
Topics in ocular anTiinfecTives 1To obtain CME credit for this activity, go to http://cme.ufl .edu/ocular

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. list three clinical situations in which photochemical 
therapy may be of benefi t.

2. list four factors that may increase a patient’s risk of 
infection after an open globe injury.

3. take preventative measures, including prompt wound 
closure and early use of systemic and topical antibiotics, 
to reduce the risk of posttraumatic endophthalmitis.
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corneal collagen 
crosslinking for infection
Karim Makdoumi, MD, PhD

Sometimes diff icult to treat, infectious 
keratitis can cause loss of vision or even 
of the eye itself. Photochemical therapy, 
a new application of corneal collagen 
crosslinking (CXL), holds the promise of 
improving the treatment of recalcitrant 
corneal infections, regardless of their cause.

Although most infectious keratitis 
can be successfully managed with anti-
microbial medications, severe complica-
tions—including stromal melting and 
endophthalmitis—sometimes occur. 
Th ere is also a growing concern over the 
increasing prevalence of antibiotic-resis-
tant bacteria, which threaten to reduce 
the effi  cacy of our current antimicrobial 
medications. Th us, as good as our cur-
rent antimicrobial armamentarium has 
become, additional means of managing 
corneal infection are needed.

One such means is the use of CXL 
to treat microbial keratitis. (Editor’s note:
CXL is not FDA approved for this [or 

any other] indication in the US.) Al-
though still under investigation, CXL 
shows promise as an adjunctive therapy 
in the tr eatment of refractory ocular 
infections, including those caused by 
antibiotic-resistant bacteria and by non-
bacterial microorganisms (eg, fungi, 
mycobacteria, and protozoans) for which 
we currently have only a limited range 
of eff ective medications. CXL may also 
be benefi cial in the control of infection-
induced stromal melting.

mechanism of action
CXL was fi rst developed as a treat-

ment for keratoconus and other corneal 
ectasias.1 Th e procedure uses ribofl avin 
and ultraviolet A (UVA) irradiation to 
generate reactive chemical species that 
create crosslinks within the collagen 
fi brils that comprise much of the corneal 
stroma. Th is produces strengthening 
and stiffening of the corneal fibers, 
making the cornea more resistant to 
deformation under pressure.

Corneal infections can be associated 

with melting of the stromal tissue, and 
collagen crosslinking can arrest melting, 
making it directly useful in the treat-

FiGure 1 a. Bacterial keratitis following corneal 
transplant. Note the pair of infectious ulcers. 
Patient was treated with CXL following unsuccessful 
antibiotic treatment. B. Same eye as Figure 1A 
slightly less than 2 weeks post CXL.

a

B



2 Topics in ocular anTiinfecTives To obtain CME credit for this activity, go to http://cme.ufl .edu/ocular

 

statement oF neeD
Ophthalmologists face numerous challenges in optimizing 
their competencies and clinical practices in the realm of 
preventing, diagnosing, and treating ocular infections and 
their sequelae; these challenges include:
•  Th e widespread “off -label” use of topical ophthalmic anti-

biotics to prevent and treat serious and sight-threatening 
infections—given the reality that the most widely used 
topical antibiotics in ophthalmology have FDA approvals 
restricted to bacterial conjunctivitis.

•  Th e escalating levels of multi-drug resistance in common 
ocular pathogens.1

•  Th e emergence and increasing prevalence of once-atypical 
infections that may require diagnostic and treatment 
techniques relatively unfamiliar to comprehensive oph-
thalmologists.2 

•  Th e introduction of new and potentially more effi  cacious 
and/or safe ophthalmic antiinfectives.3

•  Th e introduction of new and potentially more accurate 
diagnostic techniques for ophthalmic infections.4

•  Widespread discussion over the effi  cacy and safety of novel 
or alternative delivery techniques and vehicles for prophy-
lactic ophthalmic antibiotics (including but not limited to 
intracameral injection and topical mucoadhesives).5,6

•  Increased understanding of the infl ammatory damage 
caused by ocular infections and the best ways to prevent/
alleviate infl ammation without fueling the growth of 
pathogenic organisms. 

