membrane destruction 
with protein hydrolysis and denaturation are responsible for 
the pathogenesis of this damage.1,2 In cases of alkali burn, the 
inflammatory response rapidly progresses due to the release of 
proteolytic enzymes from damaged tissue, leading to limbal and 
conjunctival ischemia. This in turn leads to persistent corneal 

epithelial defects, trophic ulcers, corneal neovascularization and 
even corneal perforation. With acid burns, coagulative necrosis 
of the epithelium prevents damage from penetrating to deep 
tissues.1,2

After exposure to chemical agents, patients with lower 
stage injuries have good prognosis with medical treatment; 
however, patients with advanced stage burns require an ocular 
surface reconstructive procedure or a combination of multiple 
procedures in addition to medical treatment. In our grade I 
and II patients, ocular surface stability as well as significant 
increases in visual acuity were achieved with medical treatment 
alone. Some patients in these grades also received autologous 
serum in addition to standard medical treatment, as we believed 
it may contribute to epithelialization. We observed complete 
epithelialization in all of these patients. However, as this was 
not a controlled, comparative study and patients received 
combined treatment, it is difficult to assess the contribution of 
autologous serum to epithelialization. We believe the lysozymes, 
lactoferrin, epidermal growth factor and tumor growth factor in 
autologous serum may contribute to epithelialization. To clearly 
demonstrate this effect, controlled comparative studies with 
large patient numbers are needed.

In the treatment of corneal burns, AMT is used in the acute 
or chronic phase to help protect the conjunctival surface and 
reduce limbal stromal inflammation.12,13,14,15 AMT is used 
during ocular surface reconstruction to heal epithelial defects as 
well as provide pain control.13,14,15

Meller et al.12 performed AMT following conventional 
medical treatment in 13 eyes of 11 patients; they reported that 
AMT resulted in complete epithelialization, with limbal stem 
cell deficiency only developing in patients with grade IV burns. 
Tejwani et al.13 followed patients with alkali burns and reported 
epithelial defect healing in 92.9%, improvement of symptoms in 
84.6%, and successful ocular surface reconstruction in 63.5% of 
patients.

The advantages of AMT in ocular surface reconstruction 
include reducing perilimbal inflammation, creating a healthy 
corneal epithelium, reducing corneal neovascularization 
and enhancing the success of subsequent limbal stem cell 
transplant and/or PKP.2,16 We used this technique primarily 
in grade III-IV patients in combination with CLAU or 
KLAL transplantation to provide a healthy ocular surface 
and/or prior to PKP to increase the likelihood of success. 
In addition to these cases, we also performed AMT to treat 
persistent epithelial defect in a 6-month old grade II  patient 
who presented in the acute phase, and we observed complete 
corneal epithelialization in postoperative week 2. In a previous 
study, we performed AMT in combination with CLAU and 
symblepharon lysis in two pediatric patients and achieved a 
significant increase in vision level as well as ocular surface 
healing.17 There are limited data in the literature regarding 
the use of limbal stem cell transplantation in pediatric patients 
following chemical burns.17,18 Examination of pediatric 
patients may need to be done under general anesthesia, as slit-
lamp examination can be difficult.
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Figure 3. Patient with grade IV burn. a) Pre-treatment condition of a patient 
with grade IV burn. b) The same patient 6 months after keratolimbal allograft 
transplantation and penetrating keratoplasty

a b
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While satisfactory results are achievable in unilateral limbal 
stem cell deficiency with CLAU transplantation, the same is not 
true for patients with bilateral disease.19,20,21,22 For bilateral 
cases, heterologous tissue from cadavers or HLA-compatible living 
relatives may be used. A 5 to 6 clock hour sample of limbal tissue 
can be taken from the eye of a living donor without causing damage 
to the donor eye. However, it is possible to take larger amounts 
of tissue from cadavers.21,23,24 In addition to these options, the 
production of limbal stem cells in laboratory conditions has gained 
attention in recent years.25 This technique facilitates access to stem 
cells, and as it requires advanced equipment and experience, its use 
is expected to increase in coming years.

