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Abstract

Endophthalmitis is characterized by marked inflammation of intraocular fluids and tissues. 

Infective endophthalmitis may be categorized by the cause of the infection, which helps predict the 

underlying etiology and most likely causative organisms. The major category remains acute-onset 

postoperative endophthalmitis. Infective endophthalmitis is a clinical diagnosis but is confirmed by 

evaluation of intraocular fluid specimens. The Endophthalmitis Vitrectomy Study offered 

important guidelines for the initial management of endophthalmitis, and these guidelines remain 

relevant to this day. Prompt initiation of empiric broad-spectrum antimicrobial therapy is 

important in achieving best outcomes.

Endophthalmitis is characterized by marked inflammation of intraocular fluids and tissues. 

Severe visual loss may occur, even with prompt and appropriate diagnosis and treatment. 

Infective endophthalmitis may be categorized by the cause of the infection and the 

characteristic timing of clinical signs and symptoms [1]. Categorization helps predict the 

underlying etiology and most likely causative organisms (table 1).

The major category, representing over 70% of cases, is acute-onset, postoperative 

endophthalmitis, which is defined as endophthalmitis presenting within 6 weeks of 

intraocular surgery (fig. 1) [1]. Chronic postoperative endophthalmitis presents more than 6 

weeks following intra-ocular surgery and may be associated with cataract surgery [2], 

glaucoma filtering blebs (fig. 2) [3], corneal sutures [4], the Ex-PRESS mini glaucoma shunt 

(Optonol, Neve Ilan, Israel) [5] and other devices. Posttraumatic endophthalmitis occurs 

following open-globe injuries. Endogenous endophthalmitis results from hematogenous 

spread of systemic infection. Endophthalmitis may be associated with microbial keratitis [6] 

and following office-based intravitreal injection [7].

Disease Incidence

The reported incidence of acute-onset postoperative endophthalmitis is in the range of 

0.036–0.36% of eyes undergoing intraocular surgery [8–10]. Large series of cataract 

surgeries have reported risks of 0.04% in the USA [11] and 0.07% in India [12]. An earlier 

survey reported rates of endophthalmitis of 0.2% following secondary intraocular lens (IOL) 

implantation, 0.2% after glaucoma surgery and 0.03% after pars plana vitrectomy (PPV) 
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[13]. In the USA, Medicare claims data suggest that the incidence of acute-onset 

postoperative endophthalmitis may be increasing [14].

The incidence of endophthalmitis following PPV has been the subject of recent study as 

many surgeons have largely transitioned from 20-gauge transscleral surgery to 23- or 25-

gauge transconjunctival surgery. A systematic review of 148,643 surgical cases reported an 

incidence of 0.046% [15].

One series of open-globe injuries has reported an endophthalmitis rate of 6.8% [16].

The incidence of endophthalmitis following intravitreal injections of vascular endothelial 

growth factor (VEGF) inhibitors in prospective clinical trials is in the range of 1% per eye 

(table 2) [17–22] However, these reported rates relate to eyes, not to the number of total 

injections. In these trials, most eyes underwent a series of injections, so the incidence of 

endophthalmitis per injection is very low. Large, retrospective case series of intravitreal 

injections of VEGF inhibitors generally report infection rates in the range of 0.05% or less 

(table 3) [23–30] although the reported infection rates following off-label intravitreal 

injection of triamcinolone acetonide, a corticosteroid, are somewhat higher [31, 32].

Risk Factors

In acute-onset, postoperative endophthalmitis, preoperative risk factors include immune 

compromise (e.g. diabetes mellitus or immunosuppressive medications), chronic blepharitis, 

disease of the lacrimal drainage system, contaminated eye drops, contact lens wear, a 

contralateral ocular prosthesis and active infection elsewhere in the body. Intraoperative risk 

factors include prolonged surgery, secondary IOL implantation, posterior capsular rupture, 

vitreous loss, iris prolapse, contaminated irrigating solutions or IOL, and a slightly 

inferotemporal clear corneal incision. Postoperative risk factors include wound leaks and 

vitreous incarceration in the wound. Using evidence-based medicine criteria, povidone-

iodine antisepsis is the only technique to reach category II evidence for the prevention of 

postoperative endophthalmitis [33].

