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ABSTRACT

Endophthalmitis is a sight-threatening condi-
tion, and its timely and appropriate manage-
ment is essential in preventing permanent
vision loss. Recent changes in clinical practice
in endophthalmitis and advances in modern
vitreoretinal surgery may limit the applicability
of established randomised clinical trial evidence
to current management. This review discusses
the epidemiology, pathophysiology, changing
patient presentation, diagnosis and advances in
the management of endophthalmitis, present-
ing the existing literature on this topic and
results from Sydney Eye Hospital.
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Key Summary Points

Micro-incision vitrectomy surgery (MIVS)
has changed the way the Early Vitrectomy
Study (EVS) should be interpreted in
current practice.

Increased use of intravitreal injections and
improved practices in cataract surgery
have changed the common pathogens
encountered in endophthalmitis.

Modifications in vitrectomy techniques in
the context of poor visualisation can
improve the safety of the procedure.

DIGITAL FEATURES

This article is published with digital features,
including a video, to facilitate understanding of
the article. To view digital features for this
article, go to https://doi.org/10.6084/m9.
figshare.16699714.

INTRODUCTION

Endophthalmitis—defined as inflammation of
the intraocular tissues and fluids—is a sight-
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threatening condition, and potentially results
in loss of the eye. Permanent sight loss in
endophthalmitis may occur by a number of
mechanisms, including exposure to bacterial
toxins, vascular occlusion, retinal necrosis and
detachment. However, prompt treatment in the
absence of significant structural and morpho-
logical damage can result in good clinical out-
comes, even in the long term [1].

The role of surgical washout (in the form of
vitrectomy) of the intraocular compartment in
endophthalmitis remains controversial. The
Early Vitrectomy Study (EVS), published in
1995, is the only large-scale prospective ran-
domised controlled trial (RCT) comparing pars
plana vitrectomy (PPV) to intravitreal injection
of antibiotics in the management of acute (i.e.
within 6 weeks of the inciting procedure) post-
operative endophthalmitis [2]. Although it has
strongly guided management, significant evo-
lution in clinical practice has occurred since its
publications. This includes changes in the
spectrum of causative organisms of acute
endophthalmitis and the ophthalmic proce-
dures which are now commonly performed;
improvements in surgical techniques, including
the development of small-gauge micro-incision
vitrectomy surgery (MIVS); and the widespread
availability of fourth-generation fluoro-
quinolones. These developments may account
for deviations in current practice patterns from
the recommendations of the EVS. In this review,
we consider newer evidence in the diagnosis
and management of endophthalmitis. All data
presented in this article were gathered following
approval from the local research ethics
committee.

CLASSIFICATION

Endophthalmitis may be classified by the mode
of inoculation into (i) exogenous endoph-
thalmitis, in which the pathogen is introduced
directly into the eye (e.g. post-trauma or sur-
gery), or (ii) endogenous endophthalmitis, in
which the pathogen gains access internally (e.g.
via the haematogenous spread of mycotic
emboli). Post-operative endophthalmitis can be
further classified as acute, defined by onset

within 6 weeks post-operatively, or chronic,
where onset occurs 6 or more weeks after
surgery.

DIAGNOSIS

Endophthalmitis is a clinical diagnosis, which
may be supported by ancillary investigations.
Symptoms include redness, pain, reduced
vision, watering or mucopurulent discharge,
ocular and periocular swelling and hypopyon.
Diagnosis is supported by microscopy, culture
and sensitivity (MC&S), and more recently by
pan-bacterial polymerase chain reaction (PCR)
techniques (e.g. through amplification of con-
served regions encoding the microbial 16S
ribosomal subunit). Collection of anterior
chamber and vitreous samples, either with a
vitrector in a PPV, or with a needle in a ‘tap and
inject’ setting, should ideally precede the
administration of intravitreal antibiotics, and
the samples delivered to a forewarned microbi-
ologist for gram stain, culture and microbial
sensitivity testing [3]. However, in settings
where a ‘dry’ vitreous tap is obtained, antibiotic
injection should not be deferred to obtain a
sample. Considering the rapid doubling times
of bacteria within the intraocular compartment,
delays in administering antimicrobial therapy
may have devastating consequences. Further-
more, newer detection methods such as PCR do
not require viable organisms to return a ‘posi-
tive’ sample. Therefore, they will frequently
remain positive despite the administration of
antibiotics (70% vs 9% for culture) [4].

