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Abstract
Background: The study aimed to evaluate and compare the results of the conjunctival �ap (CF) and
cryopreserved amniotic membrane graft (AMG) in the management of fungal corneal ulcer with complications
or non-responsive to medical treatment.

Methods: In this retrospective study, medical records of 30 patients with culture-positive fungal corneal ulcer
treated with either CF or AMG (15 eyes in each group) were retrieved for analysis. After the surgical procedure,
patients were followed up at days 1, 7, 14, 21, 30, 60, 90, 120, and 180 to explore outcome of the operation
along with complications.

Results: Infecting fungi were Fusarium (n=11), Aspergillus (n=10), Mucor (n=4) and Penicillium (n=10). The
most common indication was resistant ulcer with perforation. After the procedure, epithelization was
completed in 11(73.33%) and 13 (86.67%) patients in the CF and AMG groups. Visual acuity improvement was
signi�cantly better in the latter group (CF: 1 [6.67%] vs. AMG: 7 [46.67%], p=0.023). Flap failure occurred in 4
patients (26.67%) from the CF and 2 (13.33%) from the AMG group. No signi�cant differences were found
between the two groups regarding success rate (p=0.651), epithelialization time (p=0.691), healing of corneal
ulcer (p=0.651), and postoperative stability (p=0.651) of the �aps.

Conclusions: CF and AMG are both effective for the management of refractory fungal corneal ulcers. However,
AMG appears to improve visual acuity better than CF. 

Introduction
An infectious corneal ulcer is a condition that occurs by the corneal invasion of the environmental microbes to
produce in�ammation and in turn leading to ulceration[1]. This ulcer is one of the most common causes of
corneal opaci�cation, and blindness, responsible for almost 36 million blindness worldwide (3.5% of all blind
persons)[2]. However, the epidemiology varies according to the socio-economic characteristics of the countries.
While viral infections contribute to the major portion of corneal ulcers in the developed countries, infection with
bacteria like Streptococcus pneumonia, Streptococcus viridans, and Bacillus; fungi like Fusarium and
Aspergillus, and Acanthamoebae contribute to the major portion in the agriculture-based societies of
developing countries[3–5].

Fungal corneal ulcer is a self-deteriorating disease. Without prompt and adequate medical management, even
a minor corneal abrasion may lead to a blinding corneal ulcer. [4] Compared to bacterial ulcers, the fungal ulcer
has a poor prognosis. Almost one-third of the fungal corneal ulcer does not respond to medical treatment and
require surgical intervention[6]. Clinical characteristics of ulcer-like larger size, presence of hypopyon, growth of
Aspergillus, etc. as well as limitations of the available antifungal drugs like poor penetration to corneal tissue,
limited spectra of activity, and surface toxicity contribute to the failure of medical treatment[6, 7].

Several surgical procedures are available for the management of fungal corneal ulcer refractory to medical
treatment. The preference of surgical modalities depends on the size, etiology, and location of the ulcer.
Corneal transplant (Keratoplasty), conjunctival �ap (CF), and amniotic membrane graft (AMG) are widely used
surgical procedures[8, 9]. However, with the increasing donor crisis and due to the high risk of corneal graft
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rejection and infection, transitional surgeries like conjunctival �ap were popularized during the mid-twentieth
century[10, 11]. This procedure showed good post‐surgical outcomes in refractory fungal corneal ulcers in
terms of control of infection, visual acuity, and preservation of the eyeball with the potential of future corneal
transplant[7, 12]. The conjunctival �ap has several advantages: due to adequate vascularity it ensures cellular
and humoral immunity to improve healing as well as corneal in�ammation and pain may be well controlled[7,
11]. More recently, the amniotic membrane graft has become a convenient choice of surgical treatment for
refractory fungal corneal ulcers due to its wide availability as well as biological advantages like wound healing,
anti-in�ammatory, antimicrobial, and anti-angiogenic properties[13, 14]. A recent meta-analysis including four
RCTs reported that AMG could reduce the meantime to complete corneal healing and improve the visual acuity
than the standard antimicrobial treatment alone without any signi�cant difference between fungal or bacterial
ulcers[14]. These RCTs reported the e�cacy of AMG compared to the standard medical treatment, hence,
comparative analysis of the surgical procedures like CF or AMG was not done. A recent study compared the
outcomes of CF to AMG in refractory infective corneal ulcers and observed similar outcomes in both
intervention groups in terms of ulcer healing (healing rate 90% in both groups), improvement of visual acuity
(61% in CF and 56% in AMG) and epithelialization time (mean 13.2 days in CF and 13.9 days in AMG).
However, they did not distinguish the outcomes in bacterial and fungal corneal ulcers. Thus, post-surgical
outcome of CF and AMG in refractive fungal corneal ulcers is yet to be investigated. Our center regularly uses
both of these methods in the treatment of corneal ulcers. In this study, we evaluated and compared the surgical
outcomes of CF and AMG in the treatment of refractory fungal corneal ulcers.