In a study comparing the outcomes of limbal stem cell 
transplantation using autografts and allografts, better corneal 
epithelialization and transparency were observed in the autograft 
group.26 Only one third of patients who underwent CLAU 
transplantation had corneal epithelialization after the first 
procedure; most eyes required repeated surgery. These results 
indicate that the corneal epithelium resulting from KLAL 
transplantation is more fragile than from CLAU transplantation.26 
An advantage of autograft limbal stem cell transplantation over 
KLAL is that immunosuppression is not necessary; however, 
it must be kept in mind that these patients’ healthy eyes may 
develop limbal deficiency, especially after a trauma or possibly 
postoperatively.

In the literature, there are also data available regarding the 
use of combined CLAU/KLAL transplantation in cases of severe 
unilateral ocular surface failure.27 Chan et al.27 followed patients 
with preoperative 20/400 BCVA or worse for approximately 36 
months and found postoperative BCVA of 20/80 or better in 
73% and ocular surface stability in 82% of cases. In that study, 
91% required additional PKP, and a success rate of 60% was 
reported. 

For some of the CLAU transplantation patients in our 
study, fibrin tissue glue was used, which resulted in shorter 
surgery duration than the sutured procedure and significantly 
increased patient comfort. It is claimed that the use of fibrin 
glue also decreases the risk of postoperative wound infection due 
to its prevention of debris accumulation in the wound and the 
antibiotic effect of aprotinin, one of its ingredients. Due to its 
high cost, however, its use may be limited to selected patients 
with severe ocular surface disorders. 

In some patients who underwent CLAU/CLAL to ensure 
the stability of the ocular surface, additional PKP surgery may 
be necessary due to serious postoperative corneal scarring. In 
our study, 4 patients required keratoplasty; these patients (1 
with grade III and 3 with grade IV burns) underwent PKP in 
addition to limbal stem cell transplantation. In these cases, in 
order to place the corneal graft on a relatively non-inflamed 
corneal surface and decrease the risk of corneal graft rejection 
as much as possible, the two procedures were done at different 
times. It has also been demonstrated by researchers that fewer 
complications occur when PKP is performed years after limbal 
stem cell transplantation versus simultaneously.28 In our study, 
there was an average interval of 9.3±27.4 months (range, 8-23 

months) between CLAU/KLAL transplantation and PKP. Of 
those 4 patients, 3 showed acceptable increases in visual acuity 
and relatively stable ocular surface, while in 1 patient graft 
decompensation occurred despite repeated KLAL and PKP.

With conjunctival limbal stem cell transplantation, the 
potential risk of limbal stem cell deficiency in the healthy eye is 
a concern. However, leaving the limbal stem cells in an area of 6 
clock hours minimizes this risk. We were also careful to follow 
this guideline, and limbal deficiency did not occur in any of the 
patients’ healthy eyes or relatives’ donor eyes.

In KLAL transplantation, in contrast to PKP, the limbal 
tissue is placed directly on the recipient’s vascular bed instead 
of the avascular bed. Due to the Langerhans cells and antigenic 
material in limbal tissue, systemic immunosuppressive therapy 
is required in order to minimize graft rejection. Patients 
in our study received systemic cyclosporin A treatment for 
at least 2 years with monthly monitoring of biochemical 
parameters, as well as short-term oral steroid treatment. No 
serious immunosuppression-related side effects were observed in 
any of the patients during the follow-up period.

In corneal burn cases, it is important to manage complications 
as well as stabilize the ocular surface. One of the most significant 
complications is glaucoma. In the pathogenesis of glaucoma’s 
acute phase, stromal penetration of the agent results in collagen 
shrinkage in keratocytes and the stroma due to proteoglycan 
loss.29 Damage to the trabecular meshwork itself and the 
accumulation of inflammatory debris there are responsible for 
the chronic phase of glaucoma.29 While elevated intraocular 
pressure was not observed in our patients during the acute phase, 
glaucoma developed in the chronic phase in 2 cases, and was 
controlled with topical antiglaucoma medication (1 patient) and 
surgery (1 patient).