INCIDENCE AND RISK FACTORS

The incidence of endophthalmitis depends on
the mode of inoculation. The most recent
reports suggest an incidence of between 1/2000
to 1/3333 [5] following cataract surgery. The
European Society of Cataract and Refractive
Surgeons (ESCRS) study found that clear corneal
incision, silicone intraocular lens implants
(IOLs) and surgical complications (e.g. rupture
of the lens capsule) significantly increased the
risk of endophthalmitis. In contrast, the use of
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intracameral cefuroxime significantly reduced
its risk [6].

Post-intravitreal injection (IVI) endoph-
thalmitis has an incidence of about 1/3000 [7].
Risk factors include advanced age, diabetes
mellitus, blepharitis and poor patient coopera-
tion during injection [7].

The reported rates of bleb-related endoph-
thalmitis vary from 1.3%/patient/year for
superior blebs to 7.8%/patient/year for inferior
blebs [8–10]. Risk factors include the use of anti-
fibrotic agents, chronic bleb leak, a thin avas-
cular bleb, bleb manipulation, bacterial con-
junctivitis, blepharitis, accidental trauma,
epithelial drying, young age and male sex
[11–15].

The incidence of endophthalmitis post-PPV
is low, though there is a large spread in the
reported incidence (1/1000 to 1/5000) [5]. The
removal of vitreous as a growth medium for
bacteria contributes to the low rates of PPV-re-
lated endophthalmitis.

Measures taken to reduce the risk of post-
operative endophthalmitis include manage-
ment of ocular surface disease before surgery,
including blepharitis, which is associated with
increased ocular surface microbial load, the
application of povidone-iodine 5–10% to the
cornea, conjunctival sac and periocular surface
for 3 min before surgery, the use of face masks
and meticulous sterilisation of instruments.

CAUSATIVE ORGANISMS

The causative organisms in endophthalmitis are
a function of the mode of inoculation, geo-
graphical location and local practices. The most
commonly cultured organisms from vitreous
samples from eyes with acute endophthalmitis
post-cataract surgery are gram-positive bacteria.
[24–26] Staphylococcus epidermidis is the
commonest causative organism in the Western
Hemisphere.

Virulence factors of the causative pathogen,
such as motility, enzyme production (e.g.
pneumolysin) and biofilm production, influ-
ence the clinical course. The EVS found signifi-
cant differences between bacterial species with
regard to virulence and final visual acuity (VA)

outcomes [2]. Studies have demonstrated that
negative cultures, Staphylococcus spp. and post-
cataract surgery endophthalmitis are associated
with more favourable visual outcomes [16, 17].
Endophthalmitis following other intraocular
procedures generally has poorer visual out-
comes. This may be related to the effects of the
disease requiring treatment (e.g. neovascular
age-related macular degeneration [AMD]) and/
or differences in the spectrum of causative
organisms, which is skewed towards more vir-
ulent pathogens following surgical procedures
other than cataract [16, 18]. Visual prognosis is
guarded when Streptococcus spp. or gram-nega-
tive microbes are involved [3, 19]. Outcomes for
endophthalmitis secondary to Streptococcus spp.
are notoriously poor, with a final VA less than
20/400 in 50–80% of cases and a significant
proportion resulting in evisceration or enucle-
ation [20–22]. Negative cultures may indicate a
lower bacterial load, earlier diagnosis or non-
infectious aetiology, all of which may con-
tribute to better clinical outcomes.

