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Endophthalmitis is a rare but vision-threatening infection characterized by marked inflammation of intraocular fluids

and tissues, uncommonly seen following surgery and intravitreal injection. Antimicrobials are used worldwide in the

prophylaxis and treatment of bacterial and fungal infections of the eye and are standard treatment in the

preoperative and postoperative care of surgical patients. However, antimicrobials are reported to be overprescribed

in many parts of the world, which contributes to antimicrobial resistance (AMR). AMR complicates the prophylaxis

and treatment of endophthalmitis. 

endophthalmitis  cataract surgery prophylaxis  intracameral antibiotics  antimicrobial resistance

stewardship

1. Current Prophylactic Measures and Management
Approaches

Patients with endophthalmitis may have very unfavorable clinical outcomes in spite of prompt diagnosis and proper

therapy. This highlights the importance of prophylaxis. Endophthalmitis cannot be “prevented” but its incidence can

be reduced using various techniques. Prophylaxis includes more than the use of antibiotics; it encompasses

preoperative patient evaluation, the surgical “prep”, antisepsis, and meticulous surgical techniques in addition to

the judicious administration of antimicrobial agents. Important steps include antisepsis with topical povidone-iodine,

hand hygiene, sustaining a sterile procedure field, and a highly selective protocol for the use of pre- and

postoperative prophylactic antibiotics .

The goal of preoperative antisepsis is to minimize the pathogen load in the conjunctiva and eyelids, since ocular

flora is the most common source of infection . The use of preoperative povidone-iodine antisepsis is well

established . Povidone-iodine has broad-spectrum antimicrobial activity against bacteria, fungi, protozoa, and

viruses and has limited reported adverse effects. It is inexpensive and has a rapid onset of action, with

effectiveness starting as soon as one minute upon skin contact. It also decreases bacterial growth from the

conjunctiva without inducing antibiotic resistance, achieving a significant reduction in culture positivity rates .

The recommended povidone-iodine concentration varies. Numerous studies have supported the use of 5%

povidone-iodine on the ocular surface . The European Society of Cataract and Refractive Surgery (ESCRS)

recommends 5–10% povidone-iodine prior to cataract surgery, with an alternate of 0.05% aqueous chlorhexidine in
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case of iodine allergy or hyperthyroidism . The American Academy of Ophthalmology (AAO) also recommends

5% povidone-iodine but does not recommend chlorhexidine due to reports of corneal surface toxicity causing

irreversible keratitis .

In a RCT comparing povidone-iodine 5%, polyhexanide biguanide (PHMB) 0.02%, and chlorhexidine 0.02% in

cataract surgery, there were no significant differences between the three agents in reducing the numbers of colony-

forming units . Another RCT reported no additional efficacy with adding topical 0.5% moxifloxacin to 5%

povidone-iodine .

The prophylactic use of antibiotics perioperatively to reduce endophthalmitis remains controversial and uncertain

and varies geographically around the world. The AAO and the ESCRS have both reported that the use of

preoperative topical antibiotics is unnecessary and not cost-effective . Postoperatively, there were no differences

in prophylaxis efficacy among various classes of topical antibiotics, including gatifloxacin, ofloxacin, and

polymyxin/trimethoprim. However, topical postoperative aminoglycosides were reported to be ineffective . There

has been a trend of decreasing utilization of postoperative topical antibiotics . Techniques such as

intraoperative injections offer the benefit of assured delivery of drugs and avoidance of patient-related

complications. Patient-dependent topical administration of eye drops carries the risk of poor patient compliance,

microtrauma to eye, contamination of the bottle, and insufficient or prolonged administration of drops, which carry a

risk of AMR .

There is an increasing use of routine prophylactic intracameral antibiotics around the world . The ESCRS

published a RCT of over 16,000 patients, randomized to receive intracameral cefuroxime 1 mg/0.1 mL with or

without topical levofloxacin, and reported that intracameral cefuroxime was associated with an approximate five-

fold reduction in the rate of endophthalmitis after cataract surgery . Another RCT studied intracameral 0.5%

moxifloxacin and reported that intracameral moxifloxacin was associated with a reduced rate of endophthalmitis

. In addition, many retrospective series and prospective studies have reported benefits with intracameral

antibiotic prophylaxis in cataract surgery . Further, several meta-analyses have also

supported the use of intracameral antibiotics, highlighting a greater effectiveness of this route as a prophylactic

measure and a lack of additional benefits from topical antibiotic administration . Although intraoperative

complications such as posterior capsular rupture and vitreous loss are associated with a more than three-fold

increase in endophthalmitis, intracameral antibiotics have demonstrated marked efficacy as prophylaxis in these

complicated cases .

There are several concerns regarding these studies. Cefuroxime is a second-generation cephalosporin mainly

active against gram-positive organisms but does not provide coverage against gram-negative bacteria and is

ineffective against MRSA and enterococci. Additionally, the effectiveness of intracameral cefuroxime is time-

dependent with concentrations above the MIC only for about 5 h, which suggests a short-term benefit .

Vancomycin is very effective against gram-positive organisms, including MRSA, but less effective against common

gram-negative organisms. Intracameral vancomycin remains above the MIC for about 32 h after administration .

