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� ought to involve both direct antimicrobial and corneal tissue-stabilizing action, there 
is evidence to support the use of corneal collagen crosslinking (CXL) in the treatment of 
infectious keratitis. Currently, however, available research points to CXL as a salvage 
therapy, best employed to stabilize cases of severe, refractory keratitis and avoid emergency 
keratoplasty.

FIGURE 1 Severe Acanthamoeba keratitis. 
(Image courtesy of Dr. Bernfeld.)

TARGET AUDIENCE This educational activity is 
intended for ophthalmologists and ophthalmologists in 
residency or fellowship training.

LEARNING OBJECTIVES Upon completion of this 
activity, participants will be able to:

 1. Interpret the available research on corneal colla-
gen crosslinking for infectious keratitis.

 2. Explain the proposed mechanisms by which pho-
toactivated ribofl avin may work to treat corneal 
infection.

 3. Recognize medication-related risk factors for com-
mon infections and counsel patients with a chronic 
ophthalmic disease on their risk.

 4. Manage common infections more diligently to pre-
vent serious complications in patients with another 
chronic ophthalmic disease.
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A procedure with established ef-
f icacy in treating keratoconus and 
post-LASIK ectasia, CXL received 
its long-awaited approval from the US 
FDA for these indications in 2016.1 Its 
ability to enhance the biomechanical 
strength of the cornea has led research-
ers to investigate CXL for other condi-
tions where corneal tissue integrity is at 
risk, such as bullous keratopathy. Th e 
fact that photoactivated ribofl avin can 
also be used to inactivate pathogens (eg, 
in donated blood products) has suggest-
ed a possible role for CXL in treating 
corneal infection.2 

CXL for infection (which some 
researchers diff erentiate by the name 
“photo-activated chromophore for ker-

failure is higher when keratoplasty is 
performed on an actively infected and 
infl amed eye, so a treatment that may 
forestall such an emergency is worth 
considering in these cases.6 

While relatively time-consuming, 
the CXL procedure is technically 
simple. Some practitioners advocate 

atitis” or “PACK-CXL”) is thought to 
work both by direct antimicrobial action 
and by strengthening the cornea against 
melting and perforation. Photoactivated 
ribofl avin inhibits microbial replication 
and may also damage cell walls by the 
release of reactive oxygen species (See 
Box: In Vitro Antimicrobial Effi  cacy of 
CXL).2-4 In addition, crosslinks created 
within the corneal stroma enhance tis-
sue resistance to enzymatic degradation, 
the result of either bacterial proteases 
or collagenases released as part of the 
immune response.5 

Th e greatest fear with a corneal ulcer 
is perforation, a potentially devastating 
complication that may require an ur-
gent transplant. Th e likelihood of graft 
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STATEMENT OF NEED
The world of ocular viral and bacterial infection is continuously 
in fl ux: global travelers spread viruses and bacteria to new 
places; microorganisms exchange genes that affect resistance 
and virulence; and new medical procedures (eg, intravitreal 
injections) create new opportunities for ocular infection. 
For these and other reasons, diagnosis and treatment continue 
to be challenging. For example, viral infections may be mis-
diagnosed as bacterial and therefore treated incorrectly. And 
as ongoing surveillance studies confi rm, antibiotic resistance 
is increasing steadily among common ocular pathogens and 
multidrug resistance is widespread, putting old treatment 
paradigms into question.1,2 
In order to make sound, evidence-based decisions, clinicians 
must be informed of the development of new and potentially 
more accurate in-offi ce and laboratory-based techniques for 
the diagnosis of ophthalmic infection, including how to distin-
guish between viral and bacterial infections.3,4 
With respect to treatment, clinicians need to understand 
current resistance patterns, the pharmacokinetics and phar-
macodynamics of ocular antimicrobials for specifi c infectious 
threats, and the ways that newer agents—including those with 
new vehicles and those that combine antiviral and antibacte-
rial therapies—can be optimally used.5-7 Beyond approved 
therapeutic applications, an emerging body of research is 
accumulating data on the off-label use of antibiotics in bacterial 
keratitis and antimicrobial prophylaxis for ocular surgery.8,9 
Finally, managing infections caused by exotic or rare pathogens 
(fungal, amoebic, atypical) may require unfamiliar diagnostic 
and treatment modalities.10