In the past, cataract extraction was the most
commonly performed intraocular procedure
when the EVS was conducted: it was, therefore,
the most frequent cause of acute post-operative
endophthalmitis. However, with the subse-
quent development of anti-vascular endothelial
growth factor (anti-VEGF) therapy for the
management of age-related macular degenera-
tion (AMD), diabetic retinopathy and vascular
occlusive disease, intravitreal injections have
now become the most common penetrating
ocular procedure [23].

Streptococcus spp. are an important cause of
post-IVI endophthalmitis and bleb-associated
endophthalmitis. In culture-positive cases of
post-intravitreal injection acute endophthalmi-
tis, Streptococcus-associated endophthalmitis is
up to three times more common following IVI
when compared to other forms of intraocular
surgery [18]. At Sydney Eye Hospital during
2007–2010 inclusive, post-IVI endophthalmitis
was presented earlier, resulted in poorer out-
comes and was associated with increased odds
of Streptococcus spp. infection when compared
to post-cataract extraction (CE)/IOL infection
[17]. Given that Streptococcus spp. constitute
approximately 40% of the salivary flora [27], it
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was postulated that the higher incidence of
Streptococcus spp. infection following intravit-
real injection reflects aerosolisation of saliva
from the proceduralist or patient, which may
contaminate the operative field [18] (see
Table 1). Consequently, the routine wearing of
face masks by ophthalmologists and asking
patients to refrain from talking when perform-
ing injections was incorporated in the Royal
Australian and New Zealand College of Oph-
thalmologists (RANZCO) guidelines [28]. Such
guideline-driven changes in practice may
explain why, more recently, there has been a
statistically significant reduction in the pro-
portion of Streptococcus spp. infection post-IVI at
the same tertiary referral service (July 2012–June
2017) without increased odds of Streptococcus
spp. endophthalmitis following intravitreal
injections [23]. Table 1 presents a summary of
causative organisms in acute post-intravitreal
injection endophthalmitis cases in patients
presenting to Sydney Eye Hospital during
2007–2010 versus 2012–2017. Decreased rates of
Streptococcus spp. infections coincided with the
introduction of national guidelines directed at
minimising the contamination of surgical fields
with oral flora.

Multiple studies have associated post-injec-
tion endophthalmitis with earlier presentation
and worse visual outcomes than post-cataract
surgery endophthalmitis [17]. However, the
earlier presentation could not be attributed to
an increased incidence of Streptococcus spp.
infection reported in some studies and may
reflect the increased ability of inoculated

organisms to multiply in the vitreous compared
to the anterior chamber [29].

Bleb-associated endophthalmitis is usually
associated with more virulent microorganisms,
such as Streptococcus spp., Haemophilus, and
gram-negative organisms [30, 31]. Onset can
occur months to years after filtration surgery
[30]. Although the onset of endophthalmitis is
delayed, inoculation is presumed to be acute
and due to intraocular migration of causative
organisms such as Streptococcus spp. through
iatrogenic fistulas or across intact conjunctival
epithelium (Streptococcus spp. can penetrate an
intact conjunctival epithelium) [20, 32]. Bacte-
ria may subsequently act as a nidus within a
bleb with direct communication to the
intraocular compartment. A retrospective study
of 61 cases over a 10-year period by Almeida
et al. found that the best outcomes of post-sur-
gical endophthalmitis were encountered in
post-cataract cases. In contrast, the worst out-
comes occurred in cases of bleb-related
endophthalmitis [33]. Therefore, it has been
proposed that PPV is likely to be required in
these latter cases, given the aggressive organ-
isms involved and the poor anticipated visual
outcomes [31].