There are some limitations to this study. The patient 
sample size was small and the treatment protocols used were 
not evaluated comparatively. More conclusive results may be 
obtained by conducting a prospective, comparative evaluation of 
the treatment modalities with long follow-up periods.

In conclusion, chemical burns can cause ocular damage 
ranging from mild to severe. It is of utmost importance to ensure 
ocular surface healing and stabilization and manage complications 
during patient follow-up. Following each intervention, these 
patients should be monitored closely and physicians must be 
aware that repeated surgical procedures may be necessary. 

Ethics Committee Approval: Retrospective data, 
Informed Consent: It was taken, Surgical and Medical 
Practices: Yonca Aydın Akova, Altuğ Çetinkaya, Concept: 
Yonca Aydın Akova, Design: Yonca Aydın Akova, Data 
Collection or Processing: İlkay Kılıç Müftüoğlu, Analysis 
or Interpretation: İlkay Kılıç Müftüoğlu, Literature Search: 
İlkay Kılıç Müftüoğlu, Writing: İlkay Kılıç Müftüoğlu, Yonca 
Aydın Akova, Peer-review: Externally peer-reviewed, Conflict 
of Interest: No conflict of interest was declared by the authors, 
Financial Disclosure: The authors declared that this study 
received no financial support



187

Kılıç Müftüoğlu et al, The Treatment of Corneal Burns

References
1. Tuft SJ, Shortt AJ. Surgical rehabilitation following severe ocular burns. Eye 

(Lond.) 2009;23:1966-1971.
2. Fish R, Davidson RS. Management of ocular thermal and chemical injuries, 

including amniotic membrane therapy. Curr Opin Ophthalmol. 2010;21:317-
321. 

3. Tsubota K, Toda I, Saito H, Shinozaki N, Shimazaki J. Reconstruction of the 
corneal epithelium by limbal allograft transplantation for severe ocular surface 
disorder. Ophthalmology. 1995;102:1486-1496.

4. Tsai RJ, Tseng SC. Human allograft limbal transplantation for corneal surface 
reconstruction. Cornea. 1994;13:389-400.

5. Dua HS, Azuara-Blanco A. Allo-limbal transplantation in patients with 
limbal stem cell deficiency. Br J Ophthalmol. 1999;83:414-419.

6. Kwitko S, Marinho D, Barcaro S, Bocaccio F, Rymer S, Fernandes S, Neumann 
J. Allograft conjunctival transplantation for bilateral ocular surface disorders. 
Ophthalmology. 1995;102:1020-1025.

7. Shimazaki J, Yang HY, Tsubota K. Amniotic membrane transplantation for 
ocular surface reconstruction in patients with chemical and thermal burns. 
Ophthalmology. 1997;104:2068-2076.

8. Rao SK, Rajagopal R, Sitalakshmi G, Padmanabhan P. Limbal allografting 
from related live donors for corneal surface reconstruction. Ophthalmology. 
1999;106:822-828.

9. Gomes JA, Santos MS, Ventura AS, Donato WB, Cunha MC, Hofling-Lima 
AL. Amniotic membrane with living related corneal limbal/conjunctival 
allograft for ocular surface reconstruction in Stevens-Johnson syndrome. Arch 
Ophthalmol. 2003;121:1369-1374. 

10. Eğrilmez S, Akkın C, Erakgün T, Yağcı A. Görme keskinliğinin 
değerlendirilmesinde standardizasyon ve kapsamlı bir denklik tablosu. Turk J 
Ophthalmol. 2002:32;132-136.

11. Roper-Hall MJ. Thermal and chemical burns. Trans Ophthalmol Soc UK. 
1965;85:631-653.

12. Meller D, Pires RT, Mack RJ, Figueiredo F, Heiligenhaus A, Park WC, 
Prabhasawat P, John T, McLeod SD, Steuhl KP, Tseng SC. Amniotic membrane 
transplantation for acute chemical or thermal burns. Ophthalmology. 
2000;107:980-989.