Some authors have suggested that clear cornea wounds are a risk factor for infection [34, 

35], but other series have found no increased endophthalmitis risk or differences regarding 

the clinical course, causative organisms or visual outcomes following clear cornea cataract 

surgery [11, 36]. The prevention of acute-onset, postoperative endophthalmitis following 

cataract surgery is controversial. The European Society of Cataract and Refractive Surgeons 

(ESCRS) performed a partially masked, randomized, clinical trial of 13,698 patients and 

reported a statistically significant benefit with the use of intracameral cefuroxime [37]. 

Despite these results, there is no consensus on the use of intracameral antibiotics, even in 

European nations [38]. A Cochrane systematic review, including the ESCRS study, reported 

that ‘the heterogeneity of study designs and modes of antibiotic delivery made it impossible 

to conduct a formal meta-analysis’ and ‘it is unlikely that additional clinical trials will be 

conducted to evaluate currently available prophylaxis’ [39].

Risk factors for filtering bleb-associated endophthalmitis include a history of conjunctivitis, 

contaminated topical glaucoma medications, contact lenses, an inferior filtering bleb, bleb 
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leakage, bleb manipulations and nasolacrimal duct obstruction [3]. Risk factors for 

posttraumatic endophthalmitis include delayed primary repair (beyond 24 h), soil-associated 

injuries, retained intraocular foreign bodies and breach of the lens capsule [16]. Possible, but 

unproven, risk factors for endophthalmitis following 25-gauge transconjunctival sutureless 

vitrectomy include unsutured sclerotomy wounds, vitreous wick syndrome, early 

postoperative hypotony and increasing use of adjuvants (such as intravitreal triamcinolone 

acetonide).

The risk of endophthalmitis following small-gauge transconjunctival PPV is apparently not 

higher than that of 20-gauge transscleral PPV [15].

Endophthalmitis following open-globe injuries is associated with delayed wound closure and 

lack of prophylactic antibiotic treatment [40]. Retained intraocular foreign bodies are an 

additional risk factor, especially when associated with vegetable matter exposure or delay to 

initial management [41].

Risk factors for endogenous endophthalmitis include debilitation, immune compromise and 

intravenous drug abuse [42]. Endogenous endophthalmitis rarely occurs in infants in a 

neonatal intensive care unit; reported risk factors include candidemia, bacteremia, 

retinopathy of prematurity and a low birth weight [43].

Microbial keratitis is very infrequently associated with endophthalmitis, unless associated 

with corneal perforation, topical corticosteroids, fungal keratitis or keratitis adjacent to a 

previous surgical wound [44].

There has been much recent investigation regarding risk factors for endophthalmitis 

following intravitreal injection in terms of compounding pharmacies, and the use of an 

eyelid speculum, face masks and prophylactic antibiotics. ‘Off-label’ medications prepared 

by a compounding pharmacy may become contaminated [45, 46]. Eyelid speculums are very 

commonly used and have traditionally been thought to be very important to reduce the rate 

of infection [47], but one series of 10,164 injections using an assistant to manually retract 

the lids, but no speculum, reported only 3 cases of endophthalmitis (0.030%) [28]. There 

appears to be a long-term trend away from the routine use of prophylactic topical antibiotics, 

and several large series have reported higher rates of infection in eyes treated with 

antibiotics than eyes that were not [48–50]. In two small prospective trials using simulated 

intravitreal injections, bacterial dispersal was significantly reduced by wearing a face mask 

or by not speaking [51, 52]. One retrospective series of 15,144 injections performed using 

face masks by the physician and nurse assistant, as well as a drape on the patient’s face, 

reported zero cases of endophthalmitis [29], but another retrospective series of 15,925 

patients reported an incidence of 0.05% despite the use of face masks and povidone-iodine 

use [30].

Etiology/Pathogenesis

The etiology of infective endophthalmitis is predicted by the clinical features and past 

history, and this is summarized in table 1 [53–57]. Post-traumatic endophthalmitis is 

frequently caused by relatively more virulent organisms, such as Bacillus cereus [58].
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Endogenous endophthalmitis is more frequently caused by fungi, but bacterial cases may 

also occur [42]. The most common causative organisms include Candida albicans and 

Aspergillus species. In bacterial endogenous endophthalmitis, the most common causative 

organisms are B. cereus, Staphylococcus aureus, Klebsiella, Pseudomonas and 

Streptococcus species [59, 60].