Methods

Patients and settings
We retrospectively collected data of refractory or complicated fungal corneal ulcer patients treated with
conjunctival �ap (CR) or amniotic membrane graft from January 2018 to December 2019 in the Department of
Ophthalmology of Sylhet MAG Osmani Medical College (SOMC) Hospital from January 2018 to December
2019. Treatment eligibility was having fungal corneal ulcer refractory (non-responsive) to medical treatment
(de�ned as non-healing corneal ulcer without improvement after intensive medical therapy for two weeks), or
having any of the following complications- descemetocele, perforation and deep ulcer. Exclusion criteria were:
(i) mixed infections, (ii) ocular diseases like corneal dystrophy or corneal opacity (iii) taking topical or systemic
steroids and immunosuppressive agents for ocular or systemic diseases, and (iv) intraocular surgery within the
past six months. After screening and obtaining informed written consents from the eligible patients they were
treated with either conjunctival �ap (CF) or amniotic membrane graft (AMG) group based on availability of
material, and affordability and choice of patients. For the present study patients were consecutively included if
they achieved an observation period of 180 days after the operation. Patients with incomplete or missing data
were excluded from the analysis. Finally, a total of 15 patients in each treatment groups were included in this
study.

Data collection procedure
The following data was collected from the records: baseline demographic and clinical details, including name,
age, sex, duration of onset of disease, treatment history, and vital statistics, and details of the outcome,
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including the completion of epithelization at day 180 (primary outcome), and achievement of visual acuity by
counting �nger at 0.5m distance, corneal ulcer healing, and postoperative stability of the graft (secondary
outcomes). Follow-up data for days 1, 7, 14, 21, 30, 60, 90, 120, and 180 were taken.

Diagnosis con�rmation of fungal corneal ulcer
The diagnosis of the fungal corneal ulcer was based on the culture of the specimen obtained by corneal
scraping. After discontinuation of antifungal therapy for 24 hours, a corneal scraping specimen was collected
from the leading edge and base of the ulcer and used for 10% potassium hydroxide (KOH) wet mount
preparation, culture on Saboraud's Dextrose Agar (SDA) media, and gram staining. Identi�cation of fungi from
the growth positive SDA media was done based on their gross colonial characteristics and microscopic
�ndings.

Interventions
The patients received either conjunctival �ap (CF) or amniotic membrane graft (AMG). In CF surgery a tongue-
shaped segment of conjunctiva exhibiting the best blood supply to the ulcer was mobilized over the ulcerated
area of the cornea following the methods of Nizeyimana et al [7]. On the other hand, in AMG surgery, a piece of
the sterile cryo-preserved human amniotic membrane was prepared and grafted over the ulcerated area as
previously described by Lee and Tseng [13]. In both cases, interrupted suture with 10 − 0 mono�lament nylon
was used to �x the graft. All the procedures were conducted with proper aseptic precaution under peribulbar
anesthesia. Finally, the eye was patched for 24 hours and after that, topical antifungal eye drop (Natamycin)
and eye ointment (Clotrimazole) were continued along with cycloplegic and analgesic agents for two weeks. All
surgical procedures were performed by a single experienced ophthalmologist.

