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Effects of excimer laser phototherapeutic
keratectomy in limbal-conjunctival
autograft transplantation for recurrent
pterygium: a retrospective case control
study
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Abstract

Background: Repeated surgery excisions could induce obvious irregular astigmatism in patients with recurrent
pterygium. Our study is aimed to illustrate the effect of adjunct excimer laser phototherapeutic keratectomy (PTK) in
limbal-conjunctival autograft transplantation on visual quality for patients with recurrent pterygium.

Methods: Retrospective case-control study. Eyes that underwent pterygium excision with (PTK group) or without
(control group) PTK from 2006 to 2017 were retrospectively included. Recurrence rate, preoperative and
postoperative surface regularity index (SRI), surface asymmetry index (SAI), cylinder and LogMAR vision were
collected. Postoperative anterior segment optical coherence topography and in vivo confocal microscopy were
performed to monitor the cornea epithelium healing and cellular recovery process respectively.

Results: A total of 99 eyes of 99 patients were collected, of which 39 were treated with PTK and 60 without PTK.
The mean follow-up time was 50.4 ± 38.1 months. The recurrence rate was 10.3% (4 eyes) in the PTK group and
13.3% (8 eyes) in the control group (p = 0.759). The SRI decreased 0.53 (range: − 0.88, 2.81), SAI decreased 0.53
(range: − 0.64, 2.94), and the cylinder decreased 2.08 (range:-0.16, 9.40) D in the PTK group, and the corresponding
values were 0.48 (range:-0.45, 2.27), 0.27 (range:-1.06, 2.21) and 0.71 (range:-1.75, 3.55) D in the control group,
respectively (Z = 1.76, 2.15, and 3.97, p = 0.005, 0.016, and 0.000 respectively). LogMAR vision improved in both
groups after surgery, with an improvement of 0.18 (range: 0.00, 0.70) in the PTK group and 0.06 (range: − 0.12, 0.50)
in the control group (Z = 4.08, p = 0.000). Besides, the eyes treated with PTK showed faster re-epithelization and
better cellular recovery.

Conclusions: For recurrent pterygium, surgical excision with adjunct PTK might be a better option with improved
corneal surface and vision outcomes.

Keywords: Recurrent pterygium, Limbal-conjunctival autograft transplantation, Excimer laser phototherapeutic
keratectomy, Corneal topography, In vivo confocal microscopy
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Background
Pterygium is a common chronic ocular surface disease with
an overall incidence rate ranging from 1.9 to 9.84% [1, 2].
The only method to eliminate pterygium is surgical re-
moval. However, recurrence is still the most common com-
plication despite a spectrum of adjunct therapies, including
conjunctival autograft transplantation with mitomycin C
(MMC), cyclosporine, β-irradiation, and hyperbaric oxygen
[3–6]. Recurrent pterygium fibrovascular tissue adheres to
the anterior corneal stroma firmly. Repeated surgical re-
moval could cause obvious postoperative irregular astigma-
tism and the recurrence rate could be even higher after
secondary operation [7]. Adjuvant in surgery for recurrent
pterygium is warranted to achieve a lower recurrence rate,
including MMC, 5-fluorouracil (5-FU), amniotic membrane
(AM) grafts and conjunctival or limbal autografts [8]. In
1998, Talu H, et al. reported the application of excimer
laser phototherapeutic keratectomy (PTK) combined with
simple excision to treat recurrent pterygium [6]. Our study
compares the clinical outcomes of limbal-conjunctival auto-
graft transplantation (LCAT) with or without adjunct PTK
in patients with recurrent pterygium and illustrates the ef-
fects of PTK on the corneal surface after repeated pteryg-
ium removal.

Methods
Subjects
This retrospective case-control study was conducted at
the Department of Ophthalmology in the Peking Union
Medical College Hospital (PUMCH) and was approved
by the Ethic Board of PUMCH (S-K394). Medical re-
cords of patients who were diagnosed with recurrent
pterygium and received surgical removal and LCAT with
or without adjunct PTK from January 2006 to August
2017 were consecutively reviewed. Informed consents
were obtained from all subjects.
Inclusion criteria: aged 18 years old or more; recurrent

nasal pterygium with corneal invasion of at least 2 mm;
patients received surgical removal and LCAT with or
without adjunct PTK who had complete medical records
and were followed up for more than 1 year.
Exclude criteria: patients with temporal pterygium; pa-

tients received amniotic membrane or free conjunctiva
flap transplantation without limbus; inadequate follow-
up time (less than 12months).