Moxifloxacin is a fourth-generation fluoroquinolone that has a broader spectrum against both gram-positive and
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gram-negative isolates and is able to achieve a greater concentration than the MIC for a longer time than

cefuroxime. The effectiveness of this medication is dose-dependent, and there have been reports of bacterial

resistance to moxifloxacin being overcome by administering higher, yet safely tolerable, doses .

Although intracameral antibiotics have the benefit of greater intraocular concentrations, their use is not innocuous

. Preservative-free intracameral moxifloxacin is associated with decreased corneal cell density and increased

apoptotic markers of the cornea as well as two case reports of uveitis . Intracameral cefuroxime

also seems to have a favorable safety profile, but overdoses due to compounding mistakes have been associated

with uveitis, macular and corneal edema, and toxic anterior segment syndrome, and patients with penicillin

allergies may have an anaphylactic reaction . Vancomycin use has been associated with ischemic

retinal vasculitis and hemorrhagic occlusive retinal vasculitis (HORV) .

In response to a 2021 survey from the American Society of Cataract and Refractive Surgery (ASCRS), about 66%

of respondents reported the prophylactic use of intracameral antibiotics, representing an increasing trend from

previous reports published in 2014 (50%) and 2007 (30%). Moxifloxacin was the most commonly used, as reported

by 83% of the respondents . Of those not using intracameral antibiotics, a majority responded that they would

use an affordable and approved product if one were available in the US . Currently, there is a packaged

formulation of cefuroxime approved in Europe (Aprokam , Laboratories Théa, Clermont-Ferrand, France). In the

US, there is no approved medication and no universally accepted dose of “off-label” medication, although 500 μg of

the preservative-free formulation of moxifloxacin (Vigamox , Alcon, Fort Worth, TX, USA) is widely used .

An approved, affordable product would increase utilization in the US, as has occurred in India with intracameral

moxifloxacin . Another proposed technique is to use an IOL loaded with antibiotics (moxifloxacin, gatifloxacin)

and anti-inflammatories (ketorolac). The latter would allow a sustained and extended drug release with the

challenge of avoiding a negative effect on the lens’ physical properties or on the surrounding ocular tissues 

.

Most patients only undergo cataract surgery once per eye per lifetime, so the cumulative risk of endophthalmitis

after cataract surgery is limited. However, intravitreal injections are generally performed repeatedly over a period

potentially lasting many years. This cumulative risk may be mitigated by using newer intravitreal medications with

longer durations, thus requiring fewer injections. These include newer anti-VEGF agents faricimab (Vabysmo ,

Genentech, South San Francisco, CA, USA) and high-dose aflibercept (Eylea HD , Regeneron, Tarrytown, NY,

USA); the dexamethasone delivery system (Ozurdex , Allergan, Inc., Irvine, CA, USA); and the fluocinolone

acetonide intravitreal insert (Iluvien , Alimera Sciences, Alpharetta, GA, USA) .

2. Stewardship in Ophthalmology

Antibiotic stewardship initiatives promote a collaborative, multidisciplinary approach aimed at fostering the judicious

use of antimicrobial agents. Key strategies to reduce antimicrobial resistance are described in this section and

summarized in Table 1. The primary goal is to ensure that antibiotics are prescribed correctly, including selecting
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the appropriate drug and determining the correct dosage, route, and treatment duration in relation to local

resistance patterns. Such programs have been reported to mitigate the emergence of resistant organisms and

reduce healthcare costs without compromising clinical outcomes . Stewardship programs depend on

awareness, research, policies, and targeted (rather than widespread and broad-spectrum) antibiotic use .

Table 1. Key strategies to reduce antimicrobial resistance. 

The US CDC has outlined the Core Elements of Outpatient Antibiotic Stewardship to provide a framework for

antibiotic stewardship for healthcare departments and outpatient clinicians that routinely provide antibiotic

treatment. The key elements emphasize leadership commitment, accountability, stewardship expertise, action for

policy and change, tracking, reporting, and education in acute care and long-term care settings. The CDC actively

tracks data on outpatient antibiotic prescriptions from various sources to gain insights into prescribing patterns,

identify areas requiring interventions, and gauge improvement. The most recent report indicates that, as of 2022,

97% of hospitals have successfully implemented all Core Elements . Stewardship programs have led to a
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CLINICAL STRATEGIES

Strict adherence to sterile surgical protocols.

Use of povidone-iodine as an antiseptic.

Minimizing polypharmacy when feasible.

Obtaining early culture samples in cases of clinically suspected infection.

Tailoring antibiotic therapy based on culture results and de-escalation of antibiotic regimen.

Avoiding long-term use of antimicrobials.

Reducing the prophylactic use of antimicrobials in uncomplicated procedures.

Developing specific guidelines for antimicrobial use in ophthalmic conditions to promote evidence-based
prescribing practices.

PUBLIC HEALTH STRATEGIES

Identifying region-specific bacterial susceptibility and local antimicrobial resistance patterns for ocular
infections.

Analyzing current prescription trends (from eye-care providers, primary physicians, and pharmacies) to identify
areas for intervention.

Investing in research for alternative non-antibiotics antimicrobial strategies (bacteriophages, antimicrobial
peptides, gene-targeting strategies).

Establishing antimicrobial stewardship programs.

Educating patients about the importance of completing prescribed antimicrobial courses, avoiding self-
medication, and adhering to hygiene practices to help in preventing the spread of resistant strains.