Given the continually evolving challenges described above, 
Topics in Ocular Antiinfectives aims to help ophthalmologists 
update outdated competencies and narrow gaps between 
actual and optimal clinical practices. As an ongoing resource, 
this series will support evidence-based and rational antiinfec-
tive choices across a range of ophthalmic clinical situations. 

reFerenCes
1.  Asbell PA, Colby KA, Deng S, et al. Ocular TRUST: 

nationwide antimicrobial susceptibility patterns in ocular 
isolates. Am J Ophthalmol. 2008 Jun;145(6):951 -8.

2.  Gower EW, Keay LJ, Oechsler RA, et al. Trends in fungal 
keratitis in the United States, 2001 to 2007. Ophthalmol-
ogy. 2010 Dec;117(12):2263-7. 

3.  Colin J, Hoh HB, Easty DL, et al. Ganciclovir ophthalmic 
gel (Virgan 0.15%) in the treatment of herpes simplex 
keratitis. Cornea. 1997;16:393-9.

4.  Sambursky R, Tauber S, Schirra F, et al. Th e RPS adeno 
detector for diagnosing adenoviral conjunctivitis. Oph-
thalmology. 2006;113(10):1758-64.

5.  Akpek EK, Vittitow J, Verhoeven RS, et al. Ocular surface 
distribution and pharmacokinetics of a novel ophthalmic 
1% azithromycin formulation. J Ocul Pharmacol Th er. 
2009;25:433-9.

6.  Endophthalmitis Study Group, European Society of 
Cataract & Refractive Surgeons. Prophylaxis of postop-

erative endophthalmitis following cataract surgery: results 
of the ESCRS multicenter study and identifi cation of risk 
factors. J Cataract Refract Surg. 2007;33(6):978-88.

oFF-LaBeL use statement Th is work discusses off -
label uses of antiinfective medications.
GeneraL inFormation This CME activity is 
sponsored by the University of Florida College of Medicine 
and is supported by an unrestricted educational grant from 
Bausch + Lomb, Inc.
Directions: Select one answer to each question in the exam 
(questions 1–10) and in the evaluation (questions 11–16). 
Th e University of Florida College of Medicine designates 
this activity for a maximum of 1.0 AMA PRA Category 1 
Credit™. Th ere is no fee to participate in this activity. In order 
to receive CME credit, participants should read the report, 
and then take the posttest. A score of 80% is required to qualify 
for CME credit. Estimated time to complete the activity is 
60 minutes. On completion, tear out or photocopy the answer 
sheet and send it to:
 University of Florida CME Offi  ce
 PO Box 100233, Gainesville, FL 32610-0233
 phone: 352-733-0064 fax: 352-733-0007
Or you can take the test online at http://cme.u� .edu/ocular
System requirements for this activity are: For PC users: Win-
dows® 2000, XP, 2003 Server, or Vista; Internet Explorer® 6.0 
or newer, or Mozilla® Firefox® 2.0 or newer ( JavaScript™ 
and Java™ enabled). For Mac® users: Mac OS® X 10.4 
(Tiger®) or newer; Safari™ 3.0 or newer, Mozilla® Firefox® 
2.0 or newer; ( JavaScript™ and Java™ enabled). 
Internet connection required: Cable modem, DSL, or better.
Date oF oriGinaL reLease July 2013. Approved for 
a period of 12 months.
aCCreDitation statement Th is activity has been 
planned and implemented in accordance with the Es-
sential Areas and Policies of the Accreditation Council for 
Continuing Medical Education (ACCME) through the 
joint sponsorship of the University of Florida College of 
Medicine and Candeo Clinical/Science Communications, 
LLC. Th e University of Florida College of Medicine is 
accredited by the ACCME to provide continuing medical 
education for physicians. 
CreDit DesiGnation statement Th e University 
of Florida College of Medicine designates this educational 
activity for a maximum of 1.0 AMA PRA Category 1 Credit™. 
Physicians should only claim credit commensurate with the 
extent of their participation in the activity.