Topics in Ocular Antiinfectives aims to address the evolving 
challenges described above, helping ophthalmologists main-
tain competencies and narrow gaps between actual and opti-
mal clinical practice by providing updated information about 
prevalence patterns and diagnostic and treatment strategies. 
As an enduring resource, this ongoing series will support physi-
cians who desire to make evidence-based antiinfective choices 
across a range of ophthalmic clinical and patient settings. 
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variations on the original technique, 
developed by researchers at the Uni-
versity of Dresden, but most studies 
of PACK-CXL have used something 
very close to the Dresden protocol.4,7 
After applying topical anesthesia and 
removing the corneal epithelium, a 
solution of 0.1% ribofl avin and 20% 
dextran is applied every few minutes 
for 30 minutes, or until its penetration 
into the anterior chamber is visible at 
the slit lamp; then, the eye is exposed 
to ultraviolet A (UVA) light (370 nm) 
for 30 minutes at an irradiance of 
3 mW/cm2, with continued ribofl a-
vin application every few minutes.8 
It should be noted that, regardless 

IN VITRO ANTIMICROBIAL EFFICACY OF CXL

In vitro research shows that combined UVA and ribofl avin can inhibit the 
growth of: 

• Staphylococcus aureus
• Methicillin-resistant S. aureus
• Staphylococcus epidermidis
• Pseudomonas aeruginosa
• Multidrug-resistant P. aeruginosa
• Drug-resistant Streptococcus pneumoniae

But there is mixed evidence for UVA and ribofl avin in eradicating: 
• Fungi (such as Candida albicans, Fusarium solani, Aspergillus fumigatus) 
• Acanthamoeba cysts and trophozoites 

Reports of adjunctive PACK-CXL in cases of infectious keratitis points to in 
vivo effi cacy against a wide range of pathogens, including fungi, protozoa, 
and viruses.3,25-29
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CORE CONCEPTS 
➤ Approved in 2016 by the US FDA 

for the treatment of keratoconus 
and post-LASIK ectasia, CXL 
has been studied for managing 
infectious keratitis.

➤ For this indication, it is often 
referred to as “photoactivated 
chromophore for keratitis” 
(PACK-CXL). 

➤ Its effi cacy is attributed to 
the combination of direct 
antimicrobial action and corneal 
stiffening.

➤ Literature reports of PACK-CXL 
are largely limited to small case 
series, with few randomized 
studies.

➤ Most have employed PACK-CXL 
as adjunctive therapy in severe 
cases that have not responded to 
conventional medical treatment.

➤ Some researchers have 
successfully used PACK-CXL as 
monotherapy for smaller, more 
superfi cial ulcers.

➤ However, cost and risk/benefi t 
profi le best position PACK-CXL 
as a second-line therapy, to 
avoid emergency keratoplasty in 
severe, refractory cases. 

➤ Future developments include 
the use of AS-OCT or confocal 
microscopy to assess infi ltrate 
depth and the evaluation of 
alternative chromophores.

of technique, PACK-CXL remains 
investigative and off -label. 

Challenges with Corneal 
Ulcers

In developed countries, most cases 
of infectious keratitis are associated 
with contact lens wear and most are 
responsive to treatment with topical an-
timicrobial drugs.9,10 Th ough pathogens 
vary seasonally and geographically even 
within the US, the majority of corneal 
infections are bacterial.11,12 And even 
though these infections are painful, 
disruptive, and may leave visually signif-
icant scars, most of the time, available 
treatments are eff ective.13 

Among the challenges in manag-
ing infectious keratitis are pathogen 
characteristics, including antimicrobial 
resistance. Th ough fortunately rare, bac-
terial keratitis resistant to commercially 
available agents may require treatment 
with a fortifi ed antibiotic such as van-
comycin.13 Even herpes simplex virus 
(HSV) infections—again, very rarely—
can prove resistant to antivirals like acy-
clovir.14 Corneal infection with atypical 
pathogens like fungi or Acanthamoeba 
are often diffi  cult to treat, both because 
of resistance to antimicrobials and be-
cause these infections often penetrate 
into deeper stromal layers (Figure 1).15,16

