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SUMMARY

Endophthalmitis remains a rare but serious cause of visual loss. Over time, changes have been
noted in endophthalmitis in terms of predominant causes, infecting organisms, and antibiotic
susceptibilities. There is controversy regarding the use of intracameral prophylactic antimicrobials
during cataract surgery. Alternatively, there appears to be increasing evidence against using
routine topical antibiotics for intravitreal injections. There are also increasing reports of multidrug-
resistant organisms causing endophthalmitis, but the combination of vancomycin and ceftazidime
appears effective for the vast majority of cases. Future trends may involve increasing utilization of
polymerase chain reaction for diagnosis, and possibly office-based pars plana vitrectomy for
treatment of endophthalmitis.
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Endophthalmitis, characterized by marked inflammation of intraocular tissues and fluids,
remains a rare but potentially serious cause of visual loss. Outcomes may be poor, even with
prompt diagnosis and treatment. Endophthalmitis may be classified by the cause of the
infection, the timing of signs and symptoms, and other predisposing factors (Table) [1]. This
classification helps predict the most likely causative organisms and guides treatment
decisions.

Over the past few years, there has been new information related to causes, predisposing
factors, treatment, and prevention of endophthalmitis. In addition, two particular clinical
situations have assumed increasing importance in recent years. First, the marked increase in
the use of office-based intravitreal injections has resulted in a corresponding increase in
endophthalmitis following these injections. And second, some surgeons, especially in
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Europe, are using intracameral antibiotics after cataract surgery in an attempt to reduce rates
of endophthalmitis, which remains controversial in the US.

Endophthalmitis After Pars Plana Vitrectomy (PPV) and Intravitreal

Injections

There appears to be some evolution in terms of which categories of endophthalmitis are
most prevalent. Acute-onset postoperative endophthalmitis, which occurs within 6 weeks of
intraocular surgery, has traditionally been considered the major category (Figure 1). This
category has predominantly consisted of infections following cataract surgery, but the
increasing use of pars plana vitrectomy (PPV) has drawn increasing attention to post-PPV
endophthalmitis, which may be quite severe [2]. Notably, a systematic review reported no
difference in endophthalmitis rates between patients treated with 23- or 25-gauge surgery
versus 20-gauge surgery [3].

Similarly, the increasing use of intravitreal injectable pharmacotherapy has led to increasing
numbers of patients with post-injection endophthalmitis. One 2014 single-center series
reported that the primary cause of endophthalmitis in that institution changed from post-
surgical in 2003 to post-injection in 2010 [4]. There is growing understanding of the
additional risks posed by the use of off-label medications and surgical adjuncts prepared by
compounding pharmacies, with several recent reported series, including Streptococcus mitis/
oralis endophthalmitis following injection of bevacziumab (Avastin, Genentech, South San
Francisco, CA) [5], Bipolaris hawaiiensis endophthalmitis following injection of
triamcinolone [6], Bipolaris hawaiiensis endophthalmitis following injection of combined
bevacizumab and triamcinolone [7], and Fusarium incarnatum-equiseti species complex
endophthalmitis following the use of Brilliant Blue G dye during PPV [8].

Changes in Microbiology and Antibiotic Susceptibilities

There also appear to be changes over time with respect to the relative prevalence of various
infecting organisms and their antimicrobial susceptibilities. A single-center review reported
an increase in Gram-negative endophthalmitis, but a decrease in fungal endophthalmitis,
from 1999 through 2013 [9]. Klebsiella pneumoniae appears to be increasing in prevalence
and incidence as a cause of endogenous endophthalmitis, especially in Asia [10]. Further,
Klebsiella endophthalmitis may be associated with poor outcomes, including high rates of
enucleation and evisceration [11].

Antibiotic susceptibilities may also change over time. A single-center review of 911 eyes
over 25 years reported a trend toward increasing resistance to methicillin and
cephalosporins, but decreasing resistance to aminoglycosides and imipenem [12]. Another
single-center review of 63 eyes with streptococcal endophthalmitis over 11 years reported
increasing minimal inhibitory concentrations for ceftriaxone and levofloxacin over time,
suggesting increasing resistance to these agents [13].