FaCuLtY anD DisCLosure statements 
Nisha Acharya, MD, MS (Faculty Advisor), is associate 
professor and director of the Ocular Infl ammatory Disease 
and Uveitis Clinic at the University of California, San Fran-
cisco. She states that in the past 12 months, she has not had a 
fi nancial relationship with any commercial organization that 

produces, markets, re-sells, or distributes healthcare goods or 
services consumed by or used on patients.
Natalie Afshari MD, FACS (Faculty Advisor), is professor 
of ophthalmology and chief of cornea and refractive surgery 
at Shiley Eye Center, University of California San Diego. She 
states that in the past 12 months, she has not had a fi nancial 
relationship with any commercial organization that produces, 
markets, re-sells, or distributes healthcare goods or services 
consumed by or used on patients.
Marguerite B. McDonald, MD, FACS (Faculty Advisor), 
is a clinical professor of ophthalmology at New York Uni-
versity, New York, NY, and an adjunct clinical professor of 
ophthalmology at Tulane University School of Medicine, 
New Orleans, LA. She states that in the past 12 months 
she has been a consultant for Abbott Medical Optics, Alcon 
Laboratories, Allergan, Bausch + Lomb, Fera Pharmaceu-
ticals, Focus Laboratories, OcuSoft, TearLab, and Topcon.
Karim Makdoumi, MD, PhD, is an ophthalmic surgeon in 
the department of ophthalmology, Örebro University Hos-
pital and also works at the Centre for Health Care Sciences, 
Örebro University Hospital. He is  affi  liated to the School 
of Health and Medical Sciences, Örebro University, Örebro, 
Sweden. He states that in the past 12 months, he has not had 
a fi nancial relationship with any commercial organization that 
produces, markets, re-sells, or distributes healthcare goods or 
services consumed by or used on patients. 
Jai G. Parekh, MD, MBA, is chief of the cornea service at St. 
Joseph’s HealthCare System and clinical associate professor 
of ophthalmology at the New York Eye & Ear Infi rmary 
in New York, NY. He serves as managing-partner at Brar-
Parekh Eye Associates. He states that in the past 12 months, 
he has not had a fi nancial relationship with any commercial 
organization that produces, markets, re-sells, or distributes 
healthcare goods or services consumed by or used on patients.
Swati J. Parekh, MD, is vice-chair of the department of oph-
thalmology at St. Joseph’s HealthCare System in Paterson, 
NJ. She is also senior associate at Brar-Parekh Eye Associates 
in Woodland Park, NJ. She states that in the past 12 months, 
she has not had a fi nancial relationship with any commercial 
organization that produces, markets, re-sells, or distributes 
healthcare goods or services consumed by or used on patients. 
DisCLaimer Participants have an implied responsibility 
to use the newly acquired information to enhance patient 
outcomes and professional development. Th e information 
presented in this activity is not meant to serve as a guideline 
for patient care. Procedures, medications, and other courses 
of diagnosis and treatment discussed or suggested in this 
activity should not be used by clinicians without evaluation 
of their patients’ conditions and possible contraindications or 
dangers in use, applicable manufacturer’s product information, 
and comparison with recommendations of other authorities.
CommerCiaL suPPorters This activity is sup-
ported by an unrestricted educational grant from Bausch 
+ Lomb, Inc.

topics in ocular antiinfectives, issue 42

ment of some infections.2,3 However, 
for treating infectious keratitis, what 
may become a more important feature 
of collagen crosslinking begins with 
the observation that the photochemical 
reactions that result in crosslinking also 
kill cells in the cornea, through induc-
tion of apoptosis, likely by reacting with 
their DNA. 

In fact, the same technique of UV 
irradiation in the presence of ribofl avin 
is used to sterilize plasma, platelets, 
and red blood cells (which have no 
DNA) prior to transfusion. Th is was the 
inspiration for a group at the Wilmer 
Institute to suggest the development of 
photochemical therapy using ribofl avin 

and UVA as a treatment for microbial 
keratitis.4 Th eir in vitro work showed 
that the photosensitization of ribofl avin 
can inhibit bacterial growth.