Outcome de�nitions
Following de�nitions were used during the assessment of the patients at follow-up.

Healing of ulcer: It was de�ned as subsidized pain, absence of ciliary congestion (assessed by diffuse
illumination with slit lamp), corneal edema (assessed by oblique focal illumination with slit lamp), and
decreased anterior chamber reaction (assessed by SUN working group grading of cells and �ares)[15].

Visual acuity: Visual acuity for distance was assessed by Snellen's chart, where 6/6 was considered as
normal when the patient was able to read up to 6 line from a distance of 6 meter (m) [16]. Visual acuity is
measured as 6/9, 6/12, 6/18, 6/24, 6/36, 6/60. If the patients could not read the top line (6/60), they were
asked to walk slowly towards the chart. If no improvement, they were asked to count �nger of the examiner
and vision was recorded as counting �nger (CF) or hand movement (HM). Perception of light (PL) was
used for measurement if CF or HM could not be recognized by the patient. All patients underwent an
assessment of visual acuity before and 180 days after surgery. For the assessment of surgical outcomes
counting �nger from ≥ 0.5m distance at day 180 after procedure was considered adequate.

Epithelialization time: Progression of epithelialization was evaluated by slit-lamp biomicroscopy with
�uorescein staining of the cornea. Fluorescin does not stain corneal epithelium but stains the stroma in
areas in which epithelium is absent[17].

Postoperative stability of the �ap: The graft was considered stable if it was �xed in its position without
any wrinkling over the graft, and the color of the graft was appropriate. The normal color of conjunctival
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�ap is pink and of amniotic membrane is transparent.

Evisceration
In case of the development of severe endophthalmitis, prompt medical treatment along with intravitreal
antibiotic was given. If no improvement was recorded or infection was aggravated evisceration of the eye was
performed for unendurable pain.

Ethics statement
The study was approved by the ethical review committee of SOMC, Sylhet (Memo no: SOMC/2019/07).
Informed written consent for surgery and the use of their data for research purposes was ensured before
surgical procedure. Hence, no additional consent was required.

Statistical analyses
All the statistical analyses were carried out using SPSS version 26.0. Frequency distribution with percentage for
categorical variables and mean with standard deviation (SD) for continuous variables were used to represent
data. Chi-square test or Fisher's exact test as appropriate was used to compare the categorical outcomes and
an independent t-test was used to compare continuous outcomes between groups. A Kaplan-Meyer survival
curve was developed to see the cumulative probability of improvement in visual acuity over 180 days between
two groups, and the difference was compared statistically by log-rank test. P-value of < 0.05 was considered as
statistically signi�cant.

Results
A total of 34 patients were assessed for eligibility and thirty eyes with refractory fungal keratitis from 30
patients were �nally treated with surgical interventions during the study period. Fifteen eyes each assigned to
the conjunctival �ap (CF) and the amniotic membrane graft (AMG) were included in the �nal analysis.

Characteristics of the patients with refractory culture positive
fungal keratitis
The average age of the patients was 47.33 ± 12.80 years (SD) with most of them being aged between 55 to 64
years. Thirty percent of patients were female. Half of the patients had left eye involvement and another half
had right eye involvement. Agricultural trauma was the most common risk factor (63.3%) and perforation was
the most common indication for surgery (50%). Fusarium and Aspergillus were isolated in 36.7% and 33.3%
cases. Baseline demographic and clinical characteristics were similar across the group. (Table 1)
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Table 1
Characteristics of the patients with fungal corneal ulcer

Variables Study subjects p-value

Total

n (%)

CF

(n = 15)

n (%)

AMG

(n = 15)

n (%)

Age (years), mean ± SD 47.33 ± 12.80 47.40 ± 11.99 47.27 ± 13.99 0.978

Age groups (years)        

< 25 1 (3.3) 0 1 (6.7) 1.000

25–34 5 (16.7) 2 (13.3) 3 (20.0)  

35–44 5 (16.7) 4 (26.7) 1 (6.7)  

45–54 6 (20.0) 3 (20.0) 3 (20.0)  