The use of polymerase chain reaction (PCR) may allow faster and/or more accurate
diagnosis of infecting organisms [14-16]. For example, PCR has been reported to identify
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Prevotella species [17], Mycobacterium abscessus [18], Curvularia lunata [19]and
Eschericia fergusonii [20], as well as multiple cases of post-filtering bleb endophthalmitis
[21].

Newer Approaches to Endophthalmitis Prevention

Endophthalmitis probably cannot be completely prevented, regardless of prophylaxis
methods. The rates and major risk factors for endophthalmitis are well documented. For
example, the reported incidence of acute-onset postoperative endophthalmitis following
cataract surgery is in the range of 0.028% [22,23]. The incidence of post-intravitreal
injection endophthalmitis has been estimated at about 1 in 3000 injections of anti-vascular
endothelial growth factor (VEGF) agents, but perhaps slightly higher with intravitreal
corticosteroids [24].

The preferred method of reducing the incidence of endophthalmitis remains undetermined.
In 2007, the European Society of Cataract and Refractive Surgeons reported that
intracameral cefuroxime at the conclusion of cataract surgery was associated with a
significantly decreased rate of acute-onset postoperative endophthalmitis [25]. A 2013
follow-up to this study reported zero cases of endophthalmitis in 13,390 cataract surgeries
using intracameral cefuroxime [26]. Despite these reports, there remains no consensus on
the use of intracameral antibiotics for cataract surgery, and in fact the ESCRS guidelines are
not universally followed even in Europe [27]. Intracameral antibiotics are not without risk,
and anaphylaxis has been reported following the use of intracameral cefuroxime [28].
Notably, a Cochrane systematic review, which included the original ESCRS study,
concluded: “it is unlikely that additional clinical trials will be conducted to evaluate
currently available prophylaxis” and advised surgeons to “rely on current evidence to make
informed decisions regarding prophylaxis choices [29].”

Approaches vary from center to center, and favorable results have been reported with the use
of intracameral moxifloxacin [30,31] and with vancomycin and gentamicin in the irrigating
solution [32]. Alternatively, a 2014 case-control study reported that the rate of post-cataract
surgery endophthalmitis was significantly reduced with the use of postoperative topical
fluoroquinolones and increased with the use of topical timolol at the end of the procedure
[33].

Similarly, there is no consensus regarding risk reduction with other procedures. Pretreatment
with antibiotics has been reported ineffective in reducing the rates of post-PPV
endophthalmitis [34]. Further, there is mounting evidence that routine topical antibiotics
following intravitreal injections are not beneficial and may in fact be harmful [35], perhaps
by altering normal conjunctival flora [36]. Povidone-iodine antisepsis, rather than
antibiotics, are preferred in this situation [37].

In large retrospective studies including all categories, post-traumatic endophthalmitis was
less common than most other categories of endophthalmitis [38]. A series of 108 patients
with retained intraocular foreign bodies reported endophthalmitis on presentation in 6.4%
[39]. Because of the infrequency of these cases, it may be relatively more difficult to design
clinical trials to study this category. Nevertheless, a randomized clinical trial of 346
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penetrating eye injuries compared the use of intracameral or intravitreal gentamicin and
clindamycin versus balanced salt solution and reported a significant decrease in rates of
endophthalmitis among the subgroup of patients with retained intraocular foreign bodies that
received intraocular antibiotics [40]. A more recent randomized clinical trial of patients with
similar injuries reported no significant increase in endophthalmitis with the use of
intravitreal injection of balanced salt solution during the primary repair [41].

Newer Approaches to Endophthalmitis Treatment

The Endophthalmitis Vitrectomy Study (EVS) results were first reported in 1995 [42] and,
in general, these guidelines are generally followed today [43], with important caveats. The
EVS only recruited patients with acute-onset postoperative endophthalmitis following
cataract surgery or secondary intraocular lens implantation. Therefore, these results are not
necessarily applicable to other categories of endophthalmitis.