Traditionally, endophthalmitis associated with microbial keratitis has been caused by Gram-

negative organisms, S. aureus, streptococcal species and various fungi [61]. Outbreaks of 

Fusarium keratitis have been associated with soft contact lenses [62–64], and series of 

endophthalmitis in eyes with Fusarium keratitis have been reported [6, 65].

Infective endophthalmitis following intravitreal injection is frequently due to coagulase-

negative staphylococci, although streptococcus isolates have been reported to be 

significantly more common following intravitreal injection than following cataract surgery 

[66, 67].

Diagnosis and Ancillary Testing/Differential Diagnosis

Infective endophthalmitis is a clinical diagnosis but may be confirmed by evaluation of 

intraocular fluid specimens. Its clinical signs are variable and depend on the infecting 

organism, the duration of infection, the associated inflammation and various patient risk 

factors, such as prior surgery, trauma and immune status, as previously discussed.

Obtaining intraocular cultures is important in the workup of endophthalmitis. A vitreous 

specimen is more likely to yield a positive culture result than a simultaneously acquired 

aqueous specimen [68]. The vitreous specimen can be obtained by needle biopsy (vitreous 

tap) or by the use of automated vitrectomy instrumentation. If a needle biopsy approach is 

selected, a butterfly needle may offer better stability than a tuberculin syringe [69]. A single-

port transconjunctival sutureless vitrector has been advocated for the treatment of 

endophthalmitis in the office setting. This device, the Visitrec vitrectomy unit (Insight 

Instruments, Stuart, FL, USA), combines the theoretical advantages of standard PPV without 

the associated delays in treatment or increased expenses [70, 71].

Depending on the volume of the specimen and the clinical setting, alternative culture 

techniques can be selected [1]. The traditional approach, direct inoculation of the specimen 

onto culture media, is commonly selected. Culture media may include 5% blood agar for the 

most common bacterial and fungal pathogens; chocolate agar for fastidious organisms such 

as Neisseria gonorrhoeae and Haemophilus influenzae; Sabouraud agar for fungi; 

thioglycollate broth for anaerobes; and anaerobic blood agar. Alternatively, the specimen 

may be injected into blood culture bottles, which are particularly useful in after-hour 

emergency cases [72].

The differential diagnosis of marked inflammation following intraocular surgery is listed in 

table 4. Sterile inflammation may be secondary to retained lens fragments or foreign 

material introduced during surgery. Retained cortical fragments may cause more severe 

inflammation than nuclear fragments, and these eyes occasionally present with hypopyon 

[73].
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The toxic anterior-segment syndrome (TASS) is a sterile inflammatory reaction of moderate-

to-severe intensity usually within 12–48 h after intraocular surgery. Typical signs include 

corneal edema, anterior-chamber cell and flare with fibrin and/or hypopyon, an unreactive 

pupil and elevated intraocular pressure [74]. TASS may be caused by exposure to various 

foreign substances, including the IOL, ointments and disinfecting compounds [75–77]. In 

some patients, TASS may be difficult to distinguish from infective endophthalmitis. 

Typically, TASS presents earlier, and the signs are confined to the anterior segment. The 

corneal edema may be out of proportion to the level of inflammation. TASS may present in a 

cluster of patients from the same surgical center.

Eyes with noninfective foreign material in the anterior chamber may appear similar to eyes 

with endophthalmitis. For example, particles of triamcinolone may migrate anteriorly, 

mimicking a hypopyon [78]. Intraocular blood, particularly when dehemoglobinized, may be 

confused with infective material [79, 80].

In addition, intravitreal injections may be associated with sterile intraocular inflammation 

due to unknown causes [81]. Multiple series have reported culture-negative endophthalmitis 

occurring in clusters following treatment with a single batch of medication [82–84]. One 

study concluded that culture-negative inflammation is more common following bevacizumab 

than ranibizumab [85].