Preoperative evaluation
Before surgery, a comprehensive ophthalmic examination
was performed, including uncorrected and best corrected
visual acuity (BCVA), corneal topography (Tomey TMS-4,
Nagoya, Japan), refraction, intraocular pressure, slit-lamp
biomicroscopy, and dilated fundus examination. Surface
asymmetry index (SAI) and surface regularity index (SRI)
were obtained from the topography. Anterior slit-lamp

microscopic photography was taken for each patient. Add-
itionally, 0.3% levofloxacin (Santen, Japan) eye drops were
prescribed four times daily for 3 days before surgery.

Surgical procedure
Pterygium excision was performed combined with LCAT
under local anesthesia (subconjunctival injection of 2%
lidocaine containing 1:100,000 epinephrine). Calipers
were used during surgery to measure the corneal inva-
sion length of the recurrent pterygium. The fibrovascular
and cicatrix tissues were carefully dissected and removed
from the sclera and cornea using a 15 Bard–Parker
blade. The corneal surface was polished using the same
blade to minimize the residual remnants. A free autolo-
gous limbal conjunctival graft containing corneal tissue
was measured with calipers and fitted with the conjunc-
tival defect area, then it was harvested from the superior
or inferior limbus. While maintaining limbus-to-limbus
polarity, the graft was carefully transferred and fixed
with interrupted 8–10 stitches. A disposable soft ban-
dage contact lens (Bausch & Lomb) was placed on the
cornea at the end of surgery for the patient’s comfort.
All the surgeries were done by the same surgeon (Dr. X.
Liu) throughout the study.
On the first postoperative day, the patients were evalu-

ated under slit-lamp microscopy and recommended for
PTK procedure. Since PTK is not covered by insurance
in China, it’s both the doctor’s and patient’s decision to
accept the procedure or not. Patients who accepted the
PTK procedure were included in the PTK group while
those who didn’t accept the procedure were in the con-
trol group. For patients in the PTK group, the MEL80
(Carl Zeiss Meditec, Jena, Germany) excimer laser was
used to perform corneal ablation with an emission wave-
length of 193 nm, an energy fluency of 240 mJ/cm2, and
a repetition rate of 13 Hz. Initially, all visible residual tis-
sues were ablated in spot mode with a spot of 3 mm.
When visible remnants were grossly ablated, a drop of
methylcellulose was instilled in the pterygium bed. Slit
mode of the excimer laser was used to achieve uniform
ablation of the pterygium bed. Generally, a depth of 50
to 100 μm was ablated.

Postoperative evaluation and data collection
The post-operative regimen included topical tobramycin-
dexamethasone solution (Alcon Laboratories, Inc., Texas,
USA) 4 times per day for 1 week, and tapered down in 1
month. The patients were assessed at postoperative day
(POD)1, 4 and 7; week (POW) 2 and 3; and month
(POM) 1,3,6,12 and 18 for BCVA, IOP and slit-lamp mi-
croscopy. Anterior segment optical coherence topography
(AS-OCT, Visante AS-OCT 1000; Carl Zeiss Meditec,
Dublin, CA, USA) was performed in all patients on POD4
to assess the healing of corneal epithelium and repeated
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daily until the whole corneal was re-epithelized. Recur-
rence, in vivo confocal microscopy (IVCM, Heidelberg
Retinal Tomograph with Rostock Corneal Module, Hei-
delberg Engineering, GmBH, Dossenheim, Germany) and
corneal topography were evaluated every 3months during
the follow-up. LogMAR improvement (ΔLogMAR) was
defined as the difference between preoperative and post-
operative (6months) LogMAR visual acuity values. SAI/
SRI decrement (ΔSAI/ΔSRI) was defined as the difference
between preoperative and postoperative (6months) SAI/
SRI values, and cylinder decrement (Δcylinder) was de-
fined as the difference between preoperative and postoper-
ative (6months) cylinder values. Recurrence was defined
as fibrovascular proliferative tissue crossing the limbus in
this study [9].

