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Traumatic open-globe injuries (OGIs) are a common cause of
severe vision loss in the United States.1 Among these patients,
bacterial endophthalmitis following surgical repair remains a
potential complication that can significantly worsen visual
outcomes. Perioperative and postoperative antibiotics are
routinely given to limit this risk and, in doing so, optimize
postoperative vision.2,3 There are several risk factors that

complicateOGI and increase the risk of postoperative endoph-
thalmitis, including delayed time to repair, retained intraocu-
lar foreign bodies (IOFB), and lens capsule rupture.4 Several
retrospective studies have examined different antibiotic regi-
mens that have maintained variable rates of postoperative
endophthalmitis in patients with OGI, with more recent
studies demonstrating very low rates of endophthalmitis
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Abstract Purpose To assess the various approaches to endophthalmitis prevention following
traumatic open-globe injury (OGI) repair.
Methods A research electronic data capture (REDCap) questionnaire evaluating the
usage of antibiotics and steroids in patients with OGI was distributed to program
directors of all U.S. ophthalmology residency programs using the Association of
University Professors of Ophthalmology program directors’ listserv. Completed ques-
tionnaires were analyzed for treatment patterns.
Results The REDCap questionnaire was distributed to 111 programs, with 32
residency programs responding. Two responses were excluded. Ninety percent
(27/30) of included programs used perioperative intravenous (IV) antibiotics, with
78% (21/27) of those giving one dose only. At the time of surgery, 27% (8/30) of
programs gave intravitreal antibiotics and 60% (18/30) gave subconjunctival anti-
biotics. Postoperatively, 100% (30/30) gave topical antibiotics and 97% (29/30) gave
topical steroids. Only 53% of responders discharged patients on oral antibiotics. Of the
three programs who did not use IV antibiotics, all three gave intravitreal therapy and
one also discharged patients on oral antibiotics.
Conclusion There is a large variation in practice patterns for endophthalmitis
prophylaxis among residency programs. Further investigation is needed to compare
rates of endophthalmitis between these protocols and establish a safe and minimally
burdensome standard of care.
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with 48hours of broad-spectrum antibiotics.5–7 Studies from
outside of theUnited Stateshavedemonstrated similar rates of
postoperative endophthalmitis when comparing systemic
intravenous (IV) and oral antibiotic regimens.8,9

In the United States, many OGI are repaired and followed at
hospitals with level 1 trauma centers and ophthalmology
training programs. Despite extensive literature on the epide-
miology of OGI and posttraumatic endophthalmitis, there
continues to be scant data on postrepair antibiotic protocols
and their associated endophthalmitis rates. Because of this,
there is currently no standard protocol for antibiotic manage-
ment in these patients, leaving each individual residency
program to choose its own regimens based on anecdotes,
physician experience, and the limited published data that
exist.

The purpose of this study is to gather survey data across
ophthalmology residencies in the United States regarding
the specific protocols that they employ tomaintain low rates
of endophthalmitis in uncomplicated OGI. This is the first
study to compare the variation among protocols in these
academic hospitals, with the goal of developing a safe and
effective standard of care that limits the burden placed on
these hospitals and the patients for whom they care.

Methods

An online questionnaire was developed using research elec-
tronic data capture (REDCap) software and distributed in
September 2021 to 111 ophthalmology residency programs
using the listserv of residency program directors of the Asso-
ciation of University Professors of Ophthalmology (AUPO).10

The study adhered to the tenets of the Declaration of Hel-
sinki,11 and approval was obtained from The University of
Texas Southwestern Medical Center Institutional Review
Board. A second request was sent via listserv of residency
programdirectors inDecember2021asa reminder. Finally, the
survey with the link to the questionnaire was listed in the
AUPO May 2022 Program Directors Council Update, sent to
residency program directors via email, as a currently open
AUPO facilitated survey. Responses were not anonymous. The
programs were surveyed about their preferred/primary treat-
ment regimen for OGI in adults without an IOFB. Responses
were then evaluated based on protocols for primary endoph-
thalmitis prophylaxis (perioperative IV, intraoperative intra-
vitreal, postoperative oral antibiotics) and secondary
prophylaxis (intraoperative subconjunctival, postoperative
topical antibiotics), as well as use of adjunctive steroids.

