
OR I G I N A L R E S E A R C H

Combined Photoactivated Chromophore for
Infectious Keratitis-Corneal Collagen Cross-Linking
(PACK-CXL) and Therapeutic Penetrating
Keratoplasty for Resistant Bacterial Keratitis
Ashraf Bor’i 1,2, Wael M El-Haig 1,2

1Ophthalmology Department, Zagazig University, Zagazig, Sharkia, Egypt; 2Alfat’h Eye Hospital, Zagazig, Sharkia, Egypt

Correspondence: Ashraf Bor’i, Ophthalmology Department, Zagazig University, PO Box 44286, Zagazig, Sharkia, Egypt, Tel +20 1065338080,
Email ashborai@yahoo.com

Purpose: To report the results of treating resistant bacterial keratitis by corneal collagen cross-linking followed by therapeutic
penetrating keratoplasty and to compare with those of therapeutic penetrating keratoplasty alone.
Methods: Retrospective analysis of the medical records of 33 eyes of 33 patients diagnosed with resistant bacterial keratitis. Fourteen
eyes (14 patients) were treated with photoactivated chromophore for infectious keratitis corneal collagen cross-linking (PACK-CXL)
followed by therapeutic penetrating keratoplasty (TPK) (group I) and 19 eyes (19 patients) were treated by TPK alone (group II). The main
outcome measures were graft clarity and the mean best corrected visual acuity at 1, 3, 6, 12 and 18 months after penetrating keratoplasty.
Results: The mean age of the patients was 53.6 ± 1.9 years and 52.3 ± 1.8 years in group I and group II, respectively (p = 0.374), the
mean ulcer size was 49.9 ± 16.2 mm2 and 54.7.1 ± 15.1 mm2 in group I and group II, respectively (p = 0.239), the mean corneal
infiltrate size was 58.2 ± 17mm2 and 59.9 ± 15.7 mm2 in group I and group II, respectively (p = 0.384). Hypopyon was seen in 6 eyes
(41.7%) in group I and in 8 eyes (42.1%) in group II. At the last follow-up visit, 12 corneal grafts (85.7%) maintained their clarity in
group I while 13 corneal grafts (68.4%) maintained their clarity in group II (p = 0.037) and the mean best corrected visual acuity was
0.84 ± 0.63 log MAR in group I and 1.27 ± 0.81 log MAR in group II (p = 0.024). Postoperatively, one eye (7%) showed graft
reinfection in group I that was controlled medically while 5 eyes (26.3%) showed resistant graft reinfection and ended in graft
opacification in group II (p = 0.042).
Conclusion: In resistant bacterial keratitis, priming infected corneas with PACK-CXL before performing TPK improve the results in
such cases.
Keywords: resistant bacterial keratitis, therapeutic penetrating keratoplasty, PACK-CXL and graft failure

Microbial keratitis is a significant cause of visual disability in the rural areas of the developing world. Despite the
advances in the corneal diagnostic tools and the array of available antimicrobial agents and their different methods of
application, many cases show resistance.1–4

Antimicrobial resistance is usually developed due to multiple factors including the improper diagnosis, the injudicious
use of antibiotics, the presence of untreated ocular or systemic risk factors and the antibiotic resistance or toxicity.3,4 All
these factors may lead to progression of the disease with eventual severe corneal scarring, perforation or melting.2–6

Many surgical options are proposed in the context of managing refractory microbial keratitis to medical therapy, of
which TPK.7 The decision to carry out TPK in such cases is usually delayed though it was shown to be effective in
eliminating the infectious disease process. TPK is challenging intraoperatively and postoperatively but enables the
corneal surgeon to get rid of the infected cornea and in cases of corneal perforation to restore the structural integrity of
the globe by the newly transplanted graft.8–10
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Many published data have proved the effective antibacterial actions of PACK-CXL through the released reactive
oxygen species from photoactivated riboflavin that can destroy microbial nucleic acids and inhibit their replication and
the sterilizing effect of ultraviolet A irradiation to the cornea. Moreover, it increases the resistance of corneal collagen to
proteolysis by the microbial enzymes.11–15