Identifying the pathogen(s) respon-
sible for a severe corneal ulcer in order 
to provide targeted treatment is not 
always straightforward. Corneal tissue 
samples are necessarily small relative to 
other anatomical sites, and often, culture 
results come back negative or unreliable. 
Even when culture results are defi nitive, 
they are not immediate, and most cli-
nicians will initiate empirical treatment 
of a presumed bacterial keratitis with a 
broad-spectrum antibiotic while await-
ing results from the laboratory. In some 
cases, this may mean that a patient is 
paying for two agents (eg, to cover for 
Gram-positive and -negative pathogens) 
and being exposed to added epithelial 
toxicity and irritation, when only one of 
the drops is actually necessary to treat 
the infection. 

Indeed, tolerability and adherence 
issues also complicate the management 
of infectious keratitis, especially severe 

cases. In addition to killing pathogens, 
many ophthalmic antimicrobials are 
toxic to normal epithelial cells.13 Dosing 
may be as frequent as every hour, and 
compounded agents often require refrig-
eration. For all these reasons, something 
like PACK-CXL would be desirable: a 
treatment with a lower burden of patient 
adherence, with the potential to inacti-
vate microbes in a nonspecifi c way and 
strengthen the cornea against patho-
genic and immune-related degradation. 

Research on CXL for Infection 
Most of the literature on PACK-

CXL consists of small case series, with 
only a few prospective, randomized 
studies. In 2008, Iseli and colleagues 
published a series of fi ve cases of severe 
infectious keratitis with corneal melting, 
treated with PACK-CXL after progres-
sion of infection on topical and systemic 
antimicrobial therapy.17 Four of these 
were post-LASIK interface infections 
(with Mycobacterium and fi lamentous 
fungus Acremonium) and one was related 
to contact lens wear (with Fusarium).17

Th e combination of maximal medical 
therapy and PACK-CXL stabilized 
each case so that keratoplasty (full- or 
partial-thickness) could be performed 
successfully.17

The findings of subsequent case 
series have been largely similar, with 
a trend toward a possible benefit of 
adjunctive PACK-CXL.4,7 A pilot 
study carried out by Makdoumi and 
colleagues in 2012 used PACK-CXL 
as the sole treatment modality in 16 
patients.18 All cases achieved reepitheli-
alization, though antibiotic therapy was 
initiated in two patients due to suspected 
progression of infection, and one patient 
underwent amniotic membrane trans-
plantation.18 Notably, the corneal ulcers 
in this study were relatively small (0.1 
mm to 2.5 mm in diameter).7 Another 
single case report of early fungal keratitis 
showed complete healing within days 
of PACK-CXL, without adjunctive 
antifungal agents.19 

One prospective, randomized trial 
was undertaken by Said and colleagues 
in 2014. Forty patients with infectious 
keratitis of bacterial, fungal, Acan-
thamoeba, or mixed origin with corneal 

melting were randomized to CXL and 
antimicrobial therapy (21 eyes) or an-
timicrobials alone (19 eyes).20 Neither 
average time to healing nor fi nal visual 
acuity were signifi cantly diff erent be-
tween the two groups.20 In the antimi-
crobial therapy-only group, there were 
more (but not signifi cantly more) cases 
of serious complications: three patients 
experienced corneal perforation and one 
had a recurrence of infection.7,20 

Another study, published by Kaset-
suan and colleagues in 2016, random-
ized 30 eyes with moderate to severe 
corneal infection; 15 eyes were treated 
with standard antiinfective treatment 
alone (for bacterial ulcers: fortif ied 
cefazolin 50 mg/mL and amikacin 
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20 mg/mL, instilled hourly, and for 
fungal: amphotericin B 1.0 mg/mL and 
natamycin 50 mg/mL, also instilled 
hourly), and 15 received PACK-CXL 
in addition to medical therapy.21 No-
tably, these authors did not debride the 
epithelium prior to the CXL procedure, 
reasoning that the existing epithelial 
defect was enough to permit ribofl a-
vin penetration.21 Thirty days after 
treatment, they found no signifi cant 
diff erences between the study groups 
in the size of the stromal infi ltrate or 
epithelial defect, the complication rate, 
or the best pinhole-corrected visual acu-
ity. Th ey noted that the underwhelming 
eff ect of adjunctive CXL in these cases 
could have been related to the relatively 
deep stromal location of many of the 
infi ltrates.21 

