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SUMMARY Endophthalmitis is a severe eye infection that may result in perma-
nent loss of useful vision in the affected eye. Most cases are exogenous and oc-
cur as a complication of cataract surgery, an intravitreal injection, or penetrating
ocular trauma. Endogenous endophthalmitis results from hematogenous seeding
of the eye by bacteria or fungi, but bacteremia or fungemia may be transient
and patients may present without symptoms of systemic infection. Nearly all en-
dophthalmitis patients present with decreased vision, and some also have eye
pain. Eye examination usually reveals a hypopyon and intraocular inflammation.
Diagnosis is clinical, supported by cultures of the vitreous and/or aqueous or by
blood cultures in some endogenous cases. Molecular diagnostic techniques have
been used in research laboratories for pathogen identification in endophthalmitis
and offer the possibility of rapid diagnosis, including in culture-negative cases.
Intravitreal injection of antibiotics is the most important component of treat-
ment; some cases also benefit from surgical debridement of the vitreous by a
vitrectomy. The visual outcome depends partly on the pathogen: coagulase-
negative staphylococcal endophthalmitis has a better prognosis than does strep-
tococcal endophthalmitis, for example. Endophthalmitis is a medical emergency,
and prompt diagnosis and treatment are essential for saving vision.

KEYWORDS endophthalmitis, bacterial endophthalmitis, fungal endophthalmitis,
endophthalmitis prophylaxis, Candida endophthalmitis, bleb-related endophthalmitis,
keratitis-related endophthalmitis, posttraumatic endophthalmitis, postoperative
endophthalmitis
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INTRODUCTION

ndophthalmitis is one of the most devastating eye infections and may lead to

irreversible blindness in the infected eye within hours or days of symptom onset.
The term “endophthalmitis” refers to infection of the vitreous and/or aqueous by
bacteria or fungi. Intraocular infections by viruses or parasites are usually considered
types of uveitis rather than endophthalmitis.

Endophthalmitis may be either exogenous, in which microbes on the ocular surface
or from an external source are introduced into the eye, or endogenous, arising from
hematogenous seeding of pathogens during bacteremia or fungemia. Most cases of
endophthalmitis are exogenous. Exogenous endophthalmitis is further divided into
several categories, primarily by risk factor, such as postcataract, posttraumatic, and bleb
related. It is important to identify the category of endophthalmitis, as this influences the
typical presentation, microbiology, and visual outcome (Table 1).

Endophthalmitis is rare, and the incidence varies by category. The rate of endoph-
thalmitis after cataract surgery is approximately 0.1%, for example, while the rate after
penetrating eye trauma is 1 to 18%. Postoperative and posttraumatic endophthalmitis
are the major types of endophthalmitis seen worldwide, with postoperative (primarily
postcataract) cases accounting for 40 to 80% and posttraumatic cases comprising 2 to
15% of all endophthalmitis cases seen at centers in Brazil, England, Israel, Iran, India,
Australia, and South Korea (1-7). Regional differences exist: posttraumatic endophthal-
mitis accounted for 40 to 60% of all endophthalmitis cases treated in some centers in
Egypt, India, and China (7-9). The time period included in a study also influences the
frequency of various types of endophthalmitis. The U.S. Food and Drug Administration
(FDA) approved intravitreal anti-vascular endothelial growth factor (anti-VEGF) medi-
cations to treat neovascular age-related macular degeneration in 2004, and since then,
there has been a rapid increase in the use of these and other intravitreal injections.
Some centers report that postinjection endophthalmitis is now more common than
postoperative endophthalmitis (3, 10).

PATHOGENESIS

The source of pathogens in exogenous endophthalmitis is the ocular surface (e.g.,
in postoperative, postinjection, keratitis-related, bleb-related, or device-related endo-
phthalmitis) or the environment (e.g., in posttraumatic endophthalmitis). In endoge-
nous endophthalmitis, the source of infection is either a transient focus (e.g., an
indwelling central venous catheter) or an ongoing one (e.g., a liver abscess).

The likelihood that a patient will develop endophthalmitis depends on host factors,
inoculum size, and pathogen factors. Bacteria that colonize the conjunctiva, such as
coagulase-negative staphylococci, may be cultured from the aqueous at the end of
surgery in approximately one-third of cataract surgery cases (11, 12), yet only 1 in 500
to 1 in 1,000 cataract surgeries result in endophthalmitis, probably because of the
immune system'’s ability to clear small inocula. The constant turnover of the aqueous
every 100 min likely helps; communication with the vitreous, which does not regen-
erate, during cataract surgery increases the risk of postoperative endophthalmitis 6-fold
(13). Large numbers of pathogens introduced into the eye can overwhelm host
defenses; outbreaks resulting from use of a contaminated solution during surgery, for
example, typically result in attack rates of 80 to 100%.