Signs and Symptoms

Ocular Findings

In acute-onset postoperative bacterial endophthalmitis, there is typically acute-onset visual 

loss and redness, and associations with marked intraocular inflammation, anterior chamber 

inflammation, fibrin and hypopyon have been reported [1]. Eyelid edema, conjunctival 

congestion, vitreous inflammation and retinal periphlebitis may be noted. Chronic 

postoperative endophthalmitis is typically marked by relatively mild but progressive 

inflammation and an indolent course. In filtering bleb-associated endophthalmitis, clinical 

features include purulent bleb involvement, as well as aqueous and vitreous inflammation, 

including hypopyon [3].

Compared with bacterial endophthalmitis, fungal endophthalmitis is generally associated 

with less inflammation, a more indolent course and less pain. Endogenous endophthalmitis 

due to Candida often manifests as isolated white infiltrates in formed vitreous overlying a 

localized area of chorioretinitis.

Endophthalmitis following open-globe injuries is often severe and rapidly progressive. In 

contrast, there is frequently a delay in diagnosis of endophthalmitis associated with 

microbial keratitis because of the recognition that many cases of keratitis with hypopyon do 

not have endophthalmitis. Additionally, posterior-segment findings (including echography) 

may be relatively mild or not helpful in establishing the diagnosis. The diagnosis should be 

suspected when patients with keratitis continue to worsen despite appropriate topical, 

systemic and other therapy (including, in some cases, penetrating keratoplasty; fig. 3).
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Systemic Findings

Typically, systemic findings in infectious endophthalmitis are minimal. An exception is 

endogenous endophthalmitis, in which there may be systemic signs of infection, such as 

fever or debilitation.

Treatment Options

In the management of endophthalmitis, safe and effective antimicrobial agents are selected. 

In most cases, culture results are not available until days after initiation of treatment. 

Therefore, initial therapy should provide coverage for a broad range of Gram-positive and -

negative organisms. Many of the current treatment guidelines originate from the 

Endophthalmitis Vitrectomy Study (EVS), a randomized, multicenter, clinical trial which 

treated all patients with intravitreal vancomycin and amikacin; subconjunctival vancomycin, 

ceftazidime and dexamethasone; and systemic corticosteroids [86]. The results of the EVS 

are summarized in table 5 [54, 87, 88]. Several points must be considered when applying 

these results to clinical practice.

First, the EVS reported a benefit for PPV only in eyes with visual acuity of light perception. 

However, in selected rapid-onset cases with moderate or severe vitreous inflammation, PPV 

may be considered, even when visual acuity is better than light perception. PPV may be 

performed using a two-port (end-irrigating light pipe and vitreous cutter) or standard three-

port technique. Small-gauge transconjunctival sutureless vitrectomy is becoming more 

popular for this indication [89]. An uninvolved crystalline lens may be retained in phakic 

patients [90].

Second, the EVS only recruited patients with acute-onset endophthalmitis following cataract 

surgery or secondary IOL implantation. Therefore, these results do not necessarily apply to 

other forms of endophthalmitis, which are more frequently caused by more virulent 

organisms. Thus, the benefits of PPV may be more important in these other clinical settings.

Third, the antibiotic choices should be tailored to the individual patient. Even though the 

EVS used intravitreal amikacin, either intravitreal ceftazidime or ceftriaxone may be 

considered to avoid the risk of aminoglycoside toxicity. The EVS reported very high rates of 

antibiotic susceptibility [91], but more recent reports suggest that the rates of antibiotic-

resistant organisms may be increasing [92–94]. Although the EVS used subconjunctival 

antibiotics, two more recent clinical studies showed no difference in outcomes by using 

subconjunctival antibiotics in addition to intravitreal antibiotics [95, 96]. The EVS reported 

no benefit from adjunctive systemic amikacin and ceftazidime, but there may be a rationale 

to use other systemic agents. For example, the fourth-generation fluoroquinolones achieve 

intraocular drug levels even in the noninflamed eye, although their benefit in 

endophthalmitis remains unproven [97]. Systemic gatifloxacin (Tequin; Bristol-Myers 

Squibb, New York, NY, USA) is no longer commercially available because of the associated 

risks of hypo- and hyperglycemia [98]. Another fourth-generation fluoroquinolone, 

moxifloxacin (Avelox; Bayer Healthcare, Wuppertal, Germany), is currently available but 

has the same limitations. Systemic ciprofloxacin may be beneficial for Pseudomonas 

Schwartz et al. Page 6

Dev Ophthalmol. Author manuscript; available in PMC 2017 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



endophthalmitis, because the MIC90 of ciprofloxacin is much lower than that of gatifloxacin 

or moxifloxacin [99].

