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Purpose: To investigate the safety and efficacy of green thermal laser as an adjunctive
therapy for the treatment of resistant infectious keratitis (IK) in the Delta region of Egypt.
Methods: A retrospective case series of 150 patients, within a 4 year duration, with resistant
IK, who failed to respond to specific medical treatment alone for 7 days, were included. They
all received green thermal laser photocoagulation treatment to the cornea as an adjunctive to
medical treatment.
Results: Forty-eight women and 102 men were included in this study with a mean age of
46.2 ± 7.7 years. Common risk factors associated with IK included trauma by material of
plant origin and contact lens wear. The mean duration of healing was 2.87 ± 0.7 weeks.
A single session of green thermal laser application was adequate in 138 IK cases (92%),
while 12 cases (8%) required an additional session a week later. Supplementary amniotic
membrane transplantation (AMT) was required in 26 cases (17.3%). Two patients (1.3%)
required tectonic keratoplasty for corneal perforation. The final corrected distance visual
acuity (CDVA) was counting fingers (CF) or better in 78 patients (52%). No decrease of
CDVA was reported throughout the study.
Conclusion: Green thermal laser is a safe and effective adjunctive therapy for the treatment
of resistant infectious keratitis.
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Infectious keratitis (IK) is a potentially sight-threatening condition.1,2 The reported
incidence greatly varies, according to the geographic location, ranging between
2.5–799 cases per 100,000 population/year.3–5 It has been previously recognized as
a “silent epidemic” in the developing world,6 and recently, it has been suggested to
add it to the list of neglected tropical diseases (NTD) in Ophthalmology.7 Rapid
accurate diagnosis and immediate, adequate treatment are mandatory for achieving
good clinical outcomes.8,9
IK can be caused by a wide variety of microorganisms, including bacteria,
fungi, viruses, and parasites.10,11 The evolution of drug-resistant and high virulence
organisms has become the leading cause for the occurrence of resistant IK.12 Other
causes of IK include irrational use of antimicrobial therapy, limited corneal pene
tration of some agents, toxicity from topical preservatives, corneal disorders such as
neurotrophic and exposure keratopathies, and systemic diseases such as diabetes
mellitus and immunodeficiency disorders.13,14 In such cases, complications such as
corneal melting, perforation, and endophthalmitis are more likely to occur despite
the appropriate topical antimicrobial therapy.
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These issues highlight the need for novel modalities of
adjunctive therapy to supplement the standard topical anti
microbial treatment. Such modalities, used separately or in
conjunction,
include
therapeutic
corneal
tissue
15
debridement,
amniotic membrane transplantation
(AMT),16,17 subconjunctival18 and intrastromal antimicrobial injections.18,19
Photo-Activated Chromophore for Keratitis-Corneal
Cross-Linking (PACK-CXL) has also been described,
and is based on the antimicrobial activity of the UV
light, which can directly damage the DNA and RNA of
various types of microorganisms.1,20 Furthermore, photo
activated riboflavin releases reactive oxygen species which
can directly affect the DNA and cell membranes of
organisms.21
Another recent adjuvant modality is green thermal
laser application.22 Green thermal laser has been widely
used for the management of retinal diseases. It is absorbed
by tissue pigments, with subsequent production of thermal
damage to the target tissues due to induced temperature
that rises well over 90°C.23 The use of thermal laser in
corneal pathologies, such as neovascularization, has been
described almost 50 years ago.24 A few recent studies have
already documented the efficacy of green thermal laser as
an adjunctive therapy for the management of resistant
IK.22,25
In the current study, we investigated the safety and
efficacy of adjunctive green thermal laser treatment for
cases of resistant IK.