Pathogen factors also play a role in pathogenesis. Bacteremia or fungemia rarely
results in endogenous endophthalmitis (incidence of <1%) unless the organism is
hypermucoviscous (serotype K1 or K2) Klebsiella pneumoniae. That organism has been
associated with liver abscess in East Asian centers, and as many as 7% of cases develop
endophthalmitis (14). Experimental models with mice have confirmed that eyes in-
jected with Klebsiella with the hypermucoviscosity (HMV) phenotype have greater
retinal function loss and inflammation than eyes injected with HMV-negative strains
(15). The magA (mucoviscosity-associated gene) region has been associated with
production of capsular type K1, the predominate type causing liver abscess and
metastatic complications such as endophthalmitis. A bacteriophage that specifically
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TABLE 1 Major categories of endophthalmitis

Clinical Microbiology Reviews

Relative frequency

Category Risk factor (% of all endophthalmitis cases) Major pathogens

Acute postcataract ~ Cataract surgery 40-80 Coagulase-negative staphylococci (70% of cases),
Staphylococcus aureus (10%), streptococci (9%)

Postinjection Intravitreal injection 0-50 Coagulase-negative staphylococci, streptococci

Posttraumatic Penetrating eye trauma 2-15 Coagulase-negative staphylococci, Bacillus,
streptococci, Gram-negative bacilli, fungi

Bleb related Filtering bleb (for glaucoma)  0-5 Streptococcus pneumoniae and other streptococci,
enterococci, Haemophilus influenzae

Keratitis related Corneal infection 0-10 Fungi (Aspergillus, Fusarium) in 50%, S. aureus,

streptococci, Pseudomonas

Endogenous Bacteremia or fungemia 0-20 Klebsiella pneumoniae (especially in East Asian nations),
Candida, streptococci, S. aureus, Escherichia coli

infects K1 serotype Klebsiella strains has been isolated and may have future implications
in diagnosis (16). In posttraumatic endophthalmitis, Bacillus cereus and other Bacillus
species are major pathogens and cause a fulminant endophthalmitis with very poor
visual prognosis. Factors that play a role in this destruction include membrane-damaging
toxins such as hemolysins, sphingomyelinases, and phospholipases, virulence factors
regulated by the quorum sensing-dependent transcriptional regulator PIcR, rapid
intraocular growth, and bacterial motility within the eye (17-20). Neutrophils them-
selves cause damage to the retina, and chemokine CXCL1 and other factors contribute
to neutrophil recruitment and the damaging inflammation seen during Bacillus endo-
phthalmitis (21). In bleb-related endophthalmitis, Streptococcus pneumoniae is an im-
portant pathogen and causes a severe endophthalmitis; the pneumococcal capsule,
pneumolysin, and autolysin all appear to contribute to pathogenesis (22, 23).

Biofilms may play a role in cases of endophthalmitis related to implants such as
glaucoma drainage devices, keratoprostheses (artificial corneas), and possibly intraoc-
ular lenses (IOLs). Intraocular lenses are placed during cataract surgery, and the 10L
material may affect biofilm formation. A study comparing Staphylococcus epidermidis
adhesion and biofilm formation on 4 types of IOLs (polymethylmethacrylate, silicone,
and hydrophilic and hydrophobic acrylic) found that biofilm growth occurred on all
types but that there was a significant difference between the types (hydrophilic acrylic
had the least bacterial binding, and silicone had the most) (24). The role of biofilms in
postcataract endophthalmitis is still unclear, however, since biofilms apparently occur
on IOLs in uninfected eyes: 19% of |IOLs in eyes donated after death for corneal
transplant had bacterial biofilms (25).

CLINICAL FEATURES

The most common symptom of endophthalmitis is decreased vision, affecting nearly
all patients. Eye pain or discomfort and a red eye are also common although not
universal complaints. Systemic symptoms such as fever are absent in exogenous but
often present in endogenous endophthalmitis cases (26). On examination of the eye, a
hypopyon is seen in most cases (e.g., in 80% of postcataract cases) (27), and this
represents a layer of white blood cells in the anterior chamber (Fig. 1). Funduscopic
examination reveals intraocular inflammation, and this often obscures the view of the
retina (a view of retinal vessels is obscured in 80% of postcataract endophthalmitis
cases, for example) (28).

The pace of symptoms and type of intraocular inflammation can be clues to a
bacterial versus fungal etiology. Bacterial endophthalmitis usually presents acutely,
often within days of an inciting event such as cataract surgery. Fungal endophthalmitis
typically has a subacute presentation with symptoms worsening over days to weeks.
The intraocular inflammation in fungal endophthalmitis tends to occur in “clumps”
within the aqueous and/or vitreous (Fig. 2), while intraocular inflammation is typically
diffuse in bacterial endophthalmitis.
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FIG 1 A hypopyon is seen as a layer of white blood cells in the aqueous in this eye with endogenous S.
aureus endophthalmitis. (Republished from reference 66 with permission of Springer.)

DIAGNOSIS

Endophthalmitis is a clinical diagnosis supported by culture of the vitreous and/or
aqueous and also by blood cultures in endogenous endophthalmitis. Negative cultures
do not exclude the diagnosis, since 20 to 30% of endophthalmitis cases are culture
negative. Molecular diagnostic techniques have demonstrated a pathogen in many
culture-negative cases, and these techniques may play a larger role in endophthalmitis
diagnosis in the future.

Sampling and Culture Techniques

Both the aqueous and vitreous may be sampled by the ophthalmologist. The
aqueous is liquid, approximately 0.3 ml, and continuously regenerated, with a turnover
time of 100 min. In contrast, the vitreous is a gel of approximately 4 ml in volume; it is
present at birth and not regenerated. Small samples of the aqueous (e.g., 0.1 ml) or
vitreous (0.2 to 0.3 ml) may be obtained for culture by needle aspiration in the
ophthalmologist’s office (Fig. 3A), although some vitreous aspirates are “dry taps”
because of the difficulty of aspirating a gel. Alternatively, some but not all of the
vitreous may be removed surgically via a vitrectomy in the operating room (Fig. 3B).
This procedure is performed with a vitrector, a mechanized instrument that rapidly cuts
(e.g., 5,000 cuts per minute) and aspirates the vitreous while eye turgor is maintained
by simultaneous replacement with balanced salt solution. During this procedure, an
undiluted vitreous “biopsy specimen” may be obtained for culture at the start of the