It may not be medically practical to perform “immediate” PPV (defined by the EVS as
within 6 hours of presentation) in patients reported to benefit from this treatment. Prompt tap
and inject, followed by close observation and subsequent PPV, has been reported as an
alternative [44]. Also, the EVS reported no difference in outcomes with or without the use of
systemic amikacin and ceftazidime. However, systemic gatifloxacin [45] and moxifloxacin
[46] have been reported to achieve intraocular drug levels even in the noninflamed eye.
However, systemic gatifloxacin is no longer available because of associated risks of
dysglycemia [47].

Of note, in the EVS, 10 patients developed endophthalmitis despite the use of antibiotics in
the irrigating solution. The exact drugs were not reported, but this study was the first report
of endophthalmitis developing in this clinical setting [48].

Corticosteroids have a theoretical role in reducing inflammation-related ocular damage
associated with endophthalmitis. All patients enrolled in the EVS were treated with systemic
corticosteroids, which are infrequently used today in this context. The use of intravitreal
corticosteroids in the initial treatment of acute-onset postoperative endophthalmitis is
somewhat controversial but has many potential benefits. Various animal models of bacterial
endophthalmitis have reported improved outcomes with the use of intravitreal
dexamethasone in addition to intravitreal antibiotics alone [49,50], although other studies
have not shown a benefit [51]. In a pilot series of 5 patients with endophthalmitis, the use of
intravitreal triamcinolone acetonide 48—72 hours after initial treatment with antibiotics (and
confirmation that isolates were sensitive to the antibiotics used) was associated with
favorable clinical outcomes [52].

Most surgeons are still using empiric broad-spectrum combination therapy, which generally
is very effective. Pharmacokinetic data on antibiotics inside the eye are relatively limited,
but decades of empirical experience have led to the common use of vancomycin and a third-
generation cephalosporin, typically ceftazidime or ceftriaxone. In a US single-center 10-year
review of endophthalmitis isolates, no single agent would have provided effective treatment
for all isolated microbes, although vancomycin provided 100% coverage for Gram-positive
organisms and both ceftazidime and levofloxacin provided 100% coverage for Gram-
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negative organisms during this time period [53]. However, acute-onset postoperative
endophthalmitis with multidrug-resistant organisms does occur rarely [54-56]. Alternative
intravitreal agents, such as moxifloxacin [57] and imipenem [58], have been reported useful
in these situations.

Antibiotic resistance remains an important clinical challenge. A review of microbiological
records of 111 coagulase-negative staphylococci isolates recovered over 15 years in a single
center reported increasing resistance to fluoroquinolones. During this time frame,
susceptibility to gatifloxacin and moxifloxacin declined from 96.6% to 65.4% [59].

Newer approaches might involve the use of encapsulated antimicrobials to improve ocular
penetration and/or duration of effect. Intravitreal liposomal amphotericin B has been
reported effective in the treatment of Candida endophthalmitis [60], but this approach has
not been widely adapted. Nanoparticles loaded with daptomycin have been formulated as a
potential topical therapy for bacterial endophthalmitis [61], but again this approach has not
been reported clinically at this time. An investigational foldable capsular vitreous body
loaded with levofloxacin was investigated in a rabbit model [62], but not in clinical
management.

EXPERT COMMENTARY

Almost 20 years after the first publication of the EVS results, in general the investigators’
recommendations remain relevant today. However, uncertainties remain as to the optimal
management of many patients with endophthalmitis. The relative frequencies of certain
categories of endophthalmitis, such as following intravitreal injections and PPV, appear to
be increasing. In addition, even within the same category of endophthalmitis, there may be
changes in the relative frequencies of various causative organisms. PCR may offer faster
diagnosis than traditional culture techniques. As case reports and small case series reporting
the benefits of PCR accumulate, interest in this diagnostic technique continues to increase.
Nevertheless, the benefits of PCR will have to be balanced against increased costs and the
need for specialized equipment and support staff, which is available only in major centers.
For these reasons, traditional culture techniques will likely remain standard practice for the
near and intermediate terms.