Making comparisons between these 
studies is challenging, due to diff erences 
in protocol and endpoints, but together, 
they suggest that while PACK-CXL 
is not superior to standard medical 
therapy, it could be a valuable adjuvant 
in managing severe, refractory infec-
tious keratitis associated with corneal 
melting.20,21

Penetration
Targeting infection in the deeper 

layers of the stroma is a challenge 
with PACK-CXL, as it is with topical 
antiinfective drops. While “Epi-on” 
CXL techniques remain under debate 
for managing ectasia, in the context of 
infection, most authors remove the epi-
thelium beyond the observable margins 
of the infi ltrate to enhance penetra-
tion.4 As mentioned, CXL has shown 
some effi  cacy in treating infections at 
the LASIK fl ap interface, but deeper 
infiltrates—particularly fungal—are 
problematic.4,7,17 Experimenting with 
diff erent PACK-CXL protocols, Price 
and colleagues reported a case of a 
shallow fungal infi ltrate that cleared 
within 3 days of the procedure, with 
no conventional antifungal treatment; 
on the other hand, deeper penetration 
of fungal elements (observed on con-
focal microscopy) resulted in poorer 
outcomes: clearing in the anterior 
stroma but exacerbation of the deeper 
infection.4 

Indeed, several researchers agree 
that CXL seems ill-suited to treating 
infectious ulcers with deeper corneal 
involvement, which often includes 
fungal or Acanthamoeba infections.4,7 
Interestingly, while the totality of the 
evidence suggests that CXL should be 
reserved for severe, refractory cases, 
to forestall emergency keratoplasty, it 
might truly be most eff ective in early, 
relatively superfi cial bacterial or fungal 
keratitis.7 However, such a scenario—in 
which patients would have to pay out 
of pocket for an unproven treatment, in 
cases that might just as well be managed 
by antiinfective drops—is not supported 
by the literature or the current payment 
model. 

Risks and Considerations 
Many of the short-term risks of 

PACK-CXL are the same as those that 
apply when the procedure is used for ec-
tasia. A transient ocular surface and an-
terior chamber infl ammatory response 
can be expected, as can possible haze 
and scarring.8,20,21 Some of the other 
risks of removing the epithelium (pain, 
secondary infection) can be par for the 
course with a corneal ulcer. PACK-CXL 
may also diminish the ability of topical 
medications to penetrate the cornea 
post-procedure.4 

Corneal thickness is always a con-
cern with CXL: the standard Dresden 
protocol is expected to treat to a depth 
of 250 μm to 300 μm, with a minimum 
corneal thickness of 400 μm considered 
to be a safe cutoff .4 So although PACK-
CXL may be appropriately positioned 
as a rescue therapy to stabilize corneal 
melting, it should not be used on corneas 
in imminent danger of perforation, or 
those which are so thin in spots that 
they risk UVA-mediated damage to 
the endothelium or anterior chamber.22 

It is generally agreed that CXL 
should be avoided in patients with a 
known or suspected history of HSV 
keratitis, due to the risk of triggering 
latent infection with UVA exposure.4 
However, a recent case series did re-
port on the use of PACK-CXL in two 
patients with stromal HSV keratitis 
refractory to medical therapy.23 One 
patient had a recent history of kerato-

plasty and a necrotizing, PCR-positive 
HSV ulcer near the graft-host junction; 
stromal infi ltration was decreased with-
in 5 days of PACK-CXL and complete 
resolution and reepithelialization was 
evident at 25 days post-procedure, with 
no recurrence after 7 months of follow 
up.23 Th e other patient, who also had a 
PCR-positive central HSV ulcer showed 
initial resolution in the fi rst few weeks 
after PACK-CXL; but the infection 
recurred. It was resolved with medical 
therapy and had not recurred after 4 
months of follow up.23

Finally, while essential for exam-
ining a corneal ulcer, fl uorescein dye 
should not be used immediately before 
PACK-CXL, since it competes for UVA 
absorption and may diminish the eff ect 
of photoactivated ribofl avin.4,7 