FIG 2 Fungal endophthalmitis from Scedosporium. Note the “clumped” appearance of the intraocular
inflammation. (Republished from reference 66 with permission of Springer.)
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A B Vitrector Cannula
removing infusing
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Vitreous aspirate Vitrectomy

FIG 3 Vitreous sampling by needle aspirate (A) or vitrectomy (B).

case. The remaining vitreous sample is diluted by the continuously infused balanced
salt solution, and these collected vitreous “washings” are also sent for culture. Micro-
biology laboratories of eye specialty hospitals generally handle these specimens in the
following way: (i) a 5-ml sample of washings is centrifuged, and the resulting pellet is
used for Gram and calcofluor staining, and (ii) the rest of the washings (50 to 100 ml)
are sterilely vacuum filtered through a 0.45-um filter, and the filter paper is then
divided and placed on agar plates for culture.

Gram stains of intraocular fluids are positive in approximately 50% of bacterial
endophthalmitis cases. Caution must be exercised to avoid mistaking pigment granules
for Gram-positive cocci (Fig. 4a), although pigment granules are hyperrefractile (Fig. 4b)
and typically much larger than cocci or are football shaped. Pigment granules are
melanin granules that may be released from the iris pigment epithelium or retinal
pigment epithelium during intraocular inflammation.

Cultures are positive in approximately 90% of vitrectomy specimens, 50 to 70% of
vitreous aspirates, and 40% of aqueous aspirates. Aqueous aspirates usually have
higher yields in endophthalmitis cases in which inflammation is greatest in the aque-
ous, such as cases secondary to corneal infection.

Molecular Diagnostic Techniques

PCR testing of intraocular fluids has the potential to rapidly identify pathogens in
endophthalmitis cases, including culture-negative cases. However, currently PCR test-
ing for bacteria or fungi in aqueous or vitreous samples is available mainly in research
laboratories. Several types of PCR assays have been applied to intraocular fluids in
endophthalmitis (29). The pan-bacterial conventional PCR technique can take 2 to 3
days and involves amplification of the bacterial 16S rRNA gene followed by sequencing
of the amplified DNA. Pan-bacterial real-time PCR combines PCR amplification of target
DNA with simultaneous detection of the amplified PCR products; this shortens the
turnaround time. Multiplex real-time PCR increases the cost-effectiveness of the testing
and allows simultaneous detection of multiple DNA targets in a single reaction.
Quantitative real-time PCR can increase specificity for endophthalmitis by defining a
cutoff threshold, below which contamination rather than true infection is likely. Use of
PCR for endophthalmitis diagnosis was initially reported in 1994 (30) and most studies
since then have used conventional PCR. Chiquet and colleagues note that PCR and
conventional culture methods are actually complementary (29). They found that the
sensitivity of pan-bacterial PCR of 100 specimens from acute postcataract endophthal-
mitis cases was similar to that of culture, but combining the two techniques allowed
identification of bacterial species in 87% of cases, including 25% of cases with negative
cultures (31). Most PCR studies of endophthalmitis have focused on bacterial patho-
gens, but fungi may also be detected by targeting the common ribosomal 185/28S DNA
sequence.

Recently, another molecular method, with the acronym BRiSK (biome representa-
tional in silico karyotyping) has been applied by the Van Gelder laboratory to identify
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FIG 4 Gram stain of an intraocular sample demonstrating abundant pigment granules but no organisms.
Pigment granules usually appear purple on Gram stain (a) and can be mistaken for Gram-positive cocci
unless the fine-focus knob is rotated back and forth, which shows the hyperrefractile (coppery) color of
the pigment granules (b).

any DNA-based microbe in a sample (32). This technique isolates a 33-base-pair (bp)
sequence from every 4,000 bp of the starting DNA in a sample, sequences these 33-bp
“tags,” and compares the tags to a large database (GenBank, National Center for
Biotechnology Information) of all known DNA sequences. The BRiSK technique was
applied along with culture and 16S PCR to intraocular samples from 21 postprocedural
endophthalmitis cases (14 culture positive) and 7 controls in one study (33). Control
cases were negative for bacteria by all 3 methods. Of culture-positive endophthalmitis
cases, PCR and BRiSK identified the same or a similar species as culture in 71% but
were falsely negative in 29%. Of the 7 culture-negative cases, 2 were positive for
bacteria by BRiSK but negative by PCR. Of interest, BRiSK identified a small DNA
virus, torque teno virus (TTV), in 57% of the culture-positive and 100% of the
culture-negative endophthalmitis cases but none of the controls. The significance
of this finding is unknown, and this virus appears to be ubiquitous in the general
population. A study from Russia found that 94% of healthy individuals had 1,000
TTV genome copies per 1 ml of blood (34).

POSTOPERATIVE ENDOPHTHALMITIS
Acute Postcataract Endophthalmitis

Acute postcataract endophthalmitis is the major type of endophthalmitis seen
worldwide. Most cases are bacterial, and approximately 75% present within 1 week
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postoperatively. Patients complain of decreased vision (95% of cases), red eye (80%),
and eye pain (75%) (35). Fever is absent. The source of infection in most cases is the
patient’s resident ocular surface or lid skin flora, as demonstrated by several studies. A
study of 105 patients with coagulase-negative staphylococcal postcataract endophthal-
mitis found that intraocular isolates were identical to simultaneous lid skin isolates in
68% of cases (36). In a study from Australia of 98 patients undergoing cataract surgery,
one patient developed postoperative Staphylococcus epidermidis endophthalmitis, and
the isolate was identical to the patient’s preoperative conjunctival isolate by pulsed-
field gel electrophoresis (37). Occasionally a contaminated solution or material used
during surgery is the source of pathogens, as in a recent outbreak of postoperative
Fusarium oxysporum endophthalmitis following use of contaminated viscoelastic ma-
terial (38).