Patients and Methods
This retrospective study was carried out at the cornea
division of the Tanta University Ophthalmology Hospital
in Tanta, Egypt, a tertiary referral center, in the center of
the delta region. The approval by the Institutional Review
Board (IRB) and Human Research Ethics Committee at
Tanta University, Faculty of Medicine, were obtained, and
the study was carried out in adherence to the tenets of the
Declaration of Helsinki. The patients’ data confidentiality
was maintained, and all patients signed an informed con
sent after a full explanation of the condition and the treat
ment options. Similarly, the nature of the procedure and its
potential complications were explained to all participants.
The medical records of patients treated at the cornea
unit were reviewed, and 150 eyes of 150 patients with
resistant infected corneal ulcers were included, during
a 4 year period, between June 1, 2016 and May 30,
2020. We considered the infectious keratitis to be
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“resistant” when no signs of improvement were seen
after applying the specific treatment, based on the culture
and sensitivity results, for 7 days. Signs of improvement
were the reduction of the density of corneal infiltration,
surrounding corneal edema, hypopyon level, and epithelial
defect.
Patients who were uncooperative, those with uncon
trolled autoimmune or collagen diseases, those with
marked corneal thinning, descemetoceles, or stromal infil
tration involving more of 50% of the corneal thickness
were excluded. Additionally, patients with non-infectious
keratitis were excluded. A routine B scan ultrasonography
was done to exclude posterior segment involvement. All
the included patients received green thermal laser to the
cornea as an adjunctive therapy following the initial 7
days, in which they received specific antimicrobial
therapy.
At presentation, a full history was taken. Any asso
ciated risk factors such as contact lens wear and corneal
trauma, especially by material of organic origin, were
noted. Systemic disease affecting the corneal condition
were noted. Detailed external ophthalmological examina
tion, and laboratory investigations were performed.
Slit-lamp examination was performed. The size of the
epithelial defect in both the horizontal and vertical mer
idians was documented (in millimeters), and averaged.
The density and depth of infiltration, the surrounding
corneal edema, anterior chamber reaction, and level of
hypopyon were also documented. Colored slit-lamp photo
graphs were captured for all cases, at baseline, and on
follow-up visits.
Patients who were receiving any form of topical anti
microbial therapy prior to presentation were asked to stop
their medications for 24 hours before corneal scraping.
Scraping was then performed, after the instillation of
a topical anesthetic agent, using either a heat-sterilized
Kimura spatula or a sterile #15, in the operating room
under sterile conditions. Epithelial debridement was not
performed. The obtained specimens were subjected to both
microscopic examination, and microbiological culture and
sensitivity testing. The microscopic examination included
fresh smear examination using potassium hydroxide
(KOH) and Gram-staining. The scrapings were inoculated
directly onto multiple culture media, such as blood agar,
chocolate agar, Sabouraud dextrose agar, thioglycollate
broth, and non-nutrient Escherichia coli agar. Suspected
contact lenses and their solutions were cultured in the
same way.
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After obtaining the specimens, treatment was pre
scribed based on the clinical suspicion. Patients with the
clinical diagnosis of bacterial corneal ulcers received topi
cal moxifloxacin hydrochloride 0.5% eye drops
(Vigamox®, Alcon Laboratories, Inc., Fort Worth, TX,
USA) every 2 hours, while those with suspected fungal
keratitis received topical fluconazole 0.2% eye drops
(Diflucan®, Pfizer Inc., New York, NY, USA) hourly.
After obtaining culture and sensitivity results, this initial
treatment regimen was modified accordingly. All patients
received supportive therapy in the form of topical cyclo
pentolate hydrochloride 1% eye drops (Cicloplejico®,
Alcon Cusi, Barcelona, Spain), preservative-free lubricat
ing eye drops, oral tetracycline, and vitamin C. Topical
anti-glaucoma eye drops were prescribed if needed, per
case.
Cases that fail to show initial improvement after one
week of specific therapy, according to culture and sensi
tivity results, were considered resistant and included in the
study. However, cases with marked corneal thinning were
excluded to avoid laser-induced corneal microperforations.
After administration of topical benoxinate hydrochlor
ide 0.4% eye drops (Benox®, EIPICO, Cairo, Egypt),
a sterile 1 mg fluorescein sodium strip (Bio Glo™, HUB
Pharmaceuticals, LLC, Rancho Cucamonga, CA, USA)
was used to stain the epithelial defect. A speculum was
used to help with opening the patients’ eyes, with frequent
instillation of topical anesthetic drops. Stained corneal
tissue was then exposed to a 532 nm frequency doubled
diode-pumped solid state green laser treatment (Visulas®
532s, Carl Zeiss Meditec AG., Jena, Germany), focused on
the anterior corneal surface. The laser parameters used
were set to a 500 μm spot size, duration of 200 millise
conds, and the power was adjusted between 900 −1200
mW. The number of shots applied differed from one
patient to another, and aimed to produce light charred
burns with small cavitations over the treated area. The
total area of epithelial defect was covered with confluent
laser burns performed in one session. All patients were
kept on the same medical treatment prescribed prior to
laser therapy. Pain medications were administered when
needed.
If a noticeable response was not obtained after 7 days,
with persistence of the epithelial defect, a second session
of laser photocoagulation was applied in the same manner,
and using the same parameters.
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All patients were checked daily during the first week
after the procedure, then every three days till healing
(complete re-epithelialization with resolution of the
inflammatory signs). After complete epithelial healing,
a weak steroid (fluorometholone 0.1%, FML®, EIPICO,
Cairo, Egypt) was added twice daily to minimize scarring.
Additional follow-up visits, up to 3 months, were sched
uled when needed.
Analyses were performed by SPSS statistics for
Windows, version 23.0 (IBM Corp., Armonk, NY).
Quantitative data were expressed as mean ± standard
deviation (SD).