Statistical analysis
SPSS version 16.0 (SPSS Inc., Chicago, Illinois, USA)
was applied for the statistical analysis. The data were
given as mean ± standard deviation (SD) and compared
with Student’s t-test for normally distributed parameters
(age, corneal invasion length and recurrence interval).
For the parameters that were not normally distributed
(ΔLogMAR, ΔSAI, ΔSRI and Δcylinder), the data were
displayed as median (range) and compared with Mann-
Whitney U test. Chi-square test or fisher’s exact test was
used for the analysis of categorical data. P < 0.05 was
considered statistically significant.

Results
A total of 99 eyes of 99 patients were eligibly accessed in
this study (Table 1). The right eye was included if a pa-
tient had recurrent pterygium in both eyes (11patients).
There was no difference in age (t = 1.17, p = 0.24) or sex
ratio (χ2 = 1.044, p = 0.307) between two groups. The
mean follow-up time was 50.4 ± 38.1 months. No differ-
ences were found between two groups regarding the
number of previous pterygium excision surgeries before
this study (Table 1). The last pterygium surgery occurred
at least 6 months before study.

Table 2 summarized the clinical outcomes of two
groups. The corneal invasion length in PTK group was
even longer than the control before surgery (p = 0.006).
Both treatments showed an improvement in visual acuity
and corneal topography, and the PTK group displayed
significantly more improvement compared with the con-
trol group (Table 2, Fig. 1). Furthermore, smoother cor-
neal surfaces and more intact epithelium were observed
in the PTK group. Local abruption of the epithelium
layer and rough ocular surfaces were observed in some
cases in control group. A stromal pit was formed and
remnants of the fibrous tissue over the corneal stroma
were revealed by AS-OCT (Fig. 2).
The patients treated with PTK exhibited clearer and

smoother cornea in appearance (Fig. 3), which was also
confirmed by IVCM (Fig. 4). IVCM showed slightly ir-
regular polygonal basal cells in the surgical area with
limited brightness reflecting cell structures (Fig. 4a) and
a relatively smooth cell layer in PTK group. In the con-
trol group, the epithelial cells were more irregular, and
the cell structure could not be visualized, possibly due to
the rough and uneven surface and wing cells, basal cells
and scar fibers in the same layer (Fig. 4b). The sub-
epithelial nerve plexus was almost normal in length and
density in the PTK patients under IVCM, except for a
mildly distorted border between the normal and the sur-
gical area (Fig. 4c). In the control group, nerve fiber
density decreased, and full-length fibers were not easily
visualized, indicating a rough surface layer (Fig. 4d). The
anterior stroma appeared normal with mild, bright scar
tissue (Fig. 4e) in PTK group and highly reflective scar
tissue in the controls (Fig. 4f).
Recurrence was identified in 4 eyes (10.3%) in the PTK

group and in 8 (13.3%) eyes in the control group, which
were treated with weekly 5-FU intralesional injections.
All eyes became quiescent and stable. No significant dif-
ferences in the recurrence rate (p = 0.759) or the recur-
rence time (p = 0.59) were found between the two
groups. PTK treatment didn’t induce extra graft bleeding
or edema compared with controls (Table 2). No infec-
tions, corneal ulcers or corneal melting were observed
during the follow-up period.

Discussion
Pterygium excision and the bare sclera technique for re-
current pterygium have been abandoned in recent years
because of the high recurrence rate [10]. Pterygium exci-
sion with LCAT is considered effective for the treatment
of primary and recurrent pterygium to reduce the recur-
rence rate [10, 11], and it also appears to be a better op-
tion compared with conjunctival autograft without
limbus and amniotic membrane transplantation [11–13].
MMC, beta irradiation [8, 14], hyperbaric oxygen [3]
and anti-VEGF [15] may also further decrease the

Table 1 Demographics of Subjects

PTK (N = 39) Control (N = 60) p value

Age (mean ± SD) 55.1 ± 10.1 57.5 ± 9.9 0.240*

Sex (male/female) 15/24 23/37 0.307#

Number of previous pterygium surgeries

1 35.9% (14/39) 45.0% (27/60) 0.359†

2 38.5% (15/39) 41.7% (25/60)

3 17.9% (7/39) 11.7% (7/60)

4 7.7% (3/39) 1.7% (1/60)