Approximately 30% of postcataract endophthalmitis cases are culture negative. Of
culture-positive cases, Gram-positive cocci comprise approximately 95% of isolates,
with coagulase-negative staphylococci the primary pathogens (70% of cases) (35).
Other pathogens include Staphylococcus aureus (10%), streptococci (9%), mixed Gram-
positive bacteria (5%), and Gram-negative bacilli (6%). Fungal postoperative endoph-
thalmitis is rare except in tropical regions such as India, where 10 to 20% of cases are
due to fungi (39, 40).

The treatment of acute postoperative endophthalmitis includes the intravitreal
injection of antibiotics, with a vitrectomy performed first in severe or rapidly worsening
cases. Both vancomycin and ceftazidime are injected empirically for suspected bacterial
cases. In patients allergic to ceftazidime or cases known to be due to ceftazidime-
resistant Gram-negative bacilli, amikacin may be injected instead of ceftazidime, al-
though intravitreal aminoglyocosides are otherwise avoided because of the known but
very rare complication of macular infarction. If the eye fails to improve or worsens over
the first 48 h, a second injection of antibiotics may be performed, usually in conjunction
with a vitrectomy if this procedure was not performed on admission. Performing a
vitrectomy on admission improves visual outcomes in eyes with severe inflammation.
This was demonstrated in the Endophthalmitis Vitrectomy Study (EVS), a large prospective
trial published in 1995. In the EVS, patients were randomized to receive vitrectomy plus
intravitreal antibiotics on presentation (vitrectomy cohort) or only intravitreal antibiotics
(tap/biopsy cohort) (35). Patients with the worst vision (light perception only) did best if
treated with immediate vitrectomy: 20% of the vitrectomy cohort were left with severe
vision loss versus 47% of the tap/biopsy cohort. Vitrectomy also helps to clear the infection
rapidly. Approximately 10% of patients in the EVS required a second procedure during the
first week, usually for ongoing inflammation, and cultures were still positive in 71% of the
tap/biopsy cohort but only 13% of the vitrectomy cohort (41).

Systemic antibiotics alone are not effective in treating bacterial endophthalmitis,
and their value as adjunctive therapy (in addition to intravitreal antibiotics and vitrec-
tomy) in postoperative and other types of exogenous bacterial endophthalmitis is
unknown. The EVS attempted to answer this question by randomizing patients with
postcataract endophthalmitis to receive intravenous (i.v.) antibiotics or not. Unfortu-
nately, the antibiotics chosen in the EVS, i.v. amikacin plus ceftazidime, have minimal
activity against staphylococci, the bacteria responsible for 80% of culture-positive cases
in the study. In addition, systemic amikacin does not penetrate the blood-eye barrier.
Therefore, the only conclusion one can draw from the EVS is that systemic amikacin and
ceftazidime did not provide benefit. Whether antibiotics that treat the majority of
endophthalmitis pathogens and achieve good intraocular levels would be beneficial as
adjunctive therapy remains unknown. No other randomized prospective study has
been performed since the EVS to address this question.

Chronic Postcataract Endophthalmitis

Chronic postcataract endophthalmitis is rare, and most cases are due to fungi or
indolent bacteria such as Propionibacterium acnes. Diagnosis should be suspected in
patients with persistent inflammation postoperatively or in a patient misdiagnosed
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with “uveitis” postoperatively even if onset of inflammation is weeks later. A pattern of
apparent response to topical corticosteroids followed by relapse each time corticoste-
roids are tapered is common, particularly in chronic bacterial postcataract endophthal-
mitis. A clue to diagnosis in chronic fungal endophthalmitis is the “clumped” appear-
ance of the intraocular inflammation, while a clue to chronic P. acnes endophthalmitis
is the presence of a white plaque on the posterior lens capsule. Diagnosis by needle
aspirate alone is often negative, and vitrectomy may be required. In P. acnes endoph-
thalmitis, aspirate of the white capsular plaque is often the sample most likely to yield
a positive culture.

Treatment of postcataract fungal endophthalmitis nearly always requires removal of
the IOL in addition to an intraocular injection of an antifungal agent (either ampho-
tericin or voriconazole), vitrectomy, and a systemic azole. For systemic therapy, flu-
conazole is given for susceptible Candida species and voriconazole for susceptible
molds and fluconazole-resistant but voriconazole-susceptible Candida species. Treat-
ment of chronic P. acnes endophthalmitis does not include systemic therapy but does
usually require a combination of intraocular antibiotic injections plus surgery (vitrec-
tomy, capsulectomy, and exchange or removal of the IOL), since intraocular injections
alone result in relapse in 70% of cases (42).

Postvitrectomy Endophthalmitis

Postvitrectomy endophthalmitis is less common than postcataract endophthalmitis,
but the microbiology is similar, with the majority of cases caused by coagulase-negative
staphylococci. Vitrectomies are performed for various retinal conditions (e.g., retinal
tears or detachment, vitreous hemorrhage), and most recent studies report an
incidence of endophthalmitis of 0.02 to 0.06% (43). Methods for diagnosing and
treating postvitrectomy endophthalmitis are the same as those for postcataract
endophthalmitis.