Complex mechanism
It is also possible that the photo-

oxidative reaction induced by CXL has 
an eff ect on the local immune response 
to the infection. Indeed, ribofl avin ex-
citation can be used  to inactivate white 
blood cells and has been proposed as a 
means to prevent transfusion-associated 
graft-versus-host disease.5 

A change in the immune response 
to infection may explain the rapid de-
crease in infl ammation and symptoms 

after CXL, which has been described in 
published reports.6 Since its mechanisms 
of action are clearly diff erent from the 
mechanisms by which antimicrobial 
drugs eliminate pathogens, it is reason-
able to suppose: 1) that photochemical 
therapy will have an additive eff ect when 
used as an adjunct to traditional therapy 
and 2) that photochemical therapy may 
be eff ective against organisms that have 
developed resistance to antibiotics.

CxL effi cacy
Case reports with diff ering numbers 

of patients and variable treatment out-
comes have been published describing 
the use of CXL in cases of severe and/
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gies) may supplant our current reliance 
on antimicrobial agents, but that day is 
not yet here.

Defi ning a role for CxL
Today, the patients who stand to 

benefi t the most from CXL are those 
with severe ulcers, stromal melting, and/
or a therapy-resistant infection. 

Use of repeated CXL applications 
has been described and could potentially 
be of value10, but more data regard-
ing the safety and timing of a second 
treatment is required, as repeated UV 
illumination might have unwanted ef-
fects on the infected tissue, including 
uncontrolled apoptosis, endothelial 
damage, or melting. 

Further refinement of the CXL 
technique to individualize it based on 

or therapy-resistant keratitis, as well as 
in the treatment of corneal melting.3,4,7-14 
We conducted a pilot study, largely 
through the efforts of my colleague 
Jes Mortensen, MD, in which CXL 
was evaluated as a primary therapy for 
keratitis with positive results6; but larger, 
randomized studies are needed to estab-
lish whether or not CXL provides better 
outcomes with fewer complications than 
traditional antibiotic therapy.

While the future of CXL as a pri-
mary treatment for corneal infection is 
at best a theoretical possibility, I believe 
that we already have enough evidence 
to consider CXL a possible adjunctive 
treatment for the management of re-
calcitrant infections that fail to resolve 
with standard treatment.

treatment Protocol
We treat infection with CXL using 

the same power settings and ribofl avin 
solution used in the “Dresden protocol” 
for treating ectasia, because the proce-
dure’s safety profi le is well established.1 
Before applying the ribofl avin solution, 
we remove the epithelium surrounding 
the ulcer with a sterile swab in order 
to facilitate diff usion of the ribofl avin 
into the ulcer and to prevent epithelial 
absorption of the UVA light. 

Diff erent microorganisms respond 
diff erently to the oxidative metabolites 
produced during CXL; thus, it is im-
perative to try to identify the causative 
pathogen by culture and careful clinical 
investigation before any treatment.

Th e timing of CXL is critical to ob-
taining the desired treatment response. 
While in most cases, CXL should be 
considered as an adjunctive therapy to 
be employed only when the infection 
continues to progress despite appropriate 
antibiotic therapy, it may be worthwhile 
to consider applying CXL early in the 
treatment cycle in those patients who 
present with corneal melting and/or 
advanced infection with high risk of 
complications.

Th at said, we need much more evi-
dence of CXL’s safety and effi  cacy before 
we can consider it a fi rst line therapy. 
Nor should we forget that antibiotics 
alone are highly eff ective in the great 
majority of cases.

risks of CxL
Careful assessment of the risks of 

CXL—and comparison of those risks to 
the risks of alternative strategies—will 
help determine the future role of photo-
chemical therapy for corneal infection. 
Among the risks to consider is that CXL 
was developed to treat ectasia in corneas 
at least 400 microns thick. A melting 
stroma might be too thin to absorb all 
the UVA before it reached the corneal 
endothelium, creating signifi cant risk of 
endothelial cell loss.

Rare cases of melting have also been 
reported as a complication of CXL for 
keratoconus. Other reported complica-
tions of CXL for keratoconus include: 
temporary corneal haze, permanent 
scars, endothelial damage, treatment 
failure, sterile infi ltrates, and herpes 
reactivation.15 Certain patients also have 
recurrent infections following CXL, and 
we do not know how long to wait before 
conducting the procedure again or how 
many times one can safely perform 
CXL. Th ese are important subjects for 
additional research.