* two-tailed t test; #Chi-square test; † Fisher’s exact test
p-values less than 0.05 are considered significant
PTK Excimer laser phototherapeutic keratectomy
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recurrence rate, but the associated vision-threatening
complications are concerning [6, 16]; these adjunct ther-
apies are controversial and are not available in most hos-
pitals in China.
In recurrent pterygium, fibrovascular and scar tissues

adhere to the stroma and sclera firmly. After initial exci-
sion, a rough surface with a stromal pit and remnants of
the fibrous tissue are generally inevitable and can cause
severe irregular astigmatism [17]. Lamellar keratoplasty
was typically required to improve vision [18]. Excimer
laser PTK can smooth the corneal surface and ablate re-
sidual tissues and stromal scars better than the diamond
fraise technique without thermal damage to the nearby
corneal tissue, preventing scar formation and

neovascularization [19]. Excimer laser PTK appears to be
a helpful adjunct procedure in recurrent pterygium sur-
gery to achieve better visual outcomes [6]. In this study,
smoother corneal surfaces were confirmed by slit-lamp
examination, corneal topography, AS-OCT and IVCM.
Furthermore, PTK could facilitate cornea re-epithelization
after pterygium excision [20]. A smooth corneal surface
provides a better basement membrane for the corneal epi-
thelium to attach and spread, which was confirmed by
AS-OCT examination in this study. PTK combined with
refractive correction could also be performed several
weeks or months following pterygium removal. However,
POD1 was set as the time of PTK in this study to avoid re-
peated cornea epithelium removal.

Table 2 Comparison of clinical outcomes between PTK and control group

PTK (N = 39) Control (N = 60) p value

Corneal invasion length 4.2 ± 1.12 3.49 ± 1.26 0.006*

ΔLogMAR 0.18 (0.12,0.38) 0.06 (0.00,0.18) 0.000§

ΔSAI 0.53 (0.22,2.31) 0.48 (0.22,0.60) 0.005§

ΔSRI 0.53 (0.07,1.61) 0.27 (0.08,0.59) 0.016§

ΔCylinder 2.08 (0.76,3.09) 0.71 (0.22,1.56) 0.000§

Unhealed epithelium on POD4 2.56% (1/39) 13.3% (8/60) 0.084†

Under-graft bleeding 7.69% (3/39) 3.33% (2/60) 0.380†

Graft edema 2.56% (1/39) 1.67% (1/60) 0.628†

Recurrence rate 10.3% (4/39) 13.3% (8/60) 0.759†

Recurrence interval (month) 3.13 ± 2.68 2.88 ± 1.86 0.590*

* two-tailed t test; § Mann-Whitney U test; † Fisher’s exact test
For corneal invasion length and recurrence interval, data were displayed as mean ± SD; for ΔLogMAR, ΔSAI, ΔSRI, ΔCylinder, data were displayed as median
(range); for unhealed epithelium on POD4, under-graft bleeding, graft edema and recurrence rate, data were displayed as percentage (number). p-values less than
0.05 are considered significant and highlighted in bold
PTK Excimer laser phototherapeutic keratectomy, SAI Surface asymmetry index, SRI Surface regularity index, POD Postoperative day, ΔLogMAR was defined as the
difference between preoperative and postoperative (6 months) LogMAR visual acuity; ΔSAI/ΔSRI was defined as the difference between preoperative and
postoperative (6 months) SAI/SRI; Δcylinder was defined as the difference between preoperative and postoperative (6 months) cylinder

Fig. 1 Corneal topography changes before and after recurrent pterygium excision and PTK treatment. A50-year-old female suffering from
recurrent pterygium in her left eye with prominent irregular astigmatism (a). Two weeks after surgical excision and PTK treatment, a relatively
smooth corneal surface with significant reduction in cylinder was found on corneal topography (b). PTK: excimer laser
phototherapeutic keratectomy
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Corneal topography is a useful and powerful tool for
evaluating the refractive changes caused by pterygium
[21]. SAI, SRI and cylinder are the most important values
in pterygium patients. Pterygium could cause the flatten-
ing of the central cornea, and recurrent pterygium may in-
duce significant corneal distortion, causing the SRI, SAI
and cylinder to increase dramatically [17]. After pterygium
excision, these parameters improve gradually and may be-
come stable over a period of approximately 3 months. The
preoperative parameters were not comparable between
the two groups, and the patients in the PTK group had
higher SRI, SAI and cylinder values than the controls.
Therefore, we compared the changes of SRI, SAI and cy-
linder before and after surgery between the two groups