Encouraging global collaboration to implement effective antibiotic stewardship programs and combating
antimicrobial resistance worldwide.
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decrease in infections caused by drug-resistant pathogens, along with 18% fewer deaths from antibiotic resistance

overall .

Specific stewardship recommendations stipulate that the concentration of antibiotics must be greater than or equal

to the MIC and preferably the minimum bactericidal concentration at the infection site, as using lower

concentrations than the MIC90 may select for resistant organisms. Other recommendations also emphasize the

use of appropriate dosages and durations of therapy and the limiting of the use of multiple agents . Empiric

broad-spectrum treatment is useful in many situations (such as in the initial management of most patients with

endophthalmitis), but, ideally, the antibiotic regimen will be de-escalated and tailored as diagnostic culture results

become available. In empiric treatment, the option of combination therapy can be considered to improve

therapeutic efficacy or expand the range of targeted pathogens .

Antibiotic stewardship programs have been successfully implemented in various healthcare settings, but they have

not been widely adopted within ophthalmology. There are no specific guidelines for antimicrobial prescription in

ophthalmology which result in widely used treatments for minor and self-limiting conditions as well as pre- and

postsurgical prophylaxis . The principles of stewardship suggest that, ideally, antimicrobials should be used only

when medically needed to treat established infections and not for prophylaxis. However, the specific agents, doses,

durations, and clinical indications are generally undetermined in eye conditions .

The use of routine prophylactic intracameral antibiotics contradicts the principles of antibiotic stewardship . It

has been recommended not to prescribe fluoroquinolones as monotherapy since this is associated with increased

risks of selecting for resistant organisms and encouraging MRSA colonization . As a potential mitigating

factor, the high concentrations of medications instilled via intracameral administration usually exceed the MIC,

which reduces the risk of drug resistance . The use of intracameral vancomycin defies multiple CDC

recommendations to reserve the use of vancomycin for life- or organ-threatening infections, rather than for

prophylaxis . Vancomycin remains the most important agent against gram-positive organisms in patients with

established endophthalmitis, so the use of vancomycin for prophylaxis undermines its effectiveness by promoting

resistant organisms .

The ideal broad-spectrum antibiotic is yet to be established. AMR is an increasing worldwide clinical challenge.

One possible strategy involves the use of known antimicrobial agents that develop resistance less frequently due to

the specificity of their mechanism of action. One example is polymyxins, which have demonstrated efficacy against

multi-drug resistant gram-negative organisms. However, the safety and efficacy of intravitreal polymyxins remain

unestablished at this time .

When evaluating any intracameral antibiotic, one should consider a number-needed-to-treat analysis, which

represents the average number of patients who must be exposed to the antibiotic in order to “prevent” one case of

endophthalmitis. Antisepsis is clearly more cost-effective than antibiotic treatment .
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Future advancements in the field may explore the utilization of bacteriophages and antimicrobial peptides to

combat bacterial ocular infections, the integration of hydrogels in contact lenses for biofilm prevention, the

development of liposomal-lactoferrin-based eye drops to diminish pathogen presence, and the implementation of

gene-targeting strategies to address antimicrobial resistance . There is also ongoing research

exploring the potential of stem cells as adjuncts to antimicrobial treatments to aid in the repair of damaged ocular

tissues and combating septic infections .

Additionally, efforts are being made to investigate plant-based methods and natural products as potential solutions

to antimicrobial resistance. It has been proposed that naturally occurring compounds (including plant metabolites),

rather than fully synthetic molecules (such as sulfonamides, fluoroquinolones, and oxazolidinones) would be better

suited to overcome AMR . However, none of these strategies are in current widespread clinical use.

Guidelines for the judicious use of antibiotics include monitoring and providing specific feedback regarding

prescribing patterns specific to different ocular infections . Large scale surveillance for ocular infections is

important. Active surveillance programs in the United States gather country and world-wide data to track drug

resistance in ophthalmology through the Ocular Tracking Resistance in the U.S. Today (TRUST) and ARMOR

programs . Promoting such programs may aid studying the local patterns of AMR and in allowing effective

implementation of antibiotic stewardship programs both nationally and globally .

References

1. Benz, M.S.; Scott, I.U.; Flynn, H.W.; Unonius, N.; Miller, D. Endophthalmitis Isolates and Antibiotic
Sensitivities: A 6-Year Review of Culture-Proven Cases. Am. J. Ophthalmol. 2004, 137, 38–42.

2. Simina, D.S.; Ilie, L.; Costeliu, O.; Ana Cristina, G.; Liliana, M.V.; Aurelian, M.G. The Ocular
Surface Bacterial Contamination and Its Management in the Prophylaxis of Post Cataract Surgery
Endophthalmitis. Rom. J. Ophthalmol. 2021, 65, 2–9.

3. Ciulla, T.A.; Starr, M.B.; Masket, S. Bacterial Endophthalmitis Prophylaxis for Cataract Surgery.
Ophthalmology 2002, 109, 13–24.

4. Inoue, Y.; Usui, M.; Ohashi, Y.; Shiota, H.; Yamazaki, T. Preoperative Disinfection of the
Conjunctival Sac with Antibiotics and Iodine Compounds: A Prospective Randomized Multicenter
Study. Jpn. J. Ophthalmol. 2008, 52, 151–161.