CxL monotherapy?
At this point, CXL should be used 

only as an adjunct to antimicrobial 
agents. Even if CXL were to eliminate 
the vast majority of pathogens, some mi-
croorganisms might survive the CXL-
mediated oxidative insult. In addition, 
CXL may be less eff ective against deep 
infections due to limited stromal pen-
etration of UVA. In both cases, there 
is the risk of incomplete eradication of 
the pathogen and the possibility of re-
currence following CXL monotherapy. 

Given these facts, and the fact that 
most corneal infections respond well 
to antibiotics, it seems premature to 
recommend CXL as a primary therapy. 
Although we recently did a pilot study 
in which CXL was used without anti-
biotics, that study aimed to isolate and 
evaluate the eff ect of CXL in microbial 
keratitis6; the study included thorough 
monitoring for post-treatment infection 
and should not be considered as a recom-
mendation to implement CXL without 
the use of antimicrobial agents. In the 
future, photochemical treatment of 
microbial keratitis (and other technolo-

core concePts 
➤ Photochemical therapy 

adapts the uVa/ribofl avin 
CxL procedure used in 
treating keratoconus to 
killing pathogens and 
arresting melting in corneal 
infections.

➤ Benefi ts of photochemical 
therapy include halting 
corneal melting and reducing 
pathogen load to enable 
drugs to bring the infection 
under control.

➤ in photochemical therapy, 
care must be taken to 
avoid the limbal stem cells 
and to protect the corneal 
endothelium. 

➤ Case reports and small 
series data suggest potential 
applicability of photochemical 
therapy to a wide range of 
infectious agents, including 
fungi and protozoans.

➤ at present, photochemical 
therapy is best reserved for 
severe and refractory cases of 
infectious keratitis.

➤ Photochemical therapy for 
corneal infections is (and will 
likely remain) an adjunct to, 
rather than a replacement for, 
antimicrobial therapy.
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the pathogen involved and the severity 
of the presentation will need thorough 
investigation, but this too is a promising 
and important research topic. 

the Future of Photochemical 
therapy

Photochemical treatment of micro-
bial keratitis is highly appealing: corneal 
specialists regularly encounter advanced 
infections that are non-responsive or 
poorly responsive to current antimi-
crobial therapy, and the complications 
of those infections can be devastating. 
We clearly need additional therapies for 
managing corneal infection, and CXL 
is one of the most promising.

Photochemical therapy is also ap-
pealing because it may be more diffi  cult 
for pathogens to develop resistance to oxi-
dative stress than to antimicrobial agents.

While CXL seems very promising 
as a complement to antibiotic therapy, 
it should be practiced with caution and 
with awareness that considerably more 
study is required before CXL can be 
looked upon as a routine tool for the 
treatment of microbial keratitis. 

Karim Makdoumi, MD, PhD, is an ophthalmic 
surgeon in the department of ophthalmology, Örebro 
University Hospital and also works at the Centre for 
Health Care Sciences, Örebro University Hospital. 
He is  a�  liated to the School of Health and Medical 
Sciences, Örebro University, Örebro, Sweden. He 
states that in the past 12 months, he has not had a 
� nancial relationship with any commercial organi-
zation that produces, markets, re-sells, or distributes 
healthcare goods or services consumed by or used on 
patients. David Kellner assisted in the preparation 
of this manuscript.
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antimicrobial Management of 
Patients with ocular trauma
Swati J. Parekh, MD, and 
Jai G. Parekh, MD, MBA

Endophthalmitis can occur after any 
penetrating ocular injury. When it does, 
patient management is more complicated 
and the chances of significant vision 
loss are greatly increased. � e high risk 
and devastating impact of infection 
following an open globe injury mandates 
the immediate use of both systemic and 
topical antibiotics for prophylaxis.