and found that the patients in the PTK group showed
more obvious SRI, SAI and cylinder improvements after
surgery than the controls. The smooth corneal surface
achieved with PTK can help patients obtain more vision
improvements. A smooth corneal surface and less scar tis-
sue on the cornea after PTK treatment showed that this
approach might be a better and safer choice than lamellar
keratoplasty [22]. However, the corneal topographic data
were collected from the center or para-center of the cor-
nea, a small and thin pterygium invading into the cornea
within 2–3mm could cause tremendous limbal changes
but only mild central corneal parameter changes. To avoid
these biases, better tools to evaluate pterygium corneal
surface changes should be investigated.

Fig. 2 Anterior segment optical coherence topography images of patients. a A smooth corneal surface and intact epithelium (white arrow) were
observed beneath the contact lens in a 56-year-old female received PTK on postoperative day 4; b A rough surface with stromal pits and a defect
in the epithelial (white arrow) layer under the contact lens in a 58-year-old female who didn’t receive PTK treatment. PTK: excimer laser
phototherapeutic keratectomy

Fig. 3 Slit-lamp photos of the patients. a Preoperative recurrent pterygium affecting the pupil area in a 63-year-old male before surgery. b Six
months after surgical removal and PTK treatment, the cornea was clear and smooth. c Recurrent pterygium in a 67-year-old male. d Six months
after surgery without PTK treatment, the nasal cornea was rough and opaque. PTK: excimer laser phototherapeutic keratectomy
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The speed of corneal re-epithelization depends on the
basement membrane. A smooth corneal surface achieved
by PTK provides a better basement membrane for new
epithelium to attach and spread than that observed in the
untreated controls. Usually, fluorescein staining has been
used to test corneal epithelium healing, but in this study,
to relieve postoperative pain, foreign body sensation, tear-
ing and photophobia, we covered the corneal epithelial de-
fect with a bandage contact lens. Therefore, AS-OCT was
used to monitor epithelial healing in this study to avoid
disturbing re-epithelization or peeling of the unattached
new epithelium or potential contamination by fluorescein

[23]. A smoother ocular surface and a shorter healing time
were observed via OCT in PTK-treated eyes.
IVCM can reveal the microscopic cell structures of dif-

ferent layers of the cornea. Recurrent pterygium removal
inevitably damages the epithelium, Bowman’s layer, sube-
pithelial nerve plexus and anterior stroma [24]. In this
study, IVCM provided more details regarding cell struc-
ture related to the efficacy of PTK treatment in reducing
corneal scar formation, decreasing remnants, and smooth-
ing the corneal surface. To our best knowledge, this is the
first report on IVCM following pterygium removal for
PTK-treated corneas. In this study, the epithelium, nerve

Fig. 4 In Vivo Confocal Microscopy examination of the patients 6 months after surgery with (a, c, e) or without (b, d, f) PTK treatment. a The
epithelium exhibited slightly irregular polygonal basal cells in the surgical area with some brightly reflective cell structures. b Highly reflective
masses with irregular cell shapes were observed. c Normal (in length and density) subepithelial nerve plexus. d Decreased nerve density and
short nerve fibers. e Normal stromal cells with mild bright scar tissue; f Highly reflective scar tissue in the stroma
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and stroma showed greater improvements in the PTK
group than in the controls.
PTK could help patients obtain a satisfactory refractive

corneal surface and reduce the recurrence rate [6, 25]. A
12.5% recurrent rate was reported for recurrent pterygium
excision, and a rate of 0.02% was reported for MMC use in
surgery [26]. In this study, we found a similar recurrence
rate of 10.3% in the PTK-treated patients and 13.3% in the
controls. However, the preoperative values of LogMAR
BCVA, SRI, SAI, cylinder and corneal invasion length were
significantly higher in the PTK group than the controls.
Unbalanced baseline values may explain the insignificant
recurrence rates between the two groups in this study. Talu
H et al. reported a group of 22 recurrent pterygium patients
treated with excision, PTK and the bare sclera technique
and found a recurrence rate of 4.5% [6]. However, in their
study, no controls were included, and the preoperative clin-
ical data may be different from our patients.
In most hospitals and clinics in China, excimer lasers