Fourth, the EVS treated all patients with systemic corticosteroids. Although systemic 

corticosteroids may improve final outcomes, caution is advised regarding systemic side 

effects, particularly in elderly patients and those with diabetes mellitus. As an alternative, 

especially in bacterial cases, intravitreal dexamethasone (400 micrograms) may be 

considered [100].

Fifth, the EVS did not recruit patients with suspected fungal endophthalmitis. Many patients 

with endogenous fungal endophthalmitis will respond to systemic therapy alone, typically in 

consultation with an internist or infectious disease specialist. Systemic antifungals may be 

combined with PPV, which reduces fungal load and perhaps increases intraocular 

penetration of systemic agents. In some patients, intravitreal antifungals are necessary. 

Traditionally, amphotericin B was commonly used, but some of the newer azole compounds 

are gaining increased acceptance in many situations. For example, intravitreal voriconazole 

(VFEND; Pfizer, New York, NY, USA), a synthetic, second-generation triazole, has shown 

efficacy in some reports [101]. Various antifungal agents are listed in table 6.

Treatment Outcomes and Prognosis

In the EVS, the most important predictor of final visual outcome was presenting visual 

acuity. Patients with presenting visual acuity of light perception or worse had the poorest 

outcomes [54]. Thus, early treatment of endophthalmitis is associated with improved visual 

outcomes. Prompt initiation of therapy is more important than any other factor, including 

PPV versus vitreous tap or the use of adjunctive systemic antibiotics.

Other independent predictors of poorer visual outcomes in the EVS include older age, 

diabetes mellitus, corneal infiltrate or ring ulcer, abnormal intraocular pressure, iris 

neovascularization, an absent red reflex and an open posterior capsule [102]. Certain 

echographic features, such as dense vitreous opacities, dense vitreous membranes, retinal 

detachment and choroidal detachment, are associated with a poorer visual prognosis [103, 

104].

One large series of patients with endogenous fungal endophthalmitis reported relatively 

worse outcomes in patients with mold, rather than yeast, infections [105].

Conclusion and Key Points

Infective endophthalmitis is uncommon but may cause severe visual loss, even with prompt 

diagnosis and appropriate treatment. The clinical presentation aids in categorization of the 

patient, which helps predict the etiology and causative organisms. Endophthalmitis is a 

clinical diagnosis, but laboratory confirmation is important. A vitreous sample may be 

obtained either through needle tap or with automated vitrectomy instrumentation, depending 

on the clinical situation. Prompt institution of safe and effective antimicrobial therapy is 

important in achieving best visual outcomes.
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Fig. 1. 
a Acute-onset postoperative endophthalmitis. Note conjunctival injection, corneal edema 

and hypopyon. b Resolution of infection following treatment.

Schwartz et al. Page 15

Dev Ophthalmol. Author manuscript; available in PMC 2017 August 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
a Endophthalmitis associated with filtering bleb. Note conjunctival injection, purulent 

filtering bleb and anterior chamber fibrin. b Resolution of infection following treatment.
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Fig. 3. 
Endophthalmitis associated with microbial keratitis.
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Table 1

Categories of endophthalmitis with common causative organisms

Category Common microorganisms

Acute onset, postoperative Coagulase-negative Staphylococcus Staphylococcus aureus Streptococcus spp.

Delayed onset (chronic), postoperative Propionibacterium acnes Candida parapsilosis Coagulase-negative staphylococcus

Filtering bleb associated Streptococcus spp. Staphylococcus spp. Haemophilus influenzae

Posttraumatic Staphylococcus spp. Bacillus cereus

Endogenous Candida albicans Aspergillus spp.

Following microbial keratitis Gram-negative organisms Staphyloccocus aureus Fusarium spp.