55–64 13 (43.3) 6 (40.0) 7 (46.7)  

Gender        

Male 21 (70) 11 (73.3) 10 (66.7) 1.00

Female 9 (30) 4 (26.7) 5 (33.3)  

Affected Eye        

Right eye 15 (50.0) 10 (66.7) 5 (33.3) 0.068

Left eye 15 (50.0) 5 (33.3) 10 (66.7)  

Risk factors        

Agricultural trauma 19 (63.3) 11 (73.3) 8 (53.3) 0.256

Chronic dacryocystitis 10 (33.3) 3 (20.0) 7 (46.7) 0.121

Diabetes mellitus 10 (33.3) 6 (40.0) 4 (26.7) 0.439

Indications for surgery        

Descemetocele 5 (16.7) 3 (20.0) 2 (13.3) 0.615

Perforation 15 (50.0) 6 (40.0) 9 (60.0)  

Deep Ulcer 6 (20.0) 3 (20.0) 3 (20.0)  

Others* 4 (13.3) 3 (20.0) 1 (6.7)  

Pathogens        

*Non-responder to medical management for two weeks; CF: Conjunctival �ap; AMG: Amniotic membrane
graft

p-value was determined by Independent Samples t-test and Chi-square test where appropriate
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Variables Study subjects p-value

Total

n (%)

CF

(n = 15)

n (%)

AMG

(n = 15)

n (%)

Fusarium 11 (36.7) 6 (40.0) 5 (33.3) 0.910

Aspergillus 10 (33.3) 4 (26.7) 6 (40.0)  

Mucor 4 (16.7) 3 (20.0) 2 (13.3)  

Penicillium 4 (13.3) 2 (13.3) 2 (13.3)  

*Non-responder to medical management for two weeks; CF: Conjunctival �ap; AMG: Amniotic membrane
graft

p-value was determined by Independent Samples t-test and Chi-square test where appropriate

Pre-operative characteristics of the patients
Table 2 describes the pre-operative characteristics of the patients. Pre-operatively majority of patients (n = 13,
43.3%) had visual acuity restricted to hand movement (n = 6, 40.0% in CF group; n = 7, 46.7% in AMG group).
The average eye pain score was 5.40 ± 0.82 in CF and 5.13 ± 0.99 in AMG group. All patients in both groups
had ciliary congestion, corneal edema, anterior and posterior chamber reaction more than G-1+. All pre-
operative features were statistically similar between CF and AMG groups (p > 0.05).
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Table 2
Pre-operative clinical status of the participants

Parameters Total

n (%)

CF

n (%)

AMG

n (%)

p-value

Visual acuity CF (1m)   3 (10.0) 1 (6.7) 2 (13.3) 1.00

CF (0.5m)   5 (16.7) 3 (20.0) 2 (13.3)  

HM   13 (43.3) 6 (40.0) 7 (46.7)  

PL/PR   9 (30.0) 5 (33.3) 4 (26.7)  

Corneal status Pain   5.27 ± 0.91 5.40 ± 0.82 5.13 ± 0.99 0.43

Ciliary congestion   30 (100.0) 15 (100.0) 15 (100.0) -

Corneal edema   30 (100.0) 15 (100.0) 15 (100.0) -

Ant. Chamber

reaction

(cell)

G-1+ 1 (3.3) 1 (6.7) 0 (0.0) 0.71

G-2+ 17 (56.7) 9 (60.0) 8 (53.3)  

G-3+ 12 (40.0) 5 (33.3) 7 (46.7)  

Ant. Chamber

reaction

(�are)

G-1+ 1 (3.3) 1 (6.7) 0 (0.0) 0.71

G-2+ 17 (56.7) 9 (60.0) 8 (53.3)  

G-3+ 12 (40.0) 5 (33.3) 7 (46.7)  

p-value was determined by Chi-square test or Fisher’s exact test as appropriate

Post-operative outcome of the patients
Table 3 and Fig. 1 describes and compares the surgical outcome at 180 days after operation in both groups. A
detailed result of post-operative assessments of patients at day 1, 7, 14, 21, 30, 60, 90, 120, and 180 is enlisted
in supplementary table 1.
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Table 3
Post-operative outcome of patients at day 180 after surgery