Postkeratoplasty Endophthalmitis

Postkeratoplasty endophthalmitis refers to endophthalmitis following corneal
transplant (keratoplasty). Endophthalmitis occurs in approximately 0.2% of kerato-
plasty cases in the acute postoperative period but in up to 0.7% if later cases are
included (44, 45). The microbiology varies; a study from the United Kingdom of
postkeratoplasty endophthalmitis, including cases developing long after surgery,
found that 31% of cases were due to fungi (mostly Candida) and the remainder due
to Pseudomonas, streptococci, staphylococci, and mycobacterial species (45). A
review of 31 culture-positive cases in the literature reported similar results, with
Candida causing 33% of cases, streptococci 27%, staphylococci 20%, enterococci
10%, and Pseudomonas 10% (46). The rim of the donor cornea, left over after the
central core is removed for transplantation, is often sent for surveillance culture, but
the value of doing this has been controversial. However, this information might be
important for Candida: an eye that receives a cornea whose donor rim culture
subsequently grows Candida has a 3% chance of developing Candida endophthal-
mitis (46). It is unknown whether such eyes should be treated prophylactically with
an antifungal agent or just followed closely by the ophthalmologist. Treatment of
postkeratoplasty endophthalmitis may require replacement of the infected cornea
in addition to intracameral (into the aqueous) and/or intravitreal antibiotics and
vitrectomy (as needed).

POSTINJECTION ENDOPHTHALMITIS

The use of intravitreal injections has rapidly increased since FDA approval of
anti-VEGF injections in 2004, as noted above. A study utilizing a Medicare database
reported that intravitreal injections increased from 83,000 in 2004 to 2.4 million in 2012
(47). Most injections involve use of anti-VEGF agents, given primarily for neovascular
age-related macular degeneration (AMD) but also given for diabetic retinopathy and
other indications. The risk of endophthalmitis is approximately 0.05% per injection (48),
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and since anti-VEGF injections are repeated at regular intervals (usually monthly) for
AMD, the risk is cumulative. Other types of intravitreal injections, such as corticosteroids
for inflammatory eye conditions, are also being used with increasing frequency. A
retrospective study based on a U.S. medical claims database found a higher rate of
endophthalmitis after corticosteroid than after anti-VEGF injections (0.13% versus
0.02%) (49), but this study has been questioned because it did not compare only
culture-positive cases (culture results were not available). Sterile inflammation mimick-
ing endophthalmitis may occur with higher frequency after corticosteroid than after
anti-VEGF injections.

Patients with postinjection endophthalmitis typically present within 5 days after the
injection, and the most common symptom is decreased vision. A British review of 47
patients with postinjection endophthalmitis found that 96% had decreased vision, 73%
had eye pain/photophobia, and 49% had eye redness (50). The microbiology of
postinjection endophthalmitis includes coagulase-negative staphylococci (65%), viri-
dans streptococci (30%), S. aureus (0 to 5%), and others (0 to 4%) (48, 50, 51). This is
similar to the microbiology of postcataract endophthalmitis except that the incidence
of viridans streptococci is over 3-fold higher than in postcataract endophthalmitis, and
this may be due to the fact that intravitreal injections are usually performed in the office
rather than the operating room and without the use of masks. Oral flora, including
viridans streptococci, may be aerosolized by speaking, and using masks or observing a
strict “no talking” policy during injections decreases the rate of streptococcal endoph-
thalmitis. A study of 25 centers in France that used masks for injections (some
performed in operating rooms) reported a very low (0.007%) incidence of endophthal-
mitis, with streptococci causing only 4% of cases (52). A center in the United States
decreased the postinjection endophthalmitis rate 2-fold (from 0.02% to 0.01%) and
endophthalmitis due to oral pathogens 7-fold (from 0.015% to 0.002%) by instituting a
no-talking policy during office-based injections (53).

Rarely, a postinjection endophthalmitis case may be part of an outbreak due to use
of contaminated solutions. The onset of symptoms is usually rapid in bacterial cases but
may be delayed in fungal cases. All 12 patients who developed streptococcal endoph-
thalmitis after injection of contaminated anti-VEGF solutions presented 1 to 6 days
postinjection, while 14 patients who developed Bipolaris hawaiiensis endophthalmitis
following injection of contaminated triamcinolone developed symptoms a median of
83 days later (54, 55). Outcomes in outbreaks are typically poor: an outbreak of
Escherichia coli and Citrobacter endophthalmitis related to a counterfeit anti-VEGF
solution left 14% of eyes blind (no light perception) (56).

Treatment of postinjection endophthalmitis is the same as for postoperative endo-
phthalmitis, described above, and visual outcomes depend partly on the pathogen:
streptococci are particularly virulent in the eye. A review of 197 cases reported in 43
publications found that very poor outcomes (=20/400 vision) were seen in 13% of
coagulase-negative staphylococcal cases and 31% of culture-negative cases but in 94%
of streptococcal cases (48).