Present and Future of 
PACK-CXL

At present, PACK-CXL is very 
seldom performed, especially in the US. 
Most patients with presumed infectious 
keratitis who present to a general oph-
thalmologist respond well to empirical 
antibiotic therapy, and those severe, 
high-risk, refractory cases that would 
be suitable for intervention with PACK-
CXL may be rarely seen, even by cornea 
specialists.24 

Further study in this area may help 
refi ne patient and ulcer characteristics 
(eg, pathogen involved, size and depth 
of infi ltrate) that are associated with the 
best response to this treatment. In addi-
tion to variations on the Dresden proto-
col, future developments in PACK-CXL 
may include the use of anterior-segment 
optical coherence tomography (AS-
OCT) or confocal microscopy to assess 
infi ltrate depth; a more portable CXL 
device that could be used in-offi  ce; or 
the exploration of chromophores other 
than ribofl avin.4 For now, it benefi ts 
US ophthalmologists and cornea spe-
cialists to be aware of the PACK-CXL 
application, know to whom they can 
refer appropriate patients if they do not 
have direct access to a CXL device, and 
continue following this area of research. 

Erica Bernfeld, MD, practices at Katzen Eye Group 
in Baltimore, MD. She states that in the past 12 
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Melissa B. Daluvoy, MD
A pre-existing chronic ocular disease can 
confound the diagnosis and management 
of common ocular infections in various 
ways. 

Microbial infection is one of the 
most common ocular surface disorders 
encountered by eye care providers. De-
pending upon the causative organism 
and the infected tissue, the infection 
may diff er markedly in clinical presen-
tation. Acute conjunctivitis in most cases 
is mild and self-limiting, for example, 
whereas infectious keratitis is frequent-
ly progressive and sight-threatening 
(Figure 1). Th e management approaches 
to common ocular infections vary widely 
as well, ranging from supportive and 
palliative care to aggressive antimicro-
bial and antiinfl ammatory therapy. 

Regardless of the type of infection, 
clinicians should be mindful that certain 
patients require extra precautions during 
management and counseling, because of 
a potentially higher risk for more serious 
outcomes. In this article, we discuss how 
an underlying chronic ocular disease, 
such as glaucoma, uveitis, or age-relat-
ed macular degeneration (AMD), may 
infl uence the result of common ocular 
surface infections and what general 
management strategies can help improve 
the diagnosis and treatment of ocular 
infections in such patient populations.

The Risk of Infection 
Contact lens wear continues to be 

the single most common predisposing 
factor for corneal infection.1 Regional 
epidemiological data from the US has 
indicated that contact lens wearers 
have a nearly 10 times higher risk for 
ulcerative keratitis compared with 
non-contact lens wearers.2 At present, 
no clinical evidence exists that infec-

tious conjunctivitis or keratitis occurs 
more frequently in patients who have 
a chronic disease such as glaucoma or 
uveitis. Th e ocular surface of these pa-
tients, however, could be predisposed to 
infection or to potentially more serious 
complications of infections as a side 
eff ect of treatment measures.

In the case of glaucoma, long-term 
exposure to preserved glaucoma med-
ications can lead to cumulative tissue 
damage and development of ocular 
surface disorders such as dry eye.3 Ben-
zalkonium chloride (BAK), the most 
common preservative found in oph-
thalmic formulations, has been found 
to destabilize the tear fi lm, reduce the 
density of goblet cells, and impair the 
corneal epithelium’s barrier function.4,5 
When the epithelial barrier function is 
disrupted, in theory, the ocular surface’s 
natural defenses against microbial inva-
sion weakens and the risk for infection 
increases. 

For patients with noninfectious 
uveitis, locally administered corticoste-
roids are the mainstay of therapy. With 
prolonged use, however, these highly 
eff ective antiinfl ammatory agents can 
cause serious side eff ects, including in-
creased susceptibility to serious bacterial 
infections and exacerbation of existing 
infections.6,7 In addition, corticosteroids 
are known to suppress host immune 
responses. Patients with long-term cor-
ticosteroid therapy are therefore prone to 
certain opportunistic infections that are 
otherwise rare, such as fungal or atypical 
mycobacterial infections.8,9 

Infl ammation vs. Infection
Corneal infection and anterior uve-

itis, two common causes of red eye, can 
be very similar in their manifestations: 
pain, photophobia, injection, discharge, 
diminished vision, and, in severe cases, 
hypopyon. When a patient presents with 

such symptoms and signs, my fi rst step 
in the diagnostic process is to determine 
the nature of the underlying etiology: is 
it infl ammatory or infectious?