Results
A total of 163 records of patients with resistant infectious
keratitis were assessed for study eligibility, of which 13
were excluded for incomplete data. The study included
150 eyes of 150 patients treated at Tanta University
Ophthalmology Hospital between June 1, 2016 and
May 30, 2020. The study included 48 women (32%) and
102 men (68%), with a mean age of 46.2 ± 7.7 years (35–
65 years). Trauma with material of organic origin (99
patients, 66%) and contact lens wear (33 patients, 22%)
were the most commonly associated risk factors. Some of
the other risk factors were uncontrolled diabetes mellitus,
exposure keratopathy, trichiasis and entropion.
All patients presented with pain and rapid drop of
vision. Out of the 150 included patients, 127 (84%) had
already received one or more topical anti-microbial agent
prior to presentation to our hospital. The mean diameter of
ulcers was 4.33 ± 1.3 mm (3.0 to 7.0 mm) in the horizontal
meridian, and 4.38 ± 0.85 mm (3.0–6.0 mm) in the vertical
meridian. A hypopyon level was present in 103 cases
(68.6%), and ranged in height between 1.0 and 4.0 mm,
with a mean of 2.36 ± 1.0 mm (Figure 1A and D).
Microbiological work-up revealed mixed bacterial and
fungal infections in 71 cases (47.3%). Pure fungal and
bacterial etiology in 44 (29.3%) and 35 (23.3%) cases,
respectively (Table 1).
The total number of laser shots applied per session (in the
162 sessions performed) ranged from 28 to 350 pulses (178 ±
66), based on the device counter, including the missed shots
due to sudden eye movements (Figure 1B, E and H). Signs of
initial improvement, in the form of gradual regression of
inflammatory signs and fading of corneal infiltrates, were
observed in 138 patients (92%) during the first week after
the procedure. Such response was not obtained in 12 cases
(8%), hence, they required an additional laser session a week
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Figure 1 3 examples of green thermal laser application for resistant infectious keratitis (IK). Case 1 (A–C) had a bacterial IK, with a 1 mm height hypopyon level. Pretreatment (A), post-laser (B), and after complete healing (C). Case 2 (D–F) had a fungal IK, with a 3 mm hypopyon level. Pre-treatment (D), immediately post-laser with
stained cornea (E), and after complete healing (F), with residual corneal opacity. Case 3 (G–I) had mixed bacterial and fungal dense central infiltration with a flat anterior
chamber (G), Post-laser (H), and after amniotic membrane transplantation (I).

later, followed by amniotic membrane transplantation (AMT).
Out of 150 participants, 26 (17.3%) required AMT (Figure 1G
and I). The indications for AMT included laser-induced cor
neal micro-perforations in 3 cases (2%), progressive corneal
thinning (over 50% of thickness) in 11 cases (7.3%), and as
a supplementary therapy in the 12 cases who received
a second “additional” laser session (8%). Tectonic corneal
grafts were required in 2 cases (1.3%) due to uncontrolled
inflammation with subsequent corneal macro-perforation.
Healing and complete re-epithelialization was achieved
in 123 cases (82%) with the laser used as the sole adjunctive
therapy (Figure 1C and F), and in 100% with the use of other
adjunctive modalities. This occurred within 2.87 ± 0.7 weeks
(2–6 weeks) following the laser application, with a majority
(77 cases, 51.3%) within the first 2 weeks (Figure 2). No
recurrences were recorded during the entire study period.
At presentation, 112 (74.6%) patients had visual acuity
of hand movement (HM), 15 (10%) patients had only light
perception (LP), while 23 (15.3%) patients had acuity
better than HM. After complete healing, 78 patients
(52%) achieved corrected distance visual acuity (CDVA)
of counting fingers (CF) or better, while 72 patients (48%)
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maintained their baseline vision. Loss of CDVA was not
reported throughout the study (Figure 3).

Discussion
Resistant infectious keratitis (IK) is one of the major
challenging conditions in Ophthalmology. Successful man
agement aims at eradication of the infectious agent, halting
disease progression, elimination of the associated ocular
inflammation, and prevention of the potential complica
tions. Recently, green thermal laser has been described as
an adjunctive therapy for the treatment of resistant IK with
promising outcomes.22 In this study, we show that adjunc
tive green laser therapy can be helpful in cases of IK, and
fasten the healing process.
Fluorescein sodium is used as a chromophore to per
mit laser absorption, and to delineate the area of epithe
lial defect. After absorption by the corneal tissue, laser
energy produces thermal damage to the infectious agent
through suppression of its cellular enzymes and destruc
tion of the cellular proteins and DNA.26 Additionally, the
induced laser burns enhance the penetration of topical
antimicrobial agents by means of the small pores created
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Table 1 Epidemiology of Microorganisms Found in Infectious
Keratitis Cases
Bacteria