The incidence of graft failure after TPK was reported to be about 22%, 42% and 63% at 1, 3, and 5 years,
respectively, after surgery, owing to the possible residual infection at the host bed, corneal vascularization, large graft
size, low graft endothelial cell count, corneal perforation, and postoperative shallowing of the anterior chamber or
glaucoma.16,17

In this study, we aimed at comparing the clinical outcomes of performing PACK-CXL followed by TPK to those of
TPK in managing refractory bacterial keratitis.

Patients and Methods
We retrospectively reviewed the medical records of 33 patients (33 eyes) who were diagnosed with resistant bacterial
keratitis and treated by TPK since April 2016. Two groups of patients were identified. Group I: 14 patients (14 eyes)
managed by PACK-CXL followed by TPK with the objective to enhance the clinical outcomes of TPK. Group II: 19
patients (19 eyes) treated by TPK solely. The protocol of the study was approved by the IRB of Alfat’h Eye Hospital
(Zagazig, Egypt). All the patients were operated by AB in Alfat’h Eye Hospital (Zagazig, Egypt) in accordance with
the WMA Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects and the
treatment protocol was fully discussed with all patients who then provided written consent about the procedure
and the release of their medical records.

The inclusion criteria were eyes diagnosed with resistant bacterial keratitis involving the visual axis and not
exceeding the middle third of the corneal stroma that were primarily treated with the proper topical antibiotics for two
weeks and showed no improvement or getting worse during treatment. All patients were subjected to careful history
taking, thorough ophthalmological examination including visual acuity assessment, slit-lamp biomicroscopy and dilated
fundus examination when feasible. Anterior segment optical coherence tomography (AS-OCT) was used to evaluate the
ulcer and infiltrate depth, corneal thickness and anterior chamber content and depth, and B-scan ultrasonography to
assess the posterior segment.

Patients included in this study presented with resistant infectious keratitis as evident by the duration of illness and the
multiplicity of the previously prescribed antimicrobial drugs. Corneal scrapings, obtained under topical anesthesia from
all patients 48 hours after cessation of their previous medications, were sent for microbiological examinations. Patients
with culture-proven bacterial keratitis and who fulfilled the other inclusion criteria were included.