  Study subjects p-value

CF

(n = 15)

AMG

(n = 15)

Healing of corneal ulcer      

Successful 11 (73.3) 13 (86.7) 0.651

Failed 4 (26.7) 2 (13.3)  

Visual Acuity*      

Improved 0 (0.0) 7 (46.7) 0.004

Static 7 (46.7) 2 (13.3)  

Deteriorated 8 (53.3) 6 (40.0)  

Epithelialization time (days) 18.45 ± 3.53 17.76 ± 3.63 0.691

Evisceration 4 (26.7) 2 (13.3) 0.651

CF: Conjunctival �ap; AMG: Amniotic membrane graft; p-value was determined by

*Compared to pre-operative status

Independent Samples t-Test and Fisher's Exact Test where appropriate

Primary outcome

Epithelization time
Epithelialization was completed in 13 patients (86.7%) of AMG and 11 patients (73.3%) of the CF group at one
month after surgery (p = 0.651). The average epithelialization time was 18.45 ± 3.53 and 17.76 ± 3.63 days,
respectively (p = 0.691). The rest of the patients had �ap failures. Hence epithelization time could not be
assessed among them.

Secondary outcomes

Visual acuity
Visual acuity started to improve on day 14 in the AMG group. At 180 days after the operation 7 patients (46.7%)
showed improvement in visual acuity. However, no patients showed improvement in visual acuity in the CF
group over 180 days after the intervention. The difference was statistically signi�cant (p = 0.004). The Kaplan-
Meyer survival analysis also showed that improvement in visual acuity was signi�cantly better in the AMG
group than CF group over 180 days (p = 0.023) (Fig. 1).

Corneal ulcer healing
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The ulcer healed successfully in 11 (73.3%) and 13 (86.7%) patients of CF and AMG groups, respectively (p = 
0.651). Pain improved substantially in both groups and there was no pain at 120 days after treatment.

Postoperative stability of the �ap and �ap failures
Within 30 days after surgery, 4 and 2 patients in CF and AMG groups had failed corneal �aps by displacement
and/or appearance of wrinkling. The proportion of failure was statistically similar between groups. (p = 0.651).
All the failed �aps were eviscerated.

Epithelialization time
Epithelialization time of the grafted cornea and healing of ulcers showed a statistically similar response
between both groups (p = 0.691 and p = 0.651 respectively).

Characteristics of the failed �aps
Table 4 enlists characteristics of the six patients with failed �aps. Four of them had perforation and one had a
deep ulcer. Four patients had diabetes along with trauma or chronic dacryocystitis.

Table 4
Characteristics of eyes with failed �aps

Case
no

Age Sex   Risk Factor   Causative
fungi

Type of
lesion

Transplant
type

Trauma Chronic
Dacryocystitis

Diabetes
Mellitus

1 62 Male No Yes Yes Aspergillus Perforation CF

2 35 Male Yes No No Mucor Perforation CF

3 61 Male Yes Yes No Aspergillus Perforation AMG

4 60 Male Yes No Yes Penicillium Perforation CF

5 51 Male No No Yes Fusarium Deep Ulcer CF

6 64 Female Yes No Yes Fusarium Non-
healing
keratitis

AMG

Discussion
Fungal corneal ulcers with complications often become di�cult to control with medical treatment. Most of the
times these refractory cases are amenable to therapeutic transplantation [18]. However, therapeutic corneal
transplantation (i.e., keratoplasty) with donor cornea is often not possible due to the unavailability of the latter.
Alternatives transplant tissues include conjunctival �ap and amniotic membrane graft. Conjunctival �ap (CF)
surgery is famous among surgeons for producing stable ocular surfaces and repressing in�ammation[19].
While amniotic membrane graft (AMG) was to be bene�cial adjuvant therapy for improved corneal healing and
visual acuity in fungal keratitis[14]. Our study is one of the very few that compared CF and AMG
transplantation in non-healing fungal corneal ulcers.
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We found that both CF and AMG surgery showed a statistically similar proportion of corneal healing and
epithelialization time. Pain improved substantially in both groups, with no patients feeling pain by 120 days.
However, AMG transplantation showed a signi�cantly better improvement in visual acuity than CF. Flap failure
was more common in the CF group than AMG. But the difference wasn't statistically signi�cant. Our �ndings
agree with Abdulhalim et al[20]. in terms of success rates and epithelialization time but differ in terms of visual
acuity improvement. Contrary to our results, they noted a statistically similar visual acuity improvement
between CF and AMG groups.