5. Zaharia, A.-C.; Dumitrescu, O.-M.; Rogoz, R.-E.; Dimirache, A.E.; Zemba, M. Preoperative
Antisepsis in Ophthalmic Surgery (A Review). Rom. J. Ophthalmol. 2021, 65, 120–124.

6. Wu, P.-C.; Li, M.; Chang, S.-J.; Teng, M.-C.; Yow, S.-G.; Shin, S.-J.; Kuo, H.-K. Risk of
Endophthalmitis After Cataract Surgery Using Different Protocols for Povidone– Iodine
Preoperative Disinfection. J. Ocul. Pharmacol. Ther. 2006, 22, 54–61.

[77][78][79][80][81][82]

[83]

[84][85]

[63][65][69]

[71][86]

[65][87]



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 7/13

7. Barry, P.; Cordoves, L.; Gardner, S. ESCRS Guidelines for Prevention and Treatment of
Endophthalmitis Following Cataract Surgery: Data, Dilemmas and Conclusions; ESCRS: London,
UK, 2018.

8. Carrim, Z.I.; Mackie, G.; Gallacher, G.; Wykes, W.N. The Efficacy of 5% Povidone-Iodine for 3
Minutes Prior to Cataract Surgery. Eur. J. Ophthalmol. 2009, 19, 560–564.

9. Steinsapir, K.D.; Woodward, J.A. Chlorhexidine Keratitis: Safety of Chlorhexidine as a Facial
Antiseptic. Dermatol. Surg. 2017, 43, 1–6.

10. Miller, K.M.; Oetting, T.A.; Tweeten, J.P.; Carter, K.; Lee, B.S.; Lin, S.; Nanji, A.A.; Shorstein, N.H.;
Musch, D.C. Cataract in the Adult Eye Preferred Practice Pattern®. Ophthalmology 2022, 129,
P1–P126.

11. Peyman, A.; Hosseini, M.; Narimani, T. Comparison of the Effects of Povidone-Iodine 5%,
Polyhexamethylene Biguanide, and Chlorhexidine as a Preoperative Antiseptic in Endophthalmitis
Prophylaxis in Patients Undergoing Phacoemulsification Cataract Surgery. Adv. Biomed. Res.
2020, 9, 15.

12. Halachimi-Eyal, O.; Lang, Y.; Keness, Y.; Miron, D. Preoperative Topical Moxifloxacin 0.5% and
Povidone–Iodine 5.0% versus Povidone–Iodine 5.0% Alone to Reduce Bacterial Colonization in
the Conjunctival Sac. J. Cataract Refract. Surg. 2009, 35, 2109–2114.

13. Felfeli, T.; Miranda, R.N.; Kaur, J.; Chan, C.C.; Naimark, D.M.J. Cost-Effectiveness of
Preoperative Topical Antibiotic Prophylaxis for Endophthalmitis Following Cataract Surgery. Am. J.
Ophthalmol. 2023, 247, 152–160.

14. Herrinton, L.J.; Shorstein, N.H.; Paschal, J.F.; Liu, L.; Contreras, R.; Winthrop, K.L.; Chang, W.J.;
Melles, R.B.; Fong, D.S. Comparative Effectiveness of Antibiotic Prophylaxis in Cataract Surgery.
Ophthalmology 2016, 123, 287–294.

15. Shorstein, N.H.; Myers, W.G. Drop-Free Approaches for Cataract Surgery. Curr. Opin.
Ophthalmol. 2020, 31, 67–73.

16. Assil, K.K.; Greenwood, M.D.; Gibson, A.; Vantipalli, S.; Metzinger, J.L.; Goldstein, M.H. Dropless
Cataract Surgery: Modernizing Perioperative Medical Therapy to Improve Outcomes and Patient
Satisfaction. Curr. Opin. Ophthalmol. 2021, 32, S1–S12.

17. Lindstrom, R.; Galloway, M.; Grzybowski, A.; Liegner, J. Dropless Cataract Surgery: An Overview.
Curr. Pharm. Des. 2017, 23, 558–564.

18. Chang, D.F.; Rhee, D.J. Antibiotic Prophylaxis of Postoperative Endophthalmitis after Cataract
Surgery: Results of the 2021 ASCRS Member Survey. J. Cataract Refract. Surg. 2022, 48, 3–7.

19. Endophthalmitis Study Group. European Society of Cataract & Refractive Surgeons Prophylaxis
of Postoperative Endophthalmitis Following Cataract Surgery: Results of the ESCRS Multicenter



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 8/13

Study and Identification of Risk Factors. J. Cataract Refract. Surg. 2007, 33, 978–988.

20. Melega, M.V.; Alves, M.; Lira, R.P.C.; da Silva, I.C.; Ferreira, B.G.; Filho, H.L.G.A.; Chaves,
F.R.P.; Martini, A.A.F.; Freire, L.M.D.; dos Reis, R.; et al. Safety and Efficacy of Intracameral
Moxifloxacin for Prevention of Post-Cataract Endophthalmitis: Randomized Controlled Clinical
Trial. J. Cataract Refract. Surg. 2019, 45, 343–350.