are mounted in specialized operation rooms (ORs), while
the pterygium removal surgery is performed in a regular
OR. Patients may have to be referred to another doctor
for PTK treatment on a different day, which may impede
the implementation of PTK after pterygium removal in
China.
This study has some limitations. This was not a pro-

spective, randomized study. Selection bias cannot be ex-
cluded. Patients with a good economic status are likely
to accept PTK which is expensive and is not covered by
insurance in China. In this study, less than half of the
patients accepted PTK surgery following our recommen-
dation. Therefore, a randomized study should be consid-
ered in the future to confirm our findings.

Conclusions
In this study, we compared recurrent pterygium patients
who underwent pterygium removal and LCAT with or
without PTK treatment. Although the recurrence rates
were not significantly different, the patients treated with
PTK after recurrent pterygium removal showed greater
BCVA, SRI, SAI and cylinder improvements, a smoother
corneal surface, faster re-epithelization, and better cellu-
lar recovery based on IVCM. PTK could be another
choice of adjunctive therapy for recurrent pterygium
surgery with an acceptable recurrence rate.

Abbreviations
AS-OCT: Anterior segment optical coherence topography; BCVA: Best
corrected visual acuity; IVCM: In vivo confocal microscopy; LCAT: Limbal-
conjunctival autograft transplantation; OR: Operating room;
POD: Postoperative day; PTK: Limbal-conjunctival autograft transplantation;
SAI: Surface asymmetry index; SRI: Surface regularity index

Acknowledgements
We thank Ms. Yumei Jin and Ms. Fengrong Ai for their support during the
PTK surgical procedures and data collection.

Authors’ contributions
DC interpreted data and drafted the manuscript. XL conducted all the
pterygium surgeries, analyzed the data and designed the study. QL and ZW
coordinated data collection and analysis. YL did all the surgeries of PTK
treatments and designed the study. All authors read and approved the final
manuscript.

Funding
No funding was received for this study.

Availability of data and materials
Data and materials related to this work are available from the corresponding
author upon reasonable request.

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki.
Ethical approval was granted by the Ethics Committee of Peking Union
Medical College Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College(S-K394). Written informed consents were obtained
from all subjects.

Consent for publication
Written consent for publication was obtained from each subject.

Competing interests
The authors declare that they have no competing interests.

Received: 9 January 2019 Accepted: 11 November 2019

References
1. Song P, Chang X, Wang M, An L. Variations of pterygium prevalence by age,

gender and geographic characteristics in China: a systematic review and
meta-analysis. PLoS One. 2017;12(3):e0174587.

2. Rim TH, Kang MJ, Choi M, Seo KY, Kim SS. The incidence and prevalence of
pterygium in South Korea: a 10-year population-based Korean cohort study.
PLoS One. 2017;12(3):e0171954.

3. Assaad NN, Chong R, Tat LT, Bennett MH, Coroneo MT. Use of adjuvant
hyperbaric oxygen therapy to support limbal conjunctival graft in the
management of recurrent pterygium. Cornea. 2011;30(1):7–10.

4. Clearfield E, Muthappan V, Wang X, Kuo IC. Conjunctival autograft for
pterygium. Cochrane Database Syst Rev. 2016;2:CD011349.

5. Masters JS, Harris DJ Jr. Low recurrence rate of Pterygium after excision with
Conjunctival Limbal autograft: a retrospective study with long-term follow-
up. Cornea. 2015;34(12):1569–72.

6. Talu H, Tasindi E, Ciftci F, Yildiz TF. Excimer laser phototherapeutic keratectomy
for recurrent pterygium. J Cataract Refract Surg. 1998;24(10):1326–32.

7. Zeng W, Liu Z, Dai H, Yan M, Luo H, Ke M, Cai X. Anti-fibrotic, anti-VEGF or
radiotherapy treatments as adjuvants for pterygium excision: a systematic
review and network meta-analysis. BMC Ophthalmol. 2017;17(1):211.