Pure

Mixed

Total

Gram-positive

22

42

64 (42.7%)

Staphylococcus aureus

15

26

41 (27.3%)

Staphylococcus epidermidis

5

11

16 (10.7%)

Streptococcus pneumoniae

2

4

6 (4%)

Streptococcus viridans

0

1

1 (0.7%)

Gram-negative

13

29

42 (28%)

Pseudomonas aeruginosa

10

13

23 (15.3%)

Klebsiella pneumoniae

2

8

10 (6.7%)

Enterobacter species

1

3

4 (2.7%)

Proteus species

0

2

2 (1.3%)

Moraxella species

0

3

3 (2%)

Total

35 (23.3%)

71 (47.3%)

106 (70.7%)

Fungus

Pure

Mixed

Total

Fusarium species

17

13

30 (20%)

Aspergillus species

19

28

47 (31.3%)

Candida species

8

15

23 (15.3%)

Alternaria species

0

9

9 (6%)

Penicillium species

0

6

6 (4%)

44 (29.3%)

71 (47.3%)

115 (76.7%)

Total

in the ulcer bed and the associated necrotic tissue
debridement.22,27
Experimentally, Fromer et al reported successful out
comes after the use of adjunctive laser for treatment of
Pseudomonas keratitis in rabbits.28 In 2013, Pellegrino and

Carrasco reported excellent clinical outcomes after adjunc
tive laser application in 2 patients with refractory fungal
keratitis.25
Khater et al conducted a prospective comparative inter
ventional case series study on 20 eyes with resistant IK to
evaluate the efficacy of adjunctive laser treatment. Ten
patients were treated with laser as an adjunctive therapy.
The remaining 10 patients were considered as the control
group, and were treated with the specific antimicrobial
drugs. All patients treated with laser achieved complete
epithelial healing and resolution of stromal infiltrates
within four weeks. The overall healing duration was
shorter in the laser group than in the control group. In
the laser group, no adverse effects were detected, and
amniotic membrane transplantation (AMT) was needed
in a single patient. In contrast, four cases needed an
AMT due to thinning in the control group. They concluded
that laser photocoagulation is useful as an adjunctive treat
ment for resistant infected corneal ulcers.22
In 2016, Khater et al compared laser photocoagulation
to intrastromal voriconazole injection as adjunctive treat
ment modalities for cases of resistant mycotic corneal
ulcers. The final outcome was better in the laser group
regarding complete healing duration and complications.29
In another study, the same researcher compared the clinical
outcome of AMT combined with either laser photocoagu
lation or simple tissue debridement for the treatment of

Figure 2 Duration till complete healing and full resolution of inflammatory signs after laser application, ranging between 2–6 weeks. The majority of cases had complete
healing within the first 2 weeks (77 cases, 51.3%).
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Figure 3 Presenting and final corrected distance visual acuity (CDVA) after adjunctive laser therapy. Before starting the treatment, 127 (84.6%) cases had a CDVA of hand
movement (HM), or light perception (LP). After complete healing 78 (52%) of cases had a CDVA better than HM.

resistant fungal corneal ulcers.27 He reported superior out
come in patients who received combined laser and AMT
regarding treatment duration and visual outcome.
It is quite obvious that our results concur with the
previously published reports. However, to the best of our
knowledge, the number of cases and duration span in this
study provide more comprehensive data.
In accordance with the prevalence of outdoor and agri
cultural activities in Egypt’s Delta region, most of our
patients were males, with plant origin trauma. Fungal
etiology was isolated in 115 cases (76.7%), of which 71
cases were mixed with bacteria. That may have played
a significant role in resistance to standard medical treat
ment with subsequent need for an adjunctive therapy.
The application of an adequate number of confluent laser
burns to cover the entire epithelial defect is crucial to
achieve successful outcomes. Corneal micro-perforations
during laser treatment were reported in 3 cases (2%). This
could be attributed to laser application in the same spot, or
the inadvertent movement of the patient’s eye. Additionally,
11 cases (7.3%) developed marked corneal thinning with
descemetocele formation, mostly due to excess laser treat
ment and subsequent sloughing of necrotic tissues. AMT
was performed in 26 cases (17.3%) compared to a single
case (out of 10) in the study published by Khater et al.22
Our current study is limited by its retrospective nature.
Loss of follow-up within rural areas is very common. The
absence of a control or comparative group was
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a drawback. However, we tried to minimize any selection
bias, and we believe, the large sample is an advantage.
Comparing the treatment protocol described in this study
to medical treatment only and other adjunctive therapies is
an important tool to validate its safety and efficacy in
future prospective studies.
In conclusion, green thermal laser is a safe and effec
tive adjunctive therapy for the treatment of resistant infec
tious keratitis of fungal and/or bacterial etiologies.
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