21. Romero, P.; Méndez, I.; Salvat, M.; Fernández, J.; Almena, M. Intracameral Cefazolin as
Prophylaxis against Endophthalmitis in Cataract Surgery. J. Cataract Refract. Surg. 2006, 32,
438–441.

22. Matsuura, K.; Miyoshi, T.; Suto, C.; Akura, J.; Inoue, Y. Efficacy and Safety of Prophylactic
Intracameral Moxifloxacin Injection in Japan. J. Cataract Refract. Surg. 2013, 39, 1702–1706.

23. Beselga, D.; Campos, A.; Castro, M.; Fernandes, C.; Carvalheira, F.; Campos, S.; Mendes, S.;
Neves, A.; Campos, J.; Violante, L.; et al. Postcataract Surgery Endophthalmitis after Introduction
of the ESCRS Protocol: A 5-Year Study. Eur. J. Ophthalmol. 2014, 24, 516–519.

24. Haripriya, A.; Chang, D.F.; Namburar, S.; Smita, A.; Ravindran, R.D. Efficacy of Intracameral
Moxifloxacin Endophthalmitis Prophylaxis at Aravind Eye Hospital. Ophthalmology 2016, 123,
302–308.

25. Li, A.; Shao, J.; Gans, R.; Bena, J.; Goshe, J. Postoperative Endophthalmitis Before and After
Preferred Utilization of Prophylactic Intracameral Antibiotics for Phacoemulsification Cataract
Surgeries at Cole Eye Institute. Eye Contact Lens Sci. Clin. Pract. 2019, 45, 306–309.

26. Bowen, R.C.; Zhou, A.X.; Bondalapati, S.; Lawyer, T.W.; Snow, K.B.; Evans, P.R.; Bardsley, T.;
McFarland, M.; Kliethermes, M.; Shi, D.; et al. Comparative Analysis of the Safety and Efficacy of
Intracameral Cefuroxime, Moxifloxacin and Vancomycin at the End of Cataract Surgery: A Meta-
Analysis. Br. J. Ophthalmol. 2018, 102, 1268–1276.

27. de Sousa Casavechia, L.N.; Meireles, A.C.; Schapira, E.; Fernandes, R.A.B.; Fernandes, A.G.
The Impact of Antibiotic Prophylaxis with Intracameral Cefuroxime on Postoperative Infectious
Endophthalmitis Rates in a High-Volume Cataract Surgery Center. Sci. Rep. 2023, 13, 18031.

28. Dave, V.; Singh, V.; Reddy, J.; Sharma, S.; Joseph, J.; Das, T. Clinical Features and Microbiology
of Post-Cataract Surgery Endophthalmitis with and without Intracameral Moxifloxacin Prophylaxis:
Endophthalmitis Prophylaxis Study Report 3. Indian J. Ophthalmol. 2022, 70, 158.

29. Moser, C.L.; Lecumberri Lopez, M.; Garat, M.; Martín-Baranera, M. Prophylactic Intracameral
Cefazolin and Postoperative Topical Moxifloxacin after Cataract Surgery: Endophthalmitis Risk
Reduction and Safety Results in a 16-Year Study. Graefe’s Arch. Clin. Exp. Ophthalmol. 2019,
257, 2185–2191.

30. Rathi, V.; Sharma, S.; Das, T.; Khanna, R. Endophthalmitis Prophylaxis Study, Report 2:
Intracameral Antibiotic Prophylaxis with or without Postoperative Topical Antibiotic in Cataract



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 9/13

Surgery. Indian J. Ophthalmol. 2020, 68, 2451.

31. Kato, A.; Horita, N.; Namkoong, H.; Nomura, E.; Masuhara, N.; Kaneko, T.; Mizuki, N.; Takeuchi,
M. Prophylactic Antibiotics for Postcataract Surgery Endophthalmitis: A Systematic Review and
Network Meta-Analysis of 6.8 Million Eyes. Sci. Rep. 2022, 12, 17416.

32. Kessel, L.; Flesner, P.; Andresen, J.; Erngaard, D.; Tendal, B.; Hjortdal, J. Antibiotic Prevention of
Postcataract Endophthalmitis: A Systematic Review and Meta-analysis. Acta Ophthalmol. 2015,
93, 303–317.

33. Haripriya, A.; Chang, D.F.; Ravindran, R.D. Endophthalmitis Reduction with Intracameral
Moxifloxacin in Eyes with and without Surgical Complications: Results from 2 Million Consecutive
Cataract Surgeries. J. Cataract Refract. Surg. 2019, 45, 1226–1233.

34. Haripriya, A.; Chang, D.F.; Ravindran, R.D. Endophthalmitis Reduction with Intracameral
Moxifloxacin Prophylaxis. Ophthalmology 2017, 124, 768–775.

35. Daien, V.; Papinaud, L.; Gillies, M.C.; Domerg, C.; Nagot, N.; Lacombe, S.; Daures, J.P.; Carriere,
I.; Villain, M. Effectiveness and Safety of an Intracameral Injection of Cefuroxime for the
Prevention of Endophthalmitis after Cataract Surgery with or without Perioperative Capsular
Rupture. JAMA Ophthalmol. 2016, 134, 810.

36. Lundström, M.; Friling, E.; Montan, P. Risk Factors for Endophthalmitis after Cataract Surgery:
Predictors for Causative Organisms and Visual Outcomes. J. Cataract Refract. Surg. 2015, 41,
2410–2416.