POSTTRAUMATIC ENDOPHTHALMITIS

Penetrating eye trauma (open globe injury) occurs in 2 to 3.8/100,000 population in
the United States. Posttraumatic endophthalmitis occurs in 0.9 to 18% of adults and 5
to 54% of children with such injuries (57, 58). Risk factors include delay in treatment of
the eye trauma, rural setting of the injury, presence of an intraocular foreign body, lens
capsule disruption, and a lacerating injury rather than blunt trauma with globe rupture.
Endophthalmitis symptoms include decreased vision and eye pain. On examination, a
hypopyon and intraocular inflammation are usually seen, and an eye wound with
purulent drainage may sometimes be seen. Specific findings may suggest the patho-
gen. Bacillus infections are fulminant and sometimes associated with a ring corneal
abscess, while Clostridium endophthalmitis cases may have gas bubbles in the anterior
chamber and a green-brown hypopyon (59). Major causes of posttraumatic endoph-
thalmitis include coagulase-negative staphylococci, Bacillus species, streptococci, Gram-
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negative bacilli (e.g., Pseudomonas and Klebsiella), and fungi. Treatment includes re-
moval of any retained intraocular foreign object, intravitreal antibiotics, vitrectomy in
most cases, and often adjunctive topical and systemic antibiotics. Tetanus vaccine is
indicated after open globe injuries if the patient’s last vaccination was =5 years earlier.
Final visual acuity is variable and depends to a great extent on the pathogen, but one
multicenter study found that 41% of all cases achieved 20/40 or better, while 47% were
left with minimal (light perception only) or no vision (60).

BLEB-RELATED ENDOPHTHALMITIS

Bleb-related endophthalmitis usually occurs suddenly but months to years following
glaucoma surgery in which a “bleb” is created. A filtering bleb is a defect in the sclera
covered by conjunctiva that improves aqueous resorption into the systemic circulation.
However, following this surgery, only a thin barrier of conjunctiva separates the
aqueous from the outside world in the location of the bleb, and this carries an ongoing
risk of developing endophthalmitis. A large study from Japan reported an endophthal-
mitis risk of 1% over 5 years (61), and other studies have reported higher rates. Blebs
that are leaking (aqueous) increase the endophthalmitis risk by nearly 5-fold (61). An
infection of the bleb, or blebitis, often precedes endophthalmitis. Blebitis should be
promptly treated to prevent progression. Streptococci, primarily viridans streptococci
but also S. pneumoniae, are the pathogens in over one-third of bleb-related endoph-
thalmitis cases; other major pathogens include S. aureus, Haemophilus influenzae, and
enterococci. Treatment of endophthalmitis is with intracameral and/or intravitreal
antibiotic injections, vitrectomy in severe cases, plus topical antibiotics in most cases;
systemic antibiotics such as quinolones are also sometimes given as adjunctive therapy.
Visual outcome is poor for cases due to pathogens that are virulent in the eye, such as
enterococci and any type of streptococci.

KERATITIS-RELATED ENDOPHTHALMITIS

Keratitis means corneal infection, and most cases are treated with topical anti-
biotics. Progression to endophthalmitis is uncommon and usually occurs by exten-
sion of the infection through the cornea into the aqueous. A majority of cases of
keratitis-related endophthalmitis are due to molds. A series from Florida of nearly
10,000 keratitis cases found that only 0.5% progressed to endophthalmitis; fungal
keratitis (keratomycosis) was a significant risk factor for such progression (62). Over
half the endophthalmitis cases in that series were due to molds (53%), while
Gram-positive bacteria (27%) and Gram-negative bacilli (20%) comprised the re-
maining cases. A series from New Jersey reported a lower rate of fungal endoph-
thalmitis (17%), but this reflects the much lower incidence of keratomycosis in
colder, less humid climates (63). The risk of keratomycosis progressing to endoph-
thalmitis varies, but one center reported that 6% of Fusarium keratitis cases seen
during an outbreak developed endophthalmitis (64).

In cases of keratomycosis-related endophthalmitis, Fusarium and Aspergillus are the
most common etiologies (65). Keratomycosis may be difficult to diagnose, as
cultures of corneal scrapings may be falsely negative. The appearance of the corneal
infiltrate often suggests the diagnosis. Unlike bacteria, molds often produce corneal
infiltrates with fuzzy or feathery borders and satellite lesions (Fig. 5). Noninvasive
techniques such as optical coherence tomography can support the diagnosis of
keratomycosis. The finding of frond-like projections extending from the back of the
cornea into the aqueous, or of thick clumped material in the aqueous, is concerning
for keratomycosis-related endophthalmitis. Treatment of keratitis-related endoph-
thalmitis includes intracameral and/or intravitreal antibiotics, topical antibiotics,
adjunctive systemic antifungal antibiotics for keratomycosis-related cases, and
vitrectomy as needed. Corneal transplant to debulk the infection may be required,
particularly in cases due to molds.
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FIG 5 Endophthalmitis resulting from extension of Alternaria keratitis. Note the irregular borders of the
corneal infiltrate and satellite lesions, both typical of mold keratitis.

ENDOGENOUS ENDOPHTHALMITIS

Endogenous endophthalmitis, which results from bacteremic or fungemic seed-
ing of the eye, is rare. Only 5 to 15% of all endophthalmitis cases are endogenous
(66). The choroid is usually seeded first since it is highly vascular, and as a
consequence the intraocular infection usually starts in the posterior segment.
Bacterial cases typically present acutely and fungal cases subacutely. Only half of
the patients with endogenous endophthalmitis in one series had symptoms of an
underlying infection on presentation, and only 75% had positive blood cultures
(67). Infections commonly associated with endogenous endophthalmitis include
liver abscess, endocarditis, and urinary tract infection (67, 68). Blood cultures are
often positive in these cases but may be negative in cases due to transient
bacteremia or fungemia, such as those related to i.v. drug use (IVDU), an indwelling
central venous catheter, or an outpatient gastrointestinal procedure such as en-
doscopy or colonoscopy. The ophthalmologist must have a high index of suspicion
in these cases, as misdiagnosis (usually as uveitis) results in delay in therapy. The
risk of a hospitalized patient developing endophthalmitis from bacteremia or
fungemia appears to be low overall, with one U.S. study reporting an overall rate of
0.05% although a higher rate (0.4%) following fungemia than following bacteremia
(0.04%) (69). A higher endophthalmitis rate may also be seen in patients with K.
pneumoniae bacteremia associated with liver abscess, as seen in East Asian centers.