Ocular trauma is a signifi cant cause 
of endophthalmitis: between 25% and 
30% of all cases of infectious endoph-
thalmitis are the result of trauma.1,2 A 
patient’s risk of developing infection 
following open globe injury varies widely 
with the nature and circumstances of 
the trauma. A recent study found that 
endoph thalmitis occurred in between 
3% and 17% of eyes with traumatic open 
globe injuries, but the infection rate 
could be much higher in certain settings, 
such as injuries that take place on a farm.3

While ocular trauma can by itself 
cause signifi cant visual loss, ocular inju-
ries that are complicated by infection are 
associated with even worse visual prog-
noses. Less than half of all patients with 
posttraumatic endophthalmitis attain a 
fi nal visual acuity of 20/400 or better.4
Furthermore, early signs of infection 
may not be obvious in severely trau-
matized eyes, and infections caused by 
virulent organisms can worsen rapidly 
despite treatment eff ort. Th e devastating 
impact of endophthalmitis following 
open-globe trauma, and the manage-
ment challenges these cases present, 
argues for immediately implementing 
measures to prevent infection, especially 
in patients at high risk for infection. 

the risk Factors
Th e presence of intraocular foreign 

bodies (IOFBs) notably increases a 
trauma patient’s risk of infection: Th e 
incidence of endophthalmitis can be as 
high as 48% in cases with an IOFB.2

Other risk factors for posttraumatic 
endophthalmitis include a dirty wound, 
rural setting of injury (due to contami-
nation by soil or other organic matter), 
lens capsule rupture, prolapse of intra-
ocular tissue, large wound size, location 
of wound, age over 50 years, and female 
gender.2 

The risk of endophthalmitis is 
also greatly increased when appropri-
ate treatment—including closure of 
an open wound—is delayed. When 
primary treatment takes place more 
than 24 hours after the injury, the risk 
of infection increases fourfold.5 One 
study has suggested that infection rates 
may increase with each hour’s delay, 
underscoring the critical importance of 
early diagnosis and treatment including 
wound repair.6

Patient evaluation
Clinical fi ndings of ocular trauma 

vary in each patient. Signs of open globe 
injury include eyelid edema, hemor-
rhagic chemosis, abnormal anterior 
chamber depth, presence of corneal 
or scleral lacerations (with or without 
uveal prolapse), intraocular hemorrhage, 
cataract, and retinal detachment. It is 
important to measure visual acuity, as 
the level of vision upon presentation is 
predictive of long-term visual outcome.7

To assess the extent of injury and 
ensure detection of an open wound, the 
initial ophthalmic evaluation should 
be performed meticulously. As globe 
rupture may not be obvious upon pre-
sentation, a high level of suspicion is 
vital. Often, the circumstance of trauma 
can provide clues to the likelihood of an 
open globe injury. High impact trauma 
caused by a car accident, for instance, is 

more likely to cause an open globe in-
jury than low impact trauma; but when 
there is a history of cataract surgery, the 
healed wound is vulnerable to rupture 
with less force than would be required 
in an unoperated eye.

Imaging techniques are often used to 
assist in the evaluation of ocular trauma. 
A plain fi lm x-ray is an economical way 
to look for IOFBs, especially if metallic 
in origin. A computed tomography scan 
can show the presence of an IOFB as 
well as the contour and integrity of the 
globe. Diagnostic ultrasound, which can 
also provide information on the status 

core concePts 
➤ endophthalmitis occurs in 3% 

to 17% of open globe trauma 
cases.

➤ risk factors for 
endophthalmitis following 
an open-globe injury include: 
a retained foreign body, 
dirty wound, rural setting, 
disruption of the crystalline 
lens, vitreous prolapse, delay 
in treatment, and age over 50 
years.

➤ Gram-positive bacteria 
are responsible for about 
75% cases of culture-
positive posttraumatic 
endophthalmitis. Bacillus 
species are an important 
cause of posttraumatic 
endophthalmitis and produce 
a particularly fulminant 
infection. 

➤ along with prompt initial 
wound closure, early systemic 
antibiotic treatment is 
considered the best approach 
to reducing endophthalmitis 
risk after an open globe 
injury.
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of intraocular structures, is useful in 
assessing open globe injuries, though 
caution must be exercised before placing 
pressure on the globe. One advantage of 
ultrasound is its sensitivity in detecting 
and localizing nonmetallic IOFBs. 

   
Pathogen Considerations

Nearly 75% of culture-positive post-
traumatic endophthalmitis cases are 
caused by Gram-positive bacteria. Spe-
cies of Bacillus, which are ubiquitous in 
nature and abundant in soil, account for 
about 20% of posttraumatic endophthal-
mitis; these organisms are often isolated 
from injuries where there has been soil 
or other organic matter contamination.2 
Causing a particularly fulminant type 
of infection—characterized by acute 
onset, severe intraocular infl ammation, 
and rapid progression leading to total 
vision loss—Bacillus spp are the most 
virulent and concerning organisms in 
posttraumatic endophthalmitis. 