Following intravitreal injection Coagulase-negative Staphylococcus Streptococcus viridans
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Table 2

Incidence of endophthalmitis following intravitreal injection: selected prospective clinical trials

Study Medication Cases, n Treated eyes, n Incidence, %

VISION [17] Pegaptanib sodium (Macugen; Valeant, West Laval, Que., 
Canada)

12a 890 1.3

Ranibizumab phase I/II [18] Ranibizumab (Lucentis; Genentech, South San Francisco, CA, 
USA)

1 62 1.6

ANCHOR [19] Ranibizumab 2b 277 0.7

MARINA [20] Ranibizumab 5c 477 1.0

VIEW [21] Ranibizumab 3 595 0.5

Aflibercept (Eylea; Regeneron, Tarrytown, NY, USA) 3 1,824 0.2

CATT [22] Ranibizumab 4 599 0.7

Bevacizumab (Avastin; Genentech) 7 586 1.2d

These studies reported the incidence per eye (most eyes received a series of injections).

a
Two thirds of cases were associated with deviations in the injection protocol.

b
In the 0.3-mg group, there were 0/137 cases (0%). In the 0.5-mg group, there were 2/140 cases (1.4%). Pooled data are presented here.

c
In the 0.3-mg group, there were 2/238 cases (0.8%). In the 0.5-mg group, there were 3/239 cases (1.3%). Pooled data are presented here.

d
Difference not statistically significant.
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Table 3

Incidence of endophthalmitis following intravitreal injection: selected observational case series

First author Medication Cases, n Injections, n Incidence, %

Westfall [31] Triamcinolone acetonide 1 1,006 0.099

Fung [23] Bevacizumab 1 7,113 0.014

Rasmussen [24] Ranibizumab 2 7,584 0.026

Gillies [25] Ranibizumab and bevacizumab 2 9,162 0.022

Englander [26] Ranibizumab, bevacizumab, pegaptanib and triamcinolone acetonide 3 10,208 0.029

Moshfeghi [27] Ranibizumab, bevacizumab and pegaptanib 12 60,322 0.020

Fineman [28] Bevacizumab and ranibizumab 3 10,164 0.030

Shimada [29] Ranibizumab, bevacizumab and pegaptanib 0 15,144 0

Mithal [30] Ranibizumab, bevacizumab and pegaptanib 8 15,925 0.050

These retrospective studies reported incidence rates per injection (not per eye).
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Table 4

Differential diagnosis of marked inflammation following cataract surgery

Endophthalmitis

Toxic anterior-segment syndrome (TASS)

Retained lens fragments

Flare-up of preexisting uveitis

Triamcinolone acetonide particles

Long-standing (dehemoglobinized) vitreous hemorrhage
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Table 5

Endophthalmitis Vitrectomy Study (EVS)

(1) Enrollment criteria

 Acute postoperative endophthalmitis (within 6 weeks of surgery)

 Following cataract surgery or secondary to intraocular lens implantation

(2) Vitreous tap versus pars plana vitrectomy (PPV)

 Patients with presenting visual acuity of hand motions (HM) or better

  No difference in outcomes between vitreous tap and PPV

 Patients with presenting visual acuity of light perception

  Better visual outcomes with PPV than with vitreous tap

  Statistically significant

 Diabetic patients with presenting visual acuity of HM or better

  Slightly better visual outcomes with PPV than with vitreous tap

  Not statistically significant

  Either PPV or vitreous tap could be considered in this situation

(3) Systemic antibiotics

 Systemic amikacin and ceftazidime offered no additional benefit over the observation group

 Other systemic antibiotics were not evaluated
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Table 6

Clinically important antifungal agents

Agent Mechanism of action

Intravitreal

 Amphotericin B Disrupts fungal cell membranes

 Fluconazolea Inhibits the synthesis of fungal cell membranes

 Voriconazole Inhibits the synthesis of fungal cell membranes

Intravenous

 Amphotericin B Disrupts fungal cell membranes

 Echinocandins Disrupt fungal cell walls

 Fluconazole Inhibits the synthesis of fungal cell membranes

 Voriconazole Inhibits the synthesis of fungal cell membranes

Oral

 Fluconazole Inhibits the synthesis of fungal cell membranes

 Itraconazole Inhibits the synthesis of fungal cell membranes

 Ketoconazole Inhibits the synthesis of fungal cell membranes

 Posaconazole Inhibits the synthesis of fungal cell membranes

 Voriconazole Inhibits the synthesis of fungal cell membranes

a
Experimental.
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