Endogenous Bacterial Endophthalmitis

Patients with endogenous bacterial endophthalmitis (EBE) usually present acutely,
and 90% complain of decreased vision, 50% have eye pain (50%), 35% have a hy-
popyon, and 33% have vitritis (70). Systemic symptoms may be absent, and one-half to
two-thirds of patients present first to an ophthalmologist (26, 67). Fever (37% of cases)
and flu-like symptoms (20%) were the most common systemic complaints in one series
(70). One-quarter to one-third of cases may have a delayed diagnosis; a 3-day delay in
diagnosis has been estimated (70). The pathogen is diagnosed by positive blood or
intraocular cultures, and common pathogens are S. aureus, streptococci (including
viridans streptococci, S. pneumoniae, and group A and B streptococci), and Gram-
negative bacilli such as Escherichia coli and K. pneumoniae. In East Asian nations, many
EBE cases are due to K. pneumoniae serotypes K1 and K2 and are associated with liver
abscesses.

Treatment includes systemic therapy for the underlying infection and intravitreal
antibiotics for the endophthalmitis. Vitrectomy is often indicated as well, due to the
virulence of the pathogens and the severe endophthalmitis these produce. Prognosis
is poor in the majority of cases. In a series of 75 EBE patients (89 eyes) treated between
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FIG 6 Endogenous Candida albicans endophthalmitis following illicit injection drug use. A vitreous
aspirate was culture negative, so a vitrectomy was performed, and this yielded the diagnosis. Note white
lesions overlying the retina, typical of endogenous fungal endophthalmitis.

2001 and 2012, only 41% of eyes recovered 20/200 vision or better, while 19% of eyes
were enucleated or eviscerated (70). Vitrectomy was associated with a better visual
prognosis and a lower rate of evisceration or enucleation.

Endogenous Fungal Endophthalmitis

Candida is the most common cause of endogenous fungal endophthalmitis (EFE).
The initial manifestation is usually chorioretinitis, manifested as fluffy white chorioreti-
nal lesions. This may be clinically silent, with symptoms developing only after devel-
opment of significant vitritis. Of note, Candida chorioretinitis is counted as a type of
endophthalmitis in some studies, while others distinguish chorioretinitis from endoph-
thalmitis, meaning cases with significant vitritis; the latter convention will be followed
here.

In patients with candidemia, the incidence of chorioretinitis is much higher than
that of endophthalmitis; a prospective trial of 370 patients with candidemia found
that 11% had chorioretinitis while only 1.6% had endophthalmitis (71). Because
ocular candidiasis may be clinically silent until late in the infection and because
many candidemic patients are too ill to relay visual symptoms, all patients with
candidemia should have a funduscopic examination. Risk factors for Candida cho-
rioretinitis and endophthalmitis reflect those for candidemia: central venous cath-
eters, total parenteral nutrition, broad-spectrum antibiotics, recent abdominal sur-
gery, neutropenia, and glucocorticoid therapy in inpatients and IVDU and recent
central venous catheters, including peripherally inserted central catheters (PICC
lines), in outpatients. Eye examination typically reveals fluffy white chorioretinal
lesions, and there may be overlying vitritis or extension into the vitreous (Fig. 6).
Fluff balls suspended in the vitreous may appear as a “string of pearls.” Diagnosis
is by blood or vitreous cultures. The diagnosis of EFE is based on eye findings rather
than vitreous cultures in most cases of documented candidemia. In outpatients,
blood cultures may be negative because candidemia was transient and occurred
days or weeks earlier; culture of intraocular fluids is required in these cases,
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including vitrectomy if initial aspirate cultures are negative. Candida albicans is the
predominant species of EFE, but all Candida species have been described.

Treatment of candidemia has been discussed in recent Infectious Disease Society
of America guidelines, which also discuss treatment of Candida chorioretinitis and
endophthalmitis (72). Treatment with systemic agents is usually adequate for cases
of chorioretinitis that do not have macula-threatening lesions. Macula-threatening
chorioretinitis and cases of endophthalmitis require intravitreal antifungal injec-
tions (amphotericin or voriconazole) in addition to systemic therapy. Endophthal-
mitis cases with significant vitritis usually require vitrectomy as well. For systemic
agents, fluconazole is recommended for fluconazole-susceptible Candida, voricona-
zole for fluconazole-resistant but voriconazole-susceptible isolates, and liposomal
ampbhotericin, with or without 5-flucytosine, for azole-resistant strains. Fluconazole
or voriconazole is preferred to amphotericin for susceptible isolates because azoles
are less toxic and produce higher levels in the vitreous. Voriconazole, for example,
achieves vitreous levels that are approximately 40% of serum levels even in
uninflamed eyes. Systemic echinocandins do not reach adequate concentrations in
the vitreous to treat endophthalmitis. Echinocandins may achieve reasonable levels
in the choroid, but their role in treating chorioretinitis alone is unknown because
there are few data in humans. One study measured micafungin levels in a patient
given i.v. micafungin prior to a scheduled enucleation and found reasonable levels
in the choroid (34% of plasma levels) but very poor levels in the retina or vitreous
(7% and 0.9% of plasma levels, respectively) (73).