Other common causative pathogens 
include Staphylococcus epidermidis and 
the various species of Streptococcus that 
are part of the normal skin fl ora and 
can easily contaminate an open globe.1 

Gram-negative bacteria such as Pseudo-
monas are found less often than Gram-
positives in traumatic endophthalmitis, 
but they often are more virulent and 
tend to cause visual loss more quickly.2 
Polymicrobial infections are common 
in posttraumatic endophthalmitis cases, 
usually caused by multiple species of 
Gram-positive bacteria.

Fungal infections occur less fre-
quently after open globe injury but 
should be suspected in injuries that 
involve plant matter. Th e fungi that most 
often cause infection following open 
globe trauma include species of Candida, 
Aspergillus, and Fusarium.2   

Open globe injury often leads to 
inoculation of organisms, but not all eyes 
with positive cultures go on to become 
infected.8 While it is routine to take 
multiple samples—from conjunctiva, 
cornea, anterior chamber, and vitre-
ous—for culture on the fi rst post-trauma 
examination, positive cultures taken at 
this time do not necessarily predict the 

development of endophthalmitis. More 
importantly, a positive culture does 
not signifi cantly change management 
decisions unless there is also clinical 
evidence of infection. 

Prophylactic treatment
Trauma patients suspected of rup-

tured globe must be handled carefully 
to prevent secondary injury and inocula-
tion of pathogens into the wound. Once 
globe rupture is confi rmed, an initial 
wound closure should be performed 
immediately. Until then, surgeons and 
other health care professionals should 
limit movement of the patient and 
manipulation of the traumatized eye as 
much as possible.

One recent study of 675 open globe 
injuries has suggested that, along with 
early surgical repair, antibiotic pro-
phylaxis may reduce the incidence of 
endophthalmitis to less than 1%.3 No 
large-scale clinical studies, however, 
have demonstrated the benefi t of pro-
phylactic antibiotics or the best route of 
administration after open globe trauma. 

Clinicians have traditionally used 
both systemic and topical antibiotics to 
prevent infection in open globe trauma. 
For systemic antibiotics to be eff ective, 
they must reach eff ective levels in the 
vitreous. Both the ocular trauma itself 
and the resulting inf lammation can 
cause disruption of the blood-retinal 
barrier, facilitating intraocular penetra-
tion of systemic antibiotics.2

Our protocol for immediate systemic 
antibiotic prophylaxis includes intrave-
nous administration of both vancomycin 
and ceftazidime for broad spectrum 
coverage against Gram-positive and 
Gram-negative organisms. Th e prophy-
lactic regimen includes one preoperative 
dose of each agent and a 48- to 72-hour 
intravenous course of both antibiotics 
(1 g vancomycin twice daily; and 1 g 
ceftazidime three times a day) during 
the patient’s hospital stay after surgery. 
Th is is followed by a switch to the oral 
route upon discharge of the patient, for 
which we usually choose a third- or 
fourth-generation fl uoroquinolone. Th e 
antibiotic therapy continues for a total of 

10 to 14 days following injury. 

topical antibiotic
We also use topical antibiotic eye 

drops, beginning immediately after 
primary wound closure. Our antibi-
otic drops of choice are third or fourth 
generation fl uoroquinolones, such as 
moxifl oxacin, gatifl oxacin, or besifl oxa-
cin, which are known for their effi  cacy, 
broad-spectrum coverage, and excellent 
tolerability. Alternatively, fortifi ed drops 
of vancomycin and ceftazidime can be 
used. 

Currently, the use of intraocular 
antibiotics is not standard practice in 
the prophylactic treatment of open 
globe trauma. Injection of intravitreal 
antibiotics may not be benefi cial in all 
open globe injuries, and whether the 
approach is as effective as systemic 
antibiotics is an open question. We do 
not routinely use intravitreal antibiotics 
but may consider injecting vancomycin 
and ceftazidime when repairing a pos-
terior scleral rupture or laceration. Our 
patients, however, do receive subcon-
junctival injections of vancomycin and 
ceftazidime at the end of wound repair. 