8. Kaufman SC, Jacobs DS, Lee WB, Deng SX, Rosenblatt MI, Shtein RM.
Options and adjuvants in surgery for pterygium: a report by the American
Academy of ophthalmology. Ophthalmology. 2013;120(1):201–8.

9. Liu J, Fu Y, Xu Y, Tseng SC. New grading system to improve the surgical
outcome of multirecurrent pterygia. Arch Ophthalmol. 2012;130(1):39–49.

10. Chen R, Huang G, Liu S, Ma W, Yin X, Zhou S. Limbal conjunctival versus
amniotic membrane in the intraoperative application of mitomycin C for
recurrent pterygium: a randomized controlled trial. Graefe's Arch Clin Exp
Ophthalmol. 2017;255(2):375–85.

11. Gris O, Guell JL, del Campo Z. Limbal-conjunctival autograft transplantation for
the treatment of recurrent pterygium. Ophthalmology. 2000;107(2):270–3.

12. Al Fayez MF. Limbal versus conjunctival autograft transplantation for
advanced and recurrent pterygium. Ophthalmology. 2002;109(9):1752–5.

13. Barbosa JB, De Farias CC, Hirai FE, Pereira Gomes JA. Amniotic membrane
transplantation with narrow-strip conjunctival autograft vs conjunctival
autograft for recurrent pterygia. Eur J Ophthalmol. 2017;27(2):135–40.

14. Simsek T, Gunalp I, Atilla H. Comparative efficacy of beta-irradiation and
mitomycin-C in primary and recurrent pterygium. Eur J Ophthalmol. 2001;
11(2):126–32.

15. Besharati MR, Manaviat MR, Souzani A. Subconjunctival bevacizumab
injection in treatment of pterygium. Acta Med Iran. 2011;49(3):179–83.

Chen et al. BMC Ophthalmology          (2019) 19:238 Page 7 of 8



16. Stival LR, Lago AM, Figueiredo MN, Bittar RH, Machado ML, Nassaralla Junior
JJ. Efficacy and safety of subconjunctival bevacizumab for recurrent
pterygium. Arq Bras Oftalmol. 2014;77(1):4–7.

17. Walland MJ, Stevens JD, Steele AD. The effect of recurrent pterygium on
corneal topography. Cornea. 1994;13(5):463–4.

18. Reeh MJ. Corneoscleral lamellar transplant for recurrent pterygium. Arch
Ophthalmol. 1971;86(3):296–7.

19. Jandrasits K, Schauersberger J, Nepp J, Rainer G, Vass C, Skorpik C. Excimer
laser versus diamond fraise: equal short-term outcome of corneal
smoothing in pterygium operations. Klin Monatsbl Augenheilkd. 2001;
218(6):418–23.

20. Walkow T, Daniel J, Meyer CH, Rodrigues EB, Mennel S. Long-term results
after bare sclera pterygium resection with excimer smoothing and local
application of mitomycin C. Cornea. 2005;24(4):378–81.

21. Yagmur M, Ozcan AA, Sari S, Ersoz TR. Visual acuity and corneal topographic
changes related with pterygium surgery. J Refract Surg. 2005;21(2):166–70.

22. Dake CL, Crone RA, de Keizer RJ. Treatment of (recurrent) pterygium oculi
by lamellar keratoplasty. Doc Ophthalmol. 1980;48(2):223–30.

23. Chen D, Lian Y, Li J, Ma Y, Shen M, Lu F. Monitor corneal epithelial healing
under bandage contact lens using ultrahigh-resolution optical coherence
tomography after pterygium surgery. Eye Contact Lens. 2014;40(3):175–80.

24. Reid TW, Dushku N. What a study of pterygia teaches us about the cornea?
Molecular mechanisms of formation. Eye Contact Lens. 2010;36(5):290–5.

25. Rubinfeld RS. Long-term results after bare sclera pterygium resection with
excimer smoothing and local application of mitomycin C. Cornea. 2006;
25(6):758 author reply 758-759.

26. Seiler T, Schnelle B, Wollensak J. Pterygium excision using 193-nm excimer
laser smoothing and topical mitomycin C. Ger J Ophthalmol. 1992;1(6):429–31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Chen et al. BMC Ophthalmology          (2019) 19:238 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Preoperative evaluation
	Surgical procedure
	Postoperative evaluation and data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