Endogenous mold endophthalmitis is rare and seen primarily in immunocompro-
mised patients, such as patients with hematologic malignancies or transplant recipi-
ents, or patients with IVDU. Aspergillus and Fusarium are the major pathogens, although
Scedosporium and other fungi are also seen. Therapy includes systemic antifungal
therapy plus intravitreal amphotericin or voriconazole and usually vitrectomy.

VISUAL OUTCOMES AND MICROBIOLOGY

Some loss of vision is common after endophthalmitis, but the final visual acuity
usually cannot be determined for weeks to months later. Unless the eye has no light
perception, vision may improve once the acute inflammation has resolved. Any
vision is worth saving, so every effort should be made to save even light perception
vision.

Visual outcomes in endophthalmitis are related to a number of factors, including
presenting visual acuity and the promptness of appropriate therapy, but the
pathogen involved is a major factor in nearly all cases. In postcataract endophthal-
mitis, the EVS found that a “good” final visual acuity of 20/100 or better occurred
in approximately 80% of culture-negative or coagulase-negative staphylococcal
cases but in only 50% due to S. aureus, 30% due to streptococci (of any type), and
56% due to Gram-negative bacilli (86). Considering outcomes by pathogen regard-
less of endophthalmitis category, a group in Florida reported that very poor visual
acuity (20/400 or worse) occurred in 75% of cases due to streptococci (with no
difference in outcomes between viridans streptococci, S. pneumoniae, and beta-
hemolytic streptococci), 93% of enterococcal cases, 64% of Bacillus cases, 69% of H.
influenzae cases, 70% of Serratia cases, and 92% of Pseudomonas cases (74-79).
These cases were seen over a 10-year period at a tertiary eye hospital where the
most severe endophthalmitis cases are likely to be referred. However, there is hope
even in endophthalmitis cases due to bacteria associated with a poor visual
prognosis. Bacillus produces a fulminant endophthalmitis, but 18% of cases at that
eye hospital had a final acuity of 20/60 or better (76).

PREVENTION

There are almost no published randomized controlled trials evaluating the
efficacy of various proposed measures to prevent endophthalmitis, so the optimal
methods are largely unknown (80). Prophylaxis for eye surgery with topical
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povidone-iodine preoperatively and topical antibiotics postoperatively is routinely
given, but these measures have not been evaluated by a randomized controlled
trial. Intracameral antibiotics are being used with increasing frequency as prophy-
laxis for cataract surgery. A randomized controlled trial in Europe found that
intracameral cefuroxime prophylaxis at the end of cataract surgery was associated
with a postoperative endophthalmitis rate of 0.06%, versus 0.3% in control eyes
(81). However, the study results were questioned in the United States because the
control group’s endophthalmitis rate was approximately 3-fold higher than that
seen at most U.S. centers. Rare cases of anaphylaxis to prophylactic intracameral
cefuroxime have been reported (82), and use of prophylactic intracameral vanco-
mycin has been associated with a rare but devastating complication of hemorrhagic
occlusive retinal vasculitis (83, 84). For decreasing the risk of postinjection endo-
phthalmitis, many centers have adopted the use of masks or observing a strict
no-talking policy during injections. For patients presenting with penetrating eye
trauma, prompt surgical repair and 48 h of prophylactic broad-spectrum systemic
antibiotics (e.g., i.v. vancomycin plus ceftazidime) have been associated with a very
low rate of posttraumatic endophthalmitis (57). Patients who have filtering blebs for
glaucoma should be treated for blebitis without delay in order to prevent this
relatively minor infection from leading to bleb-related endophthalmitis. | also
recommend that patients with filtering blebs receive pneumococcal vaccination
(80, 85). Endogenous bacterial endophthalmitis cannot usually be anticipated or
prevented, but some cases of endogenous Candida endophthalmitis can be pre-
vented by screening all candidemic patients with funduscopic examinations.

CONCLUSION

Endophthalmitis is a severe eye infection that requires rapid diagnosis and
treatment to save vision. Endophthalmitis may occur from pathogens introduced
into the eye from an external source (exogenous endophthalmitis) or via the
bloodstream (endogenous endophthalmitis). Most cases of exogenous endophthal-
mitis occur as a complication of cataract surgery, an intravitreal injection, or
penetrating ocular trauma. Endogenous endophthalmitis may develop as a result of
metastatic spread of an extraocular focus of infection, such as endocarditis or a liver
abscess, or from transient bacteremia or fungemia related to illicit injection drug
use or an indwelling central venous catheter. Nearly all patients present with
decreased vision, and some also have eye pain. A hypopyon and intraocular
inflammation are typical findings on eye examination. Diagnosis is clinical, sup-
ported by cultures of vitreous and/or aqueous or also by blood cultures in endog-
enous cases. Newer diagnostic techniques such as PCR offer the promise of rapid
identification of intraocular pathogens, including in culture-negative cases. Prompt
treatment with intravitreal antibiotics is essential; some cases also benefit from a
surgical vitrectomy. The visual outcome depends partly on the pathogen. Cases due
to coagulase-negative staphylococci usually recover good vision, while half or more
of the eyes infected with streptococci (of any type), S. aureus, or Gram-negative
bacilli are left with poor vision. Few randomized controlled trials have been
performed to determine the most effective ways to prevent endophthalmitis, and
more such trials are needed.
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