37. Murphy, C.C.; Nicholson, S.; Quah, S.A.; Batterbury, M.; Neal, T.; Kaye, S.B. Pharmacokinetics of
Vancomycin Following Intracameral Bolus Injection in Patients Undergoing Phacoemulsification
Cataract Surgery. Br. J. Ophthalmol. 2007, 91, 1350–1353.

38. Althiabi, S.; Aljbreen, A.J.; Alshutily, A.; Althwiny, F.A. Postoperative Endophthalmitis after
Cataract Surgery: An Update. Cureus 2022, 14, e22003.

39. Titiyal, J.; Kaur, M. Role of Intracameral Antibiotics in Endophthalmitis Prophylaxis Following-
Cataract Surgery. Indian. J. Ophthalmol. 2020, 68, 688.

40. Arshinoff, S.A.; Modabber, M. Dose and Administration of Intracameral Moxifloxacin for
Prophylaxis of Postoperative Endophthalmitis. J. Cataract Refract. Surg. 2016, 42, 1730–1741.

41. Arshinoff, S.A.; Felfeli, T.; Modabber, M. Aqueous Level Abatement Profiles of Intracameral
Antibiotics: A Comparative Mathematical Model of Moxifloxacin, Cefuroxime, and Vancomycin
with Determination of Relative Efficacies. J. Cataract Refract. Surg. 2019, 45, 1568–1574.

42. Gautam, M.; Gupta, R.; Singh, P.; Verma, V.; Verma, S.; Mittal, P.; Karkhur, S.; Sampath, A.;
Mohan, R.R.; Sharma, B. Intracameral Drug Delivery: A Review of Agents, Indications, and
Outcomes. J. Ocul. Pharmacol. Ther. 2023, 39, 102–116.



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 10/13

43. Chang, D.F.; Prajna, N.V.; Szczotka-Flynn, L.B.; Benetz, B.A.; Lass, J.H.; O’Brien, R.C.; Menegay,
H.J.; Gardner, S.; Shekar, M.; Rajendrababu, S.; et al. Comparative Corneal Endothelial Cell
Toxicity of Differing Intracameral Moxifloxacin Doses after Phacoemulsification. J. Cataract
Refract. Surg. 2020, 46, 355–359.

44. Peñaranda-Henao, M.; Reyes-Guanes, J.; Muñoz-Ortiz, J.; Gutiérrez, N.M.; De-La-Torre, A.
Anterior Uveitis Due to Intracameral Moxifloxacin: A Case Report. Ocul. Immunol. Inflamm. 2021,
29, 1366–1369.

45. Moisseiev, E.; Levinger, E. Anaphylactic Reaction Following Intracameral Cefuroxime Injection
during Cataract Surgery. J. Cataract Refract. Surg. 2013, 39, 1432–1434.

46. Delyfer, M.-N.; Rougier, M.-B.; Leoni, S.; Zhang, Q.; Dalbon, F.; Colin, J.; Korobelnik, J.-F. Ocular
Toxicity after Intracameral Injection of Very High Doses of Cefuroxime during Cataract Surgery. J.
Cataract Refract. Surg. 2011, 37, 271–278.

47. Ma, B.; Liu, Y.; Liu, S.; Luo, M. Evaluation of the Effect of Intracameral Cefuroxime on Macular
and Subfoveal Choroidal Thickness and Macular Sensitivity in Diabetic Patients after Cataract
Surgery. J. Cataract Refract. Surg. 2017, 43, 201–206.

48. Nicholson, L.B.; Kim, B.T.; Jardón, J.; Townsend-Pico, W.; Santos, C.; Moshfeghi, A.A.; Albini,
T.A.; Eliott, D.; Sobrin, L. Severe Bilateral Ischemic Retinal Vasculitis Following Cataract Surgery.
Ophthalmic Surg. Lasers Imaging Retin. 2014, 45, 338–342.

49. Witkin, A.J.; Chang, D.F.; Jumper, J.M.; Charles, S.; Eliott, D.; Hoffman, R.S.; Mamalis, N.; Miller,
K.M.; Wykoff, C.C. Vancomycin-Associated Hemorrhagic Occlusive Retinal Vasculitis.
Ophthalmology 2017, 124, 583–595.

50. Schwartz, S.G.; Relhan, N.; O’Brien, T.P.; Flynn, H.W. A New Complication Associated with the
Use of Prophylactic Intracameral Antibiotics: Hemorrhagic Occlusive Retinal Vasculitis.
Ophthalmology 2017, 124, 578–579.

51. Galvis, V.; Prada, A.M.; Tello, A.; Parra, M.M.; Camacho, P.A.; Polit, M.P. Safety of Intracameral
Application of Moxifloxacin and Dexamethasone (Vigadexa®) after Phacoemulsification Surgery.
Graefe’s Arch. Clin. Exp. Ophthalmol. 2023, 261, 3215–3221.

52. Grzybowski, A.; Brona, P.; Zeman, L.; Stewart, M.W. Commonly Used Intracameral Antibiotics for
Endophthalmitis Prophylaxis: A Literature Review. Surv. Ophthalmol. 2021, 66, 98–108.