Even if the patient has had previous 
episodes of uveitis, one cannot automat-

Common Infections in 
the Presence of Chronic 
Ophthalmic Disease

CORE CONCEPTS 
➤ Patients with a chronic 

ophthalmic disease such as 
glaucoma and uveitis may 
be at increased risk for 
common infections due to 
chronic medication exposure, 
although clinical evidence 
that these patients develop 
infections more frequently 
than unaffected populations 
is lacking.

➤ Long-term use of topical 
glaucoma medications has 
the potential to cause cell 
and tissue damage to the 
ocular surface and impair 
the eye’s natural defense 
mechanisms against microbial 
infection.

➤ Corticosteroids can suppress 
the host immune response 
and thus enhance existing 
infection or the risk of 
secondary opportunistic 
infections, especially with 
long-term use. In patients 
with a history of uveitis, 
the possibility of microbial 
infection should be ruled 
out before continuing or 
restarting corticosteroid 
therapy. 

➤ With diminished vision 
from AMD, patients might 
present late with vision-
impairing infection and thus 
have a reduced chance of a 
favorable outcome. Those 
who receive intravitreal 
injections are at risk for rare 
but potentially devastating 
intraocular infections.

➤ Appropriate management 
of common ocular infections 
in populations affected 
by chronic ocular diseases 
require a higher degree of 
caution and diligence.
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ically assume an infl ammatory fl are-up 
is occurring in our hypothetical patient. 
Rather, attempts should be made to 
rule out microbial infection fi rst based 
on a comprehensive history, a thorough 
ocular examination, and culture of any 
suspicious lesion. In cases where defi n-
itive diagnosis proves too diffi  cult, it is 
best to err on the side of caution—thus, 
prior to or in conjunction with initiation 
of anti-infl ammatory therapy, use an 
antibiotic with coverage for potential 
infecting organisms.

In the US, the most common 
pathogenic organisms identif ied in 
microbial keratitis are Staphylococci, 
followed by Pseudomonas species and 
other gram-negative rods.1 Other less 
frequent pathogens include fi lamentous 
fungi (eg, Fusarium and Aspergillus) and 
Acanthamoeba, which are usually associ-
ated with trauma and contact lens wear, 
respectively. If the patient suspected of 
having a corneal infection is receiving 
chronic corticosteroid therapy, then 
atypical pathogens such as fungi and 
atypical mycobacteria should always 

be considered. Unlike common bacte-
rial keratitis, which tends to progress 
quickly, atypical mycobacterial and 
fungal infections are more likely to have 
an indolent course. When questioned, 
those aff ected often have a longer history 
of a red, irritated eye.

Treatment Considerations
With an underlying chronic ocular 

disease, the potential consequences 
of ocular surface infections may be 
more serious. For glaucoma patients 
who have had trabeculectomy surgery 
or drainage implantation, the risk for 
blebitis (Figure 2) and endophthalmitis 
increases with bacterial conjunctivitis or 
blepharitis.10,11 Similar to patients with 
AMD, advanced glaucoma patients 
might not seek eye care until the infec-
tion becomes severe; because their vision 
is often diminished at baseline, these 
patients might not notice visual signs 
and symptoms as quickly. Th e ensuing 
delays in diagnosis and initiation of 
therapy could result in a poorer prog-
nosis. Given the relatively high stakes 
in these situations, it is important to 
manage diligently and treat aggressively 
to get any surface infection under control 
as quickly as possible. 

In the uveitis population, long-term 
use of corticosteroids is commonplace. 
If patients are undergoing chronic cor-
ticosteroid therapy, clinicians will fi nd 
themselves performing a balancing act 
to treat an infection without aggravating 
the intraocular inf lammation: when 
lowering the corticosteroid dose, they 
need to be careful not to trigger a fl are; 
before ramping the dose back up, they 
must make sure the infection is well 
under control. 