We determine each patient’s treat-
ment based on type and size of wound, 
patient’s general health, culture results, 
and other factors. One week of prophy-
lactic antibiotic treatment may be ad-
equate for a young patient with a simple 
corneal laceration, but for patients who 
sustain an extensive injury and are slow 
to heal, we may extend the antibiotic 
therapy past 14 days. For culture-proven 
cases of Bacillus inoculation, intravenous 
vancomycin which provides good cover-
age of aerobic Gram-positive organisms 
and is associated with less resistance, 
is recommended. If culturing an open 
wound turns up methicillin-resistant 
Staphylococcus aureus (MRSA), we will 
extend the patient’s hospital stay and 
treat with intravenous vancomycin.   

Posttraumatic endophthalmitis
Endophthalmitis can be difficult 

to detect in eyes with severe traumatic 
injury. Posttraumatic endophthalmitis 
typically occurs during the week fol-
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lowing the injury, although infections 
caused by fungi or Propionibacterium 
acnes may have a notably delayed onset.2 
One should suspect infection when 
noticing a progressive downhill course 
or worsening intraocular infl ammation 
despite treatment; this should prompt 
immediate reevaluation of the patient. 

Typical signs of early infection 
include purulent discharge, hypopyon, 
and excessive inf lammation (Figure 
1). Pain out of proportion to the injury 
may also indicate infection. Th ere may 
be systemic signs, such as fever and an 
abnormal white cell count. For patients 
with clinically evident endophthalmitis, 
immediate empirical antibiotic therapy 
is imperative, and the possibility of re-
tained IOFBs or inadequate wound clo-
sure (which may manifest as hypotony) 
must be considered.   
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 1. Which of the following 
statements is correct about 
wound culture in patients 
with open globe trauma?
A. The eye is routinely 

cultured
B. Culture results are required 

before starting treatment
C. Virtually all culture-

positive cases will develop 
endophthalmitis

D. Treatment is empirical—
culture is rarely performed

 2. CXL is contraindicated 
in corneas less than 400 
microns thick due to concern 
for possible:
A. Injury to the macula
B. Corneal edema
C. Corneal melting
D. Loss of endothelial cells

 3. In photochemical therapy, 
particular care must be taken 
to avoid irradiating the:
A. Corneal epithelium
B. Corneal endothelium
C. Aqueous humor
D. Peripheral retina

 4. Which route(s) of 
administration are 
typically used for antibiotic 
prophylaxis following open 
globe injuries?
A. Systemic antibiotics only
B. Intravitreal antibiotics only
C. Systemic antibiotics plus 

topical antibiotics 
D. Intravitreal antibiotics plus 

topical antibiotics

 5. CXL’s antimicrobial 
mechanism(s) of action 
include(s):
A. Increasing tear film 

lysozyme levels
B. Upregulating production of 

ocular surface defensins
C. Killing cells within the 

cornea by reacting with 
their DNA

D. All of the above are true

 6. Which of the following 
organisms is a particular 
concern following open 
globe trauma with soil 
contamination?
A. S. epidermidis
B. Bacillus spp
C. Pseudomonas spp
D. Streptococcus spp

 7. When applied to the 
treatment of microbial 
keratitis, CXL is used: 
A. In conjunction with 

antibiotics
B. To treat refractory 

infections
C. To control corneal melting
D. All of the above are true

 8. In which of the following 
conditions is photochemical 
therapy most appropriately 
used?
A. Refractory infectious 

keratitis
B. CMV retinitis
C. Fungal endophthalmitis
D. Sterile infiltrates

 9. Following an open globe 
injury, which antibiotic 
agent is most appropriately 
given to reduce the risk of 
endopthalmitis when wound 
culture indicates inoculation 
of Bacillus spp?
A. Vancomycin
B. Clindamycin 
C. Ceftazidime
D. Levofloxacin

 10. Risk factors for 
endophthalmitis after open 
globe trauma include:
A. Delayed wound closure
B. Injury to the crystalline 

lens
C. Age greater than 50 years
D. All of the above