53. Kelkar, A.S.; Sharma, N.; Verma, L.; Chandorkar, S.A.; Saxena, R.; Mishra, D.; Kelkar, J.A.;
Sengupta, S. Antibiotic Prophylaxis for Cataract Surgery—Practice Patterns amongst Indian
Ophthalmologists. Indian J. Ophthalmol. 2023, 71, 3235–3241.

54. Topete, A.; Serro, A.P.; Saramago, B. Dual Drug Delivery from Intraocular Lens Material for
Prophylaxis of Endophthalmitis in Cataract Surgery. Int. J. Pharm. 2019, 558, 43–52.



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 11/13

55. Topete, A.; Saramago, B.; Serro, A.P. Intraocular Lenses as Drug Delivery Devices. Int. J. Pharm.
2021, 602, 120613.

56. Ma, X.; Xie, L.; Huang, Y. Intraoperative Cefuroxime Irrigation Prophylaxis for Acute-Onset
Endophthalmitis After Phacoemulsification Surgery. Infect. Drug Resist. 2020, 13, 1455–1463.

57. Li, M.; Xu, J.-W.; Li, J.; Wang, W.; Luo, C.; Han, H.; Xu, Z.-K.; Yao, K. A Novel Gatifloxacin-
Loaded Intraocular Lens for Prophylaxis of Postoperative Endophthalmitis. Bioact. Mater. 2023,
20, 271–285.

58. Ma, W.; Hou, G.; Wang, J.; Liu, T.; Tian, F. Evaluation of the Effect of Gentamicin in Surgical
Perfusion Solution on Cataract Postoperative Endophthalmitis. BMC Ophthalmol. 2022, 22, 410.

59. Filipe, H.P.; Bozukova, D.; Pimenta, A.; Vieira, A.P.; Oliveira, A.S.; Galante, R.; Topete, A.;
Masson, M.; Alves, P.; Coimbra, P.; et al. Moxifloxacin-Loaded Acrylic Intraocular Lenses: In Vitro
and in Vivo Performance. J. Cataract Refract. Surg. 2019, 45, 1808–1817.

60. Kang-Mieler, J.J.; Rudeen, K.M.; Liu, W.; Mieler, W.F. Advances in Ocular Drug Delivery Systems.
Eye 2020, 34, 1371–1379.

61. Al-Omari, A.; Al Mutair, A.; Alhumaid, S.; Salih, S.; Alanazi, A.; Albarsan, H.; Abourayan, M.; Al
Subaie, M. The Impact of Antimicrobial Stewardship Program Implementation at Four Tertiary
Private Hospitals: Results of a Five-Years Pre-Post Analysis. Antimicrob. Resist. Infect. Control
2020, 9, 95.

62. García-Rodríguez, J.F.; Bardán-García, B.; Peña-Rodríguez, M.F.; Álvarez-Díaz, H.; Mariño-
Callejo, A. Meropenem Antimicrobial Stewardship Program: Clinical, Economic, and Antibiotic
Resistance Impact. Eur. J. Clin. Microbiol. Infect. Dis. 2019, 38, 161–170.

63. Lee, C.F.; Cowling, B.J.; Feng, S.; Aso, H.; Wu, P.; Fukuda, K.; Seto, W.H. Impact of Antibiotic
Stewardship Programmes in Asia: A Systematic Review and Meta-Analysis. J. Antimicrob.
Chemother. 2018, 73, 844–851.

64. Septimus, E.J. Antimicrobial Resistance. Med. Clin. N. Am. 2018, 102, 819–829.

65. Biswas, P.; Batra, S.; Gurha, N.; Maksane, N. Emerging Antimicrobial Resistance and Need for
Antimicrobial Stewardship for Ocular Infections in India: A Narrative Review. Indian J. Ophthalmol.
2022, 70, 1513–1521.

66. Centers for Disease Control and Prevention. Core Elements of Antibiotic Stewardship for Health
Departments. Available online: https://www.cdc.gov/antibiotic-use/core-elements/health-
departments.html (accessed on 27 December 2023).

67. Centers for Disease Control and Prevention. Antibiotic Resistance Threats in the United States;
Centers for Disease Control and Prevention: Atlanta, GA, USA, 2019.



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 12/13

68. Bremond-Gignac, D.; Chiambaretta, F.; Milazzo, S. A European Perspective on Topical
Ophthalmic Antibiotics: Current and Evolving Options. Ophthalmol. Eye Dis. 2011, 3, OED.S4866.

69. Relhan, N.; Pathengay, A.; Schwartz, S.G.; Flynn, H.W. Emerging Worldwide Antimicrobial
Resistance, Antibiotic Stewardship and Alternative Intravitreal Agents for the Treatment of
Endophthalmitis. Retina 2017, 37, 811–818.

70. Fintelmann, R.E.; Hoskins, E.N.; Lietman, T.M.; Keenan, J.D.; Gaynor, B.D.; Cevallos, V.;
Acharya, N.R. Topical Fluoroquinolone Use as a Risk Factor for In Vitro Fluoroquinolone
Resistance in Ocular Cultures. Arch. Ophthalmol. 2011, 129, 399.

71. Grzybowski, A.; Turczynowska, M. More Antisepsis, Less Antibiotics Whenever Possible. Asia-
Pac. J. Ophthalmol. 2018, 7, 72–75.