Patient Counseling
Clinicians should emphasize to 

patients with a chronic ocular disease 
the need to be evaluated should any 
symptoms of infection occur. Glaucoma 
patients with a fi ltering bleb from trabe-
culectomy surgery or aqueous shunt, in 
particular, should be told that a red eye is 
not something to ignore; seemingly mi-
nor symptoms such as redness, irritation, 
and watery discharge could be signs of 
an urgent condition that requires care 

in a timely manner. Th e same applies 
to patients with uveitis: they should be 
made aware of the fact that a painful 
red eye can arise sometimes from an 
infl ammatory fl are-up and other times 
from an infection, and that the latter 
could be worsened and prolonged by 
employment of corticosteroids. I usually 
tell my patients “If you feel the need to 
increase or restart a steroid, you should 
be seen by an ophthalmologist.” 

Macular degeneration by itself does 
not increase a patient’s risk for infection. 
But those who are getting periodic in-
travitreal injections with an anti-VEGF 
agent should be counseled about the 
(albeit rare) possibility and signs of 
infection. Each intravitreal injection is 
associated with about a 0.05% risk of 
infectious endophthalmitis.12 Th ough 
it rarely occurs, such an intraocular 
infection can have devastating visual 
consequences.
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FIGURE 1 Bacterial keratitis with dense 
ulcer and infi ltrate. (Image courtesy of Dr. 
Daluvoy.)

FIGURE 2 Blebitis with conjunctival 
hyperemia and mucopurulent infi ltrate 
within localized, thin-walled bleb. (Image 
courtesy of Dr. Daluvoy.)
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 1. Randomized studies of PACK-CXL 
and conventional antimicrobials 
have found:
 A. Significantly better visual acuity 

with PACK-CXL 
 B. No significant difference in final 

visual acuity with PACK-CXL
 C. Significantly higher complication 

rate with PACK-CXL
 D. Significantly faster time to 

healing with antimicrobials 

 2. When patients receiving chronic 
corticosteroid therapy for uveitis 
present with a painful red eye, which 
of the following actions is NOT 
recommended by Dr. Daluvoy? 
 A. Increase corticosteroid dose 

immediately
 B. Decrease corticosteroid dose in 

cases of microbial infection 
 C. Initiate antibiotic therapy with 

suspected microbial infection 
 D. Obtain culture of any suspicious 

surface lesion

 3. Which of the following statements 
is correct about common ocular 
infections in patients with a chronic 
ophthalmic disease?
 A. Microbial infections occur more 

frequently in patients with 
glaucoma or uveitis

 B. Corticosteroids may mask or 
aggravate existing bacterial 
infections in uveitis patients 

 C. Blepharitis or conjunctivitis 
may spread to cause blebitis in 
glaucoma patients  

 D. Both B and C

 4. According to Dr. Daluvoy, which of 
the following changes may exist as 
a potential risk factor for microbial 
infection in patients receiving long-
term glaucoma medications?
 A. Tear film instability
 B. Corneal epithelial barrier 

disruption
 C. Corneal endothelial dysfunction 
 D. Lower IOP

 5. The most common group of 
microbes responsible for infectious 
keratitis is:
 A. Staphylococci
 B. Acanthamoeba
 C. Fusarium
 D. Atypical mycobacteria

 6. Most studies of PACK-CXL have 
followed the Dresden protocol by 
doing which of the following?
 A. Administering a topical 

corticosteroid every 3 minutes
 B. Injecting riboflavin into the 

anterior chamber 
 C. Removing the corneal epithelium
 D. Administering antibiotics every 

hour

 7. Which of the following is true about 
PACK-CXL?
 A. Fluorescein dye enhances its 

potency
 B. It is most effective in deep 

stromal fungal keratitis
 C. The procedure is approved by the 

US FDA
 D. None of the above

 8. Infectious keratitis is most 
frequently associated with:
 A. Long-term use of glaucoma 

medications
 B. Intravitreal injections
 C. Corticosteroid therapy
 D. Contact lens wear

 9. PACK-CXL should not generally 
be performed in: 
 A. Patients with reduced corneal 

thickness 
 B. Patients with a history of HSV 

keratitis
 C. Patients already on topical 

antimicrobial therapy
 D. A and B

 10. Limitations of PACK-CXL include: 
 A.  Treatment depth of roughly 

250 μm to 300 μm
 B.  High risk of retinal damage by 

UVB light
 C.  Likely to cause corneal melting
 D. May be inactivated by topical 

antimicrobials
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