PACK-CXLTechnique
PACK-CXL was done under topical anaesthesia. Corneal epithelium was removed in 10 mm diameter using Bard-Parker
blade No.15 with removal of necrotic tissue at the site of ulcer, corneal thickness was measured at the floor of the ulcer using
PachPen (Accutome, Inc., Malvern, Pennsylvania, USA). If the corneal thickness was more than 400 um, isotonic riboflavin
(MedioCROSS M 0.1% riboflavin, 1.1% hydroxypropyl methylcellulose (HPMC); Peschke Meditrade GmbH, Huenenberg,
Switzerland) was used and if the thickness was less than 400 um and above 350 um hypotonic riboflavin (MedioCROSS
H 0.1%; Peschke Meditrade GmbH) was used. Riboflavin was instilled topically on the cornea every 2 minutes for a duration
of 30 minutes, after that the cornea was irradiated by UVA 365 nm (3 mW/cm2, total dose of 5.4 J/cm2 for 30 minutes, and
diameter of irradiation = 10 mm) using a Phoenix UVA system (VEGA, UV EMITTER, FIRENZE, ITALY) with continuous
instillation of riboflavin every 2 minutes, finally, soft bandage contact lens was placed and the patient was discharged with
continuation of the same topical medications that were used prior to PACK-CXL. All patients were examined daily until TPK
was done. In every visit, slit-lamp biomicroscopy was done to detect re-epithelialization of the cornea, size and depth of
corneal infiltrates, AC inflammation and any complication was reported and managed.
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TPK Technique
All TPK procedures were done under general anesthesia. The donor cornea was punched out from the endothelial side
using a Barron donor punch (Katena Products, Denville, NJ) with a diameter 0.25 mm to 0.5 mm larger than that of the
recipient. The recipient cornea was trephined using a Hessburg–Barron vacuum trephine (Katena Products, Denville, NJ)
including the infected area and about 0.25 mm larger. The corneal button was then excised with curved corneal scissors.
Any pus in the anterior chamber was irrigated, and the membranes over the iris and/or lens were removed gently by
forceps if existed. After suturing the donor cornea with the main 4 interrupted 10–0 nylon sutures, 12 interrupted 10–0
nylon sutures were added. Postoperatively, all eyes received topical antibiotic eye drops that were stopped one month
after surgery and steroid eye drops that were tapered along 6 months duration. We intensified the frequency of topical
steroids in the early postoperative period after TPK, in addition to the use of cycloplegic eye drops to minimize the
possibility of postoperative inflammation and its consequences together with the same antimicrobial therapy that was
used before performing TPK. All patients were examined on the first postoperative day and every week during the first 3
months and monthly till the end of the follow-up period. At each follow-up visit, eyes were examined for manifestations
of infectious keratitis, corneal clarity, BCVA and refractive error. According to the graft status at the last follow-up visit,
graft survival was classified into clear, endothelial decompensation and appearance microbial keratitis. Statistical analysis
of preoperative and postoperative data was performed using the Student paired t-test and Chi square. Graft survival was
analyzed using the Fisher's exact test. P < 0.05 was considered statistically significant.

Results
Thirty-three eyes of 33 patients were enrolled in this study, 2 groups of patients were identified. Group I included 14 eyes
who received TPK shortly after PACK-CXL and group II included 19 eyes who received TPK alone.

Baseline Clinical Findings
There was no statistically significant difference between both groups as regards patients’ age, maximum ulcer size,
corneal infiltrate size, anterior chamber reaction, hypopyon, preoperative BCVA, thinnest pachymetry measured with AS-
OCT and causative bacterial agent (Table 1). The most commonly encountered causative bacterial agents were
Pseudomonas aeruginosa (4 eyes) (28.6%) followed by Staphylococcus aureus (3 eyes) (21.4%) in group I and were
also Pseudomonas aeruginosa (4 eyes) (21%) and Staphylococcus aureus (4 eyes) (21%) in group II (Table 2).

Table 1 Basic Characteristics of Patients in the Study Groups

Characteristic Group I Group II p-value

Age [y] (mean ± SD) 53.6±1.9 52.3±1.8 0.374

Maximum ulcer size (mm2) 49.9±16.2 54.7.1±15.1 0.239

Infiltration size (mm2) 58.2±17 59.9±15.7 0.384

Causative bacterial agent:

Gram [-], no. [%] 8 (57.1) 9 (47.4) 0.811
Gram [+], no. [%] 6 (42.9) 10 (52.6)

Anterior chamber reaction, no. [%] 13 (92.9) 19 (100) 0.872

Hypopyon, no. [%] 6 (42.9) 8 (42.1) 0.824

BCVA [log MAR] (mean±SD) 1.78±0.48 1.89±0.64 0.813

Pachymetry measured by AS-OCT [um] (mean ± SD) 410.9±35.46 415.5±36.82 0.480
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Results of PACK-CXL
Isotonic riboflavin was used in 7 eyes (50%) in which the thinnest pachymetry was ≥400 u and hypotonic riboflavin was
used in 7 eyes (50%) in which the corneal thickness was <400 u and ≥350 u measured with the PachPen. Complete
epithelial healing was seen in 4 eyes (28.6%) after PACK-CXL, the mean epithelial healing time was 10.25±5.36 days
(range 6–13 days). Incomplete epithelial healing was seen in 10 eyes (71.4%). After PACK-CXL, no eye showed
progression of infiltration, increase in the ulcer size or perforation. Before PACK-CXL, the mean BCVA was 1.78±0.48
log MAR (range 1.0–3.0 log MAR). After PACK-CXL and shortly before PK the mean BCVA was 1.69±0.44 log MAR
(range 1.0–2.4 log MAR).