Results

Survey responses were received from representatives of 32
ophthalmology programs (response rate¼28.8%). One re-
sponse was excluded as it pertained mainly to a protocol in
pediatric patients. Another response was excluded because it
describedmultiple protocols for different approaches without
clear explanation for which patients received each protocol.
Overall, 30 responses from as many U.S. programs were
included for analysis. Twenty-seven of responding programs

(90%)were level 1 trauma centers. The average number of OGI
repairs done across programs was 60.6 annually.

Primary Endophthalmitis Prophylaxis

Perioperative Intravenous Antibiotics
Twenty-seven programs (90%) gave at least one dose of
preoperative IV antibiotics. Of these 27 programs, 21
(77.8%) gave one preoperative dose only and do not hospi-
talize patients postoperatively (►Fig. 1). Of the remaining 6
programs that hospitalized patients for postoperative IV
antibiotics, 1 (3.7%) did so for 24hours, 4 (14.8%) for
48 hours, and 1 (3.7%) for 72 hours. Of the seven different
IV regimens reported, the most frequently used was fluoro-
quinolone monotherapy by 14 of the 27 programs (51.9%)
(►Fig. 2). Six programs (22.2%) used vancomycin in combi-
nationwith either ceftazidime or cefepime (and one of those
programs added a fluoroquinolone as well).

Intraoperative Intravitreal Antibiotics
Eight of the 30 responding programs (26.7%) gave intravitreal
antibiotics at the time of surgery. Of these 8 programs, all
(100%) used ceftazidime and 7 (87.5%) added vancomycin
(►Fig. 2). Of note, all 3 programs who did not give any
perioperative IV antibiotics injected intravitreal antibiotics
at the time of surgery.

Postoperative Oral Antibiotics
Sixteen of the 30 responding programs (53.3%) discharged
patients postoperatively on oral antibiotics. Eight of these
programs (50%) used levofloxacin, 7 (38.9%) used moxiflox-
acin, and 1 (5.6%) used oral cephalexin (►Fig. 2). Interesting-
ly, among these 18 programs, 4 of them also hospitalized
patients for IV antibiotics, with 1 (5.6%) of them giving
24 hours, 2 (11.1%) giving 48 hours, and 1 (5.6%) giving
72 hours. Eleven of these programs (61.1%) gave one dose
of preoperative IV antibiotics. Only one of these programs
(5.6%) did not give IVantibiotics but they gave intraoperative
intravitreal therapy.

Overall, the most common protocols used were a single
dose of IV antibiotics with (9/30, 30.0%) and without (7/30,
23.3%) postoperative oral therapy.

Secondary Endophthalmitis Prophylaxis

Intraoperative Subconjunctival Antibiotics
Eighteen of 30 responding programs (60%) gave subconjunc-
tival antibiotics at the time of surgery. Of these 18 programs,
10 (55.6%) used cefazolin, 7 (38.9%) used ceftazidime, and 1
(5.6%) used tobramycin. Three of the programs that used
ceftazidime and one of the programs that used cefazolin also
injected subconjunctival vancomycin (22.2%).

Postoperative Topical Antibiotics
All 30 of the responding programs (100%) discharged
patients on topical antibiotics. Twenty-nine of these pro-
grams (96.7%) used moxifloxacin and 1 (3.3%) used neomy-
cin/polymyxin B/dexamethasone. Three of these programs
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(10%) also gave bacitracin/polymixin B in combination with
moxifloxacin. Most programs (73.3%) only have patients use
antibiotic drops for 1 week postoperatively, with the average
duration of topical therapy being 1.2 weeks.

Perioperative Steroids
Two programs (6.7%) utilized perioperative IV steroids,
whereas two other programs (6.7%) injected intravitreal
steroids, but no programs discharged patients home on

Fig. 1 Breakdown of use of intravenous, oral, and intravitreal antibiotics.

Fig. 2 Breakdown by antibiotic regimen for intravenous, intravitreal, and postoperative oral antibiotic use.
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adjunctive oral steroids. Ten programs (33.3%) injected sub-
conjunctival steroids and all but one program (96.7%) gave
postoperative topical steroids.

Discussion

The survey data collected from ophthalmology residencies
across the United States and compiled here demonstrate
that there is significant variation in endophthalmitis pro-
phylaxis protocols among programs, with most programs
using one dose of IV antibiotics with or without the use of
postoperative oral antibiotics. If the assumption is made
that programs are not continuing with protocols that allow
for high rates of endophthalmitis, then this highlights that,
in conjunction with early repair, there are multiple effective
antibiotic regimens maintaining low rates of endophthal-
mitis following OGI repair. The focus then must be on
comparing these various approaches to determine if the
burden they place on hospital systems and on patients is
worth any superiority in terms of efficacy. It is important to
note that the majority of responding programs in this study
(80%) did not routinely hospitalize patients for IV antibiotics
following OGI repair.