13. Tejwani S, Kolari RS, Sangwan VS, Rao GN. Role of amniotic membrane 
graft for ocular chemical and thermal injuries. Cornea. 2007;26:21-26.

14. Çakır H, Utine CA. Konjonktiva hastalıklarında cerrahi yöntemler-II; 
konjonktival flep, muköz membran grefti, amniyotik membran 
transplantasyonu. (Surgical methods in conjunctival diseases-II; conjunctival 
flap, mucous membrane graft, amniotic membrane transplantation). Turkiye 
Klinikleri J Ophthalmol. 2008;1:147-154.

15. Uzunlulu Öİ, Akçetin TA, Eltutar K. Medikal tedavi ile iyileşmeyen kornea 
ülseri tedavisinde amniyon membranı transplantasyonu sonuçlarımız.(Results 
of amniotic membrane transplantation procedure for the cornea ulcers 
refractory to medical treatment) Turk J Ophthalmol. 2009;39:354-359.

16. Tseng SC, Prabhasawat P, Barton K, Gray T, Meller D. Amniotic membrane 
transplantation with or without limbal allografts for corneal surface 
reconstruction in patients with limbal stem cell deficiency. Arch Ophthalmol. 
1998;116:431-441.

17. Canturk S, Akova Y, Oner V. Limbal stem cell transplantation with amniotic 
membrane for the treatment of uniocular chemical burn in children. J Pediatr 
Ophthalmol Strabismus. 2010:47.

18. Vajpayee RB, Shekhar H, Sharma N, Jhanji V. Demographic and clinical 
profile of ocular chemical injuries in the pediatric age group. Ophthalmology. 
2014;121:377-380.

19. Gur SG, Akova YA. Limbal kök hücre yetmezliğinde limbal kök hücre 
transplantasyonu. Mn Oftalmoloji. 2007;14:13-16.

20. Dua HS, Miri A, Said DG. Contemporary limbal stem cell transplantation-a 
review. Clin Experiment Ophthalmol. 2010;38:104-117.

21. Burcu A, Yalniz-Akkaya Z, Ozdemir MF, Erdem E, Onat MM, Ornek F. 
Surgical rehabilitation following ocular chemical injury. Cutan Ocul Toxicol. 
2014;33:42-48. 

22. Miri A, Al-Deiri B, Dua HS. Long-term outcomes of autolimbal and 
allolimbal transplants. Ophthalmology. 2010;117:1207-1213. 

23. Rao SK, Rajagopal R, Sitalakshmi G, Padmanabhan P. Limbal allografting 
from related live donors for corneal surface reconstruction. Ophthalmology. 
1999;106:822-828.

24. Orman G, Demirel S, Doğanay, Duman BŞ, Kütükde D. Allojen limbal kök 
hücre ve otolog oral mukozal greftiyle oküler yüzey rekonstrüksiyonu: İki 
olgu. Turk J Ophthalmol. 2013;43:129-131.

25. Durak İ, Selver ÖB, Erdal E, Kunter İ, Söylemezoğlu ZÖ, Wolosin JM. 
Limbal kök hücre yetmezliğinde kültüre edilmiş limbal epitel hücreleri ile 
oküler yüzey rekonstrüksiyonunun bir yıllık sonuçları. Turk J Ophthalmol. 
2012;42:172-176.

26. Shimazaki J, Shimmura S, Tsubota K. Donor source affects the outcome of 
ocular surface reconstruction in chemical or thermal burns of the cornea. 
Ophthalmology. 2004;111:38-44.

27. Chan CC, Biber JM, Holland EJ. The modified Cincinnati procedure: 
combined conjunctival limbal autografts and keratolimbal allografts for severe 
unilateral ocular surface failure. Cornea. 2012;31:1264-1272.

28. Yao YF, Zhang B, Zhou P, Jiang JK. Autologous limbal grafting combined 
with deep lamellar keratoplasty in unilateral eye with severe chemical or 
thermal burn at late stage. Ophthalmology. 2002;109:2011-2017.

29. Paterson CA, Pfister RR. Intraocular pressure changes after alkali burns. Arch 
Ophthalmol. 1974;91:211-218.