Similarly, increasing reports of multidrug-resistant organisms suggest a rationale for further
clinical research on alternative intravitreal antibiotics, including fluoroquinolones and
imipenem. However, it is noted that a 10-year series from a large US eye hospital reported
that 100% of bacterial isolates were susceptible to the combination of vancomycin and
ceftazidime [53]. Therefore, it appears that this combination is still appropriate as empiric
first-line therapy in patients with presumed bacterial infections. In general, the authors
typically use intravitreal dexamethasone at the time of initial treatment in patients with
acute-onset postoperative endophthalmitis judged likely to be caused by bacteria.

FIVE-YEAR VIEW

In spite of the reported dramatic reductions in endophthalmitis rates associated with the use
of intracameral antibiotics during cataract surgery, using either ESCRS or other protocols,
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many surgeons have not adapted prophylactic intracameral antimicrobials. Because of the
difficulties associated with designing another randomized clinical trial enrolling a sufficient
number of patients, it seems more likely that a preferred technique will evolve gradually, as
centers from around the world report results with differing strategies. There is more of a
rationale to use prophylactic antibiotics during a “one-time” procedure, such as cataract
surgery or PPV, than there is for intravitreal injection, which is often repeated at regular
intervals for months or for years.

The potential impact of in-office PPV also bears consideration. Office-based small-gauge
PPV has been reported to be effective for select patients [63], and recent advances in
instrumentation appear to make this technique more viable at present [64], although there
have been no randomized clinical trials regarding this technique. To our knowledge, office-
based 3-port PPV in the treatment of endophthalmitis has not been reported. This approach
may be beneficial in remote offices and locations physically distant from specialized
vitrectomy equipment, but at this time it remains more of a theoretical concept than a viable
clinical option.
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KEY ISSUES
Endophthalmitis remains an important cause of ocular morbidity

Due to changing practice patterns, endophthalmitis following PPV and
intravitreal injections are increasingly encountered

There is controversy in the use of intracameral antibiotics during cataract
surgery, and there remains no consensus regarding their use

There is increasing evidence in support of PCR for faster and/or more accurate
isolation of microorganisms, although there remains no consensus regarding its
use

At this time, the results of the EVS remain broadly applicable to patients with
acute-onset endophthalmitis after cataract surgery

Future research may focus on alternative intravitreal antimicrobials and the
possible use of office-based PPV in the treatment of endophthalmitis
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Figure 1.
1A. External photograph, right eye. A 73-year-old man presented with endophthalmitis

following complicated cataract surgery. Visual acuity was light perception. The patient was
treated with immediate pars plana vitrectomy and injection of intravitreal vancomycin,
ceftazidime, and dexamethasone. Vitreous cultures were positive for coagulase-negative
staphylococcus.

1B. External photograph, right eye. Following successful treatment, visual acuity 5 months
after presentation was 20/50, limited by chronic cystoid macular edema. Note the distortion
of the iris and the anterior chamber intraocular lens present.
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Categories of endophthalmitis

TABLE

Category

Acute-onset postoperative

Delayed-onset (chronic) postoperative

Post-glaucoma filtering bleb

Post-traumatic

Endogenous

Post-microbial keratitis

Post-intravitreal injection

Common Organisms
Coagulase-negative staphylococci
Saphylococcus aureus
Streptococcus spp.
Gram-negative organisms
Propionobacterium acnes
Coagulase-negative staphylococci
Candida parapsilosis and other fungi
Haemophilusinfluenza
Sreptococcus spp.
Saphylococcus spp.

Bacillus cereus

Saphylococcus spp.
Sreptococcus spp.

Candida albicans

Aspergillus spp.

Saphylococcus aureus
Gram-negative organisms
Gram-negative organisms
Saphylococcus aureus

Fusarium spp.
Coagulase-negative staphylococci

Streptococcus spp.
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Adapted from Schwartz SG, Flynn HW Jr, Scott IU. Endophthalmitis: classification and current management. Expert Rev. Ophthalmol. 2(3):385-

396 (2007) [1].
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