Published case series of various prophylactic antibiotic
regimens have yielded endophthalmitis rates of 0.9 to
5.6%.6,7,12–15 The lowest rate of 0.9% was achieved with use
of IV vancomycin in combination with either IV ceftazidime
or cefepime for 48 hours.6,7However, there is publishedwork
that suggests that the antibiotic itself matters more in terms
of vitreous penetration and that some oral antibiotics reach
much higher concentrations than many that are given IV. A
recent review of the available literature concluded that the
three antibiotics that, when given systemically, reach the
highest concentrations in the vitreous are meropenem, line-
zolid, and moxifloxacin, two of which are given orally.16

Two randomized control studies performed outside of the
United States have found similar rates between those treated
with IV and oral antibiotics as primary endophthalmitis
prophylaxis. One study, which looked at a total of 1,255
patients, compared a group that received 72hours of IV
vancomycin and ceftazidime with 72 hours of oral ciproflox-
acin. They found no difference between endophthalmitis
rates (2.1 vs. 2.2%, p¼0.978).9 However, the only cases of
Bacillus cereus endophthalmitis occurred in the oral therapy
group. A smaller randomized prospective study that com-
pared oral ciprofloxacin and cefuroxime therapy with a
combination of IV cefazolin and oral ciprofloxacin demon-
strated no significant difference in endophthalmitis rates
between groups (2.0 vs. 2.7%, p¼0.703).8 Of note, despite
relatively good vitreous:serum ratios for fluoroquinolones,
observed concentrations in vitreous are insufficient for
ciprofloxacin, unlike for moxifloxicin.16

Although no study has thoroughly evaluated the utility of
a single dose of specific IV antibiotics as monotherapy for
posttraumatic endophthalmitis in uncomplicated OGI,
researchers at the Kellogg Eye Institute have recently pub-
lished a large 17-year retrospective study of endophthal-
mitis rates, using their protocol that was defined as one

dose of an unspecified IV antibiotic and some patients
receiving postoperative oral treatment at discharge. The
rate of endophthalmitis in this study was found to be 2.2%,
excluding those patients that had endophthalmitis at
presentation.17

The role of intravitreal antibiotics for endophthalmitis
prophylaxis in OGI repair has not been well described and is
often reserved for OGI with high-risk characteristics.18

Abouammoh et al analyzed and compared rates of posttrau-
matic endophthalmitis before and after their protocol was
changed to include intravitreal antibiotics and found
improvements in endophthalmitis rates (3.7 vs 1.7%) that
did not reach statistical significance (p¼0.077).19

There is evidence to support the use of IV, oral, and
intravitreal antibiotics as a primary or adjunct tool in the
prevention of endophthalmitis and severe vision loss for
patients with traumatic OGI. This survey of U.S. ophthalmol-
ogy residency programs demonstrates wide variation in
practice patterns across programs and the need for a stan-
dard of care that maintains low rates of endophthalmitis
while considering the financial and social burden that hos-
pitalization places on patients and hospital systems.

Study Limitations
This study has several limitations. The response rate to the
survey was only 28.8% despite multiple reminder notifica-
tions. Importantly, therewas no assessment of actual rates of
endophthalmitis for these protocols, and therefore,
the degree towhich each program’s antibiotic protocol limits
endophthalmitis is unknown. As such, this study serves to
report practice trends and cannot compare the efficacy of
each protocol employed.

Future Directions
Future studies should randomize and compare common
protocols to properly assess superiority of treatment with
IV, oral, or intravitreal antibiotics, as well as compare the
utility of one dose of preoperative IV antibiotics with multi-
ple days of treatment. Additional work should examine the
costs of management of these patients, based on the type of
antibiotic administered and the need for hospitalization.

Conclusion

This study demonstrates the variation in practice patterns
across ophthalmology residency programs for antibiotic
protocols in patients who have undergone surgical repair
for uncomplicated OGI repair. A majority use one preopera-
tive dose of IV antibiotic(s), a variety of combinations of
intraoperative intravitreal and subconjunctival and postop-
erative oral antibiotics, and a consensus for postoperative
topical antibiotics. The range of responses highlights the
need for a randomized comparative study that aims to
establish an optimal standard of care for management of
these patients.
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