The effectiveness of AMG in the treatment of corneal ulcer and perforations were documented in many
previous studies. A systematic review and meta-analysis on AMG transplantation in infective keratitis reported
shortened corneal healing time and better-uncorrected distance visual acuity[14]. AMG has documented
properties against angiogenesis, in�ammation, scarring, and �brosis[21]. The non-vascular nature of AMG
matches that of the cornea and might explain the better improvements in patients' visual acuity compared to
conjunctival �aps. Many surgeons have used conjunctival �aps since Gunderson introduced the procedure in
the management of ocular surface disease in 1958[11]. It has been a benchmark surgery because of its wide-
ranging therapeutic effects, including its anti-in�ammatory and pain-relieving properties. Also, it promotes
healing by vascularization and is easily obtainable. Hence, it was widely practiced till sophisticated
technological progress led to the adoption of alternatives like penetrating keratoplasty, amniotic membrane
transplantation, and epithelial transplantation in the developed world[19]. But a limited availability of these
alternatives in the developing world leaves conjunctival �ap a better choice for non-healing keratitis. Our study
results support the use of both modalities for the healing of refractory fungal corneal ulcers. However, if minor
improvement of visual acuity is wanted, AMG appears to do better.

We found 6 cases of �ap failures during the study. Two-thirds of the failed eyes had perforations, and two-
thirds of patients had diabetes. Both of these are established factors associated with poor healing. Diabetes,
particularly if uncontrolled, causes impediments in recovery by aberrations in wound angiogenesis[22]. While
corneal perforation due to fungal keratitis makes the clearance of fungi di�cult[18]. Hence, blood sugar levels
need close monitoring and strict control in diabetic patients undergoing keratoplasty. Moreover, perforations
should be evaluated for more invasive techniques like penetrating keratoplasty, and AMG can be used as a
stoppage measure or to delay the invasive procedure.

Flap rejection or wrinkling led to the irreparable painful blind eye. We had to eviscerate those eyes. A
nontraumatic painful blind eye is one of the common indications for evisceration documented in other
studies[23]. and is performed to improve pain and maintain the cosmetic integrity of the face.

Causative fungi and risk factors of corneal ulcer among our refractory fungal corneal ulcer patients matched
previous studies. Like earlier reports, we found Fusarium and Aspergillus as predominant organisms[24].
Agricultural trauma was the most common risk factor for developing fungal corneal ulcers among our
participants, which conforms with the �ndings of Gopinath and colleagues[25]. This also explains a
predominance of male patients developing fungal corneal ulcers.

Our study had several limitations. Keeping a control group for comparison with other surgical procedures like
corneal transplants was not possible. As medical refractory fungal corneal ulcer is not much common, our
study was limited to the small number of patients. Nevertheless, this study was one of the few reports which
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compared the effectiveness of both conjunctival �ap surgery and amniotic membrane graft in a recalcitrant
fungal corneal ulcer. The result would help design future management strategies and plan large-scale studies.

Conclusion
Surgical outcomes of CF and AMG transplantation as measured by corneal ulcer healing, epithelialization time,
and reduction of pain were similar in a refractory fungal corneal ulcer. However, over a period of 6-month post-
surgery, visual acuity improved signi�cantly in the latter group. The use of AMG may have an advantage as it
preserves the conjunctiva for further required procedures. However, CF can be preferred if well-preserved and
safe AM is unavailable.
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Figure 1

Kaplan Meier survival curve comparing improvement of visual acuity among two groups over 180 days (p-
value was determined by log-rank test). 
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