Results of Penetrating Keratoplasty
The mean time from PACK-CXL to PK was 8±2 days (range 7–15 days). The mean donor graft preservation time was 11
±1.8 days (range 8–14 days) in group I and was 11.76±1.6 days (range 9–14 days) in group II (p-value=0.151). The mean
graft donor age was 59±14.25 years (range 26–75 years) in group I and was 59.9±13.67 years (range 33–79 years) in
group II w (p-value=0.410). The mean graft endothelial cell count was 2389.85±176.75 cells/mm2 (range 2121–2704
cells/mm2) in group I and was 2509.76±205.48 cells/mm2 (range 2189–2903 cells/mm2) (p-value=0.082). The mean graft
diameter was 8.21±0.47 mm (range 7.5–9 mm) in group I and was 8.26±0.45 mm (range 7.5–9 mm) in group II
(p-value=0.422). The mean follow-up period after TPK was 19.43±1.39 months (range 19–23 months) in group I and was
18.88±1.45 months (range 18–22 months) in group II with no statistically significant difference between both groups
(p-value=0.060).

Eighteen months after TPK, the mean BCVA was 0.84±0.63 log MAR (range 0.2–3.0 log MAR) in group I and the
mean BCVA was 1.27±0.81 log MAR (range 0.2–3.0 log MAR) in group II. Significant improvement of the BCVA was
noticed in both groups with statistically significant improvement in the PACK-CXL TPK group when compared to the
TPK group (p = 0.024) (Figure 1).

Postoperatively, in group I, increased IOP was recorded in 4 eyes (28.6%), which was controlled medically in 2 eyes.
The other two eyes (14.3%) went into further complications and ended into graft failure. One eye (7%) showed graft
ulcer with superficial infiltration diagnosed during the second month with slit lamp biomicroscopy and documented with
AS-OCT, culture and sensitivity tests were negative and managed with fortified ceftazidime and vancomycin eye drops
with cessation of steroid eye drops. It showed complete healing after 11 days from modification of treatment.

In group II, increased IOP was recorded in 5 eyes (26.3%), 4 eyes of which were controlled medically and the fifth
eye needed surgical interference that ended into graft failure. Five eyes (26.3%) developed resistant graft ulcers despite
topical treatment diagnosed during the first 3 postoperative months and ended into opacification and graft failure
(Table 3).

Table 2 Causative Bacterial Agents in the Study Groups

Causative Agent Group I Group II p-value

Moraxella Sp., no. [%] 1 (7.1) 2 (10.5) 0.9

Enterococcus faecalis, no. [%] 1 (7.1) 1 (5.3)

Staphylococcus A, no. [%] 3 (21.4) 4 (21.1)

Klebsiella, no. [%] 1 (7.1) 2 (10.5)

Pseudomonas A, no. [%] 4 (28.6) 4 (21.1)

Proteus, no. [%] 2 (14.3) 2 (10.5)

Staphylococcus E, no. [%] 1 (7.1) 2 (10.5)

Streptococcus P, no. [%] 1 (7.1) 2 (10.5)
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Discussion
Microbial keratitis represents a clinical challenge that mandates prompt interference to avoid deleterious complications
and visual handicap. The emergence of resistant bacterial strains and the indiscriminate use of antimicrobial agents
resulted in the appearance of recalcitrant forms of keratitis with eventual anatomical and functional ocular damage.