72. CDC Issues Recommendations for Preventing Spread of Vancomycin Resistance. Am. J. Health-
Syst. Pharm. 1995, 52, 1272–1274.

73. Lin, P.L.; Oram, R.J.; Lauderdale, D.S.; Dean, R.; Daum, R.S. Knowledge of Centers for Disease
Control and Prevention Guidelines for the Use of Vancomycin at a Large Tertiary Care Children’s
Hospital. J. Pediatr. 2000, 137, 694–700.

74. Asbell, P.A.; Sanfilippo, C.M.; Mah, F.S. Antibiotic Susceptibility of Bacterial Pathogens Isolated
from the Aqueous and Vitreous Humour in the Antibiotic Resistance Monitoring in Ocular
MicRoorganisms (ARMOR) Surveillance Study: 2009–2020 Update. J. Glob. Antimicrob. Resist.
2022, 29, 236–240.

75. Asbell, P.A.; Sanfilippo, C.M.; DeCory, H.H. Antibiotic Resistance of Bacterial Pathogens Isolated
from the Conjunctiva in the Antibiotic Resistance Monitoring in Ocular MicRoorganisms (ARMOR)
Surveillance Study (2009–2021). Diagn. Microbiol. Infect. Dis. 2024, 108, 116069.

76. Han, D.P.; Wisniewski, S.R.; Wilson, L.A.; Barza, M.; Vine, A.K.; Doft, B.H.; Kelsey, S.F. Spectrum
and susceptibilities of microbiologic isolates in the Endophthalmitis Vitrectomy Study. Am. J.
Ophthalmol. 1996, 122, 1–17.

77. Mursalin, M.H.; Astley, R.; Coburn, P.S.; Bagaruka, E.; Hunt, J.J.; Fischetti, V.A.; Callegan, M.C.
Therapeutic Potential of Bacillus Phage Lysin PlyB in Ocular Infections. mSphere 2023, 8,
e0004423.

78. Patil, R.; Dehari, D.; Chaudhuri, A.; Kumar, D.N.; Kumar, D.; Singh, S.; Nath, G.; Agrawal, A.K.
Recent Advancements in Nanotechnology-Based Bacteriophage Delivery Strategies against
Bacterial Ocular Infections. Microbiol. Res. 2023, 273, 127413.

79. Ranjith, K.; Ramchiary, J.; Prakash, J.S.S.; Arunasri, K.; Sharma, S.; Shivaji, S. Gene Targets in
Ocular Pathogenic Escherichia Coli for Mitigation of Biofilm Formation to Overcome Antibiotic
Resistance. Front. Microbiol. 2019, 10, 1308.



Overcoming Antimicrobial Resistance in Endophthalmitis | Encyclopedia.pub

https://encyclopedia.pub/entry/56208 13/13

80. Silva, N.C.; Sarmento, B.; Pintado, M. The Importance of Antimicrobial Peptides and Their
Potential for Therapeutic Use in Ophthalmology. Int. J. Antimicrob. Agents 2013, 41, 5–10.

81. Vivero-Lopez, M.; Muras, A.; Silva, D.; Serro, A.P.; Otero, A.; Concheiro, A.; Alvarez-Lorenzo, C.
Resveratrol-Loaded Hydrogel Contact Lenses with Antioxidant and Antibiofilm Performance.
Pharmaceutics 2021, 13, 532.

82. Giannaccare, G.; Comis, S.; Jannuzzi, V.; Camposampiero, D.; Ponzin, D.; Cambria, S.;
Santocono, M.; Pallozzi Lavorante, N.; Del Noce, C.; Scorcia, V.; et al. Effect of Liposomal-
Lactoferrin-Based Eye Drops on the Conjunctival Microflora of Patients Undergoing Cataract
Surgery. Ophthalmol. Ther. 2023, 12, 1315–1326.

83. Teh, S.; Mok, P.; Abd Rashid, M.; Bastion, M.-L.; Ibrahim, N.; Higuchi, A.; Murugan, K.;
Mariappan, R.; Subbiah, S. Recent Updates on Treatment of Ocular Microbial Infections by Stem
Cell Therapy: A Review. Int. J. Mol. Sci. 2018, 19, 558.

84. Rossiter, S.E.; Fletcher, M.H.; Wuest, W.M. Natural Products as Platforms to Overcome Antibiotic
Resistance. Chem. Rev. 2017, 117, 12415–12474.

85. Arip, M.; Selvaraja, M.; Tan, L.F.; Leong, M.Y.; Tan, P.L.; Yap, V.L.; Chinnapan, S.; Tat, N.C.;
Abdullah, M.; Jubair, N.; et al. Review on Plant-Based Management in Combating Antimicrobial
Resistance—Mechanistic Perspective. Front. Pharmacol. 2022, 13, 879495.

86. Grzybowski, A.; Brona, P.; Kim, S.J. Microbial Flora and Resistance in Ophthalmology: A Review.
Graefe’s Arch. Clin. Exp. Ophthalmol. 2017, 255, 851–862.

87. Lee, A.E.; Niruttan, K.; Rawson, T.M.; Moore, L.S.P. Antibacterial Resistance in Ophthalmic
Infections: A Multi-Centre Analysis across UK Care Settings. BMC Infect. Dis. 2019, 19, 768.

Retrieved from https://encyclopedia.pub/entry/history/show/126880