Surgical intervention in the form of TPK is usually needed to eradicate the infection, restoration of the ocular
anatomy and regain useful vision.18,19 TPK represents about 40% of all indications of corneal grafts in some developing
countries.20 However, resorting to corneal transplantation in eyes with microbial keratitis has its inherent complications
as it has a higher incidence of graft infection, rejection or failure. Recurrent keratitis after TPK is very resistant and may
be caused by clinically undetectable residual infection in the host corneal rim and may destroy the graft with the need for
repeat graft.21–24

In light of the good results of using PACK-CXL to eliminate microbial keratitis11,14,25 a novel approach was pursued
to manage resistant bacterial keratitis, which entailed performing PACK-CXL in one session followed shortly by TPK in
order to improve the results of hot keratoplasty.

The present study was conducted on 33 eyes of 33 patients who presented with resistant bacterial keratitis. Two groups of
patients were identified, group I (14 eyes) received TPK after Pack-CXL and group II (19 eyes) received TPK alone.

The number of eyes that maintained graft clarity was significantly higher in the group of patients managed by
sequential than those treated by TPK alone (p = 0.037). In the present study, rates of graft clarity after only TPK group
(68%) were comparable to those of Chen et al (68.7%) and Ti et al (76.6%).18,26

Figure 1 Changes in the BCVA of patients in the study groups up to 18 months postoperative.

Table 3 Postoperative Findings of Patients in the Study Groups

Characteristic Group I Group II p-value

BCVA [log MAR] (mean±SD) 0.84±0.63 1.27±0.81 0.024* paired t-test

Graft infection, no. [%] 1 (7) 5 (26.3) 0.042* paired t-test

Graft failure, no. [%] 2 (14.3) 6 (31.6) 0.037* Chi square

Increased IOP, no. [%] 4 eyes (28.6) 5 eyes (26.3) 0.432 Chi square

Note: *Indicates significant difference as p is less than 0.05.
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Superior functional results were also achieved by PACK-CXL and TPK treatment when compared to those treated by
only TPK. Ten eyes (71%) in group I and 11 eyes (57.9%) in group II had BCVA better than 1.00 log MAR (p = 0.024).
BCVA more than 1.00 log MAR was reported to range from 25% to 80% in previous studies that used TPK only for
resistant bacterial keratitis. The difference in results could be attributed to the delay in performing TPK till limbal
extension of infection or operating on perforated corneal ulcers.17,20,21

The value of performing PACK-CXL before TPK was translated to lower recurrent graft infection rate in group I as
compared to group II (p 0.042). Graft reinfection rate in group II (26%) was not different from those reported in the
previous studies (7–29%) by Yalniz-Akkaya et al, Bajracharya and Gurung, and Sharma et al.19,20,22

Increased IOP was reported in 4 eyes (28.6%) in group I and in 5 eyes (26.3%) in group II which was similar to that
reported in previous studies.19,22

In group I, TPK was performed 7 days or more after PACK-CXL, this lag period was attributed to the time taken till
the corneal graft became available and also waiting for subsidence of the CXL-induced corneal inflammation. The mean
time from PACK-CXL to PK was 8±2 days (range 7–15 days).

With the current treatment regimen used in group I, only 2 eyes (14%) showed graft failure and the rest of eyes (12 eyes)
maintained their clarity at least 18 months after TPK. According to previous studies, graft failure can range from 10% to 50%
and this wide range of variability may be due to the different patients’ characteristics included in these studies. In the present
study, the higher incidence of graft survival and clarity in group I can be attributed to the effect of PACK-CXL in eradicating
infection particularly all eyes included were bacterial in etiology, and the early surgical interference before corneal perforation
or limbal spread. The effect of PACK-CXL was also maximized by using a large irradiation diameter of 10mm thus covering
the host residual corneal rim which may have harbored any bacterial colonies.

In conclusion, PACK-CXL followed by early TPK can lead to increased graft clarity, graft survival rate and reduced rate of
graft reinfection. Accordingly, combined PACK-CXL and TPK may offer a new management option in the armamentarium
combating recalcitrant bacterial keratitis. However, the study has its own limitations, being retrospective and including small
cohort of patients. A randomized clinical trial is recommended to support the results of the current work.
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