Endogenous endophthalmitis results from
the haematogenous spread of organisms from a
source of infection and accounts for less than
10% of all endophthalmitis. Depending on the
source, there is a wide range of causative
organisms, including fungi such as Candida
spp., often seen in association with so-called
central line and intravenous drug use [34];

Table 1 Causative organisms pre- and post-implementation of RANZCO guidelines (October 2012) for intravitreal
injections (IVI)

Causative organism Pre-guidelines (2007–2010) Post-guidelines (2012–2017) P value

Staph epidermidis 14 (26.4%) 44 (31.2%) 0.6

Staph aureus 3 (5.7%) 20 (14.2%) 0.14

Streptococcus spp. 13 (24.5%) 5(3.55%) \ 0.00004

Other gram positive 1 (1.9%) 3 (2.13%) 1

Culture negative 20 (37.7%) 65 (46.1%) 0.33

Total 53 141
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gram-positive bacteria such as Streptococcus spp.
secondary to endocarditis, Staphylococcus aureus
from cutaneous infections, Bacillus spp. as a
result of intravenous drug use; and gram-nega-
tive bacteria such as enteric organisms, e.g.
Escherichia Coli and Klebsiella in diabetics, uri-
nary tract infection and liver abscess [35, 36].
Fungal and gram-negative endophthalmitis are
generally associated with poorer visual out-
comes than endophthalmitis secondary to
gram-positive organisms.

Vitreous growth rates of bacteria are expo-
nential over the first 24 h, with typically a ten-
fold increase in the first 3 h. Therefore, the
timely delivery of antibiotics is essential in
limiting bacterial loads.

MANAGEMENT

‘Tap and Inject’

It is generally agreed that empirical broad-
spectrum antibiotics are required in the initial
management of post-procedural endoph-
thalmitis. A combination of two intravitreal
antibiotics to ensure sufficient coverage of both
gram-positive and gram-negative bacteria is
recommended, with vancomycin 1.0 mg/0.1 ml
to cover gram-positive organisms and cef-
tazidime 2.25 mg/0.1 ml to cover gram-negative
organisms as first-line therapy [37, 38]. The two
drugs form a white precipitate when mixed. For
this reason, many surgeons opt to deliver these
drugs in separate syringes using separate needles
(though both the precipitate and the super-
natant are reported to be efficacious) (40). In
patients allergic to cephalosporins, an amino-
glycoside such as amikacin 0.4 mg/0.1 ml can
be used instead of ceftazidime. Benzylpenicillin
0.18 mg/0.1 ml can be used instead of cef-
tazidime in cases of confirmed or presumed
Streptococcus spp. infection. Experimental stud-
ies have documented the safety and efficacy of
intravitreal fluoroquinolones, including levo-
floxacin and moxifloxacin, against causative
intraocular organisms [39–41].

A recent prospective study conducted by
Sharma et al. found a significantly higher level
of drug-resistant organisms in post-traumatic

endophthalmitis (PTE), which accounted for
60% of patients with antibiotic resistance [42].
Consequently, the authors recommended using
newer-generation intravitreal antibiotics like
piperacillin and tazobactam for PTE [42]. Fungal
endophthalmitis was the most common form of
endogenous endophthalmitis, accounting for
up to 50% of patients. This underlines the
importance of empirical broad-spectrum anti-
fungal cover for endogenous endophthalmitis
of unknown aetiology. In such cases, ampho-
tericin B 5 lg or voriconazole 100 lg (the
intravitreal treatments of choice for suspected
fungal endophthalmitis) are given in conjunc-
tion with intravitreal vancomycin and
ceftazidime.

Repeat intravitreal injection of antimicro-
bials is sometimes performed, usually after at
least 48 h, and tailored to sensitivity results.
However, the decision to re-inject antibiotics
should be considered carefully, as repeat injec-
tion may increase the risk of retinal toxicity. For
example, 100% retinal toxicity rates with three
intravitreal doses of 1 mg vancomycin com-
bined with 400 lg amikacin or 200 lg gentam-
icin have been observed in rabbit eyes [43].
Furthermore, antibiotic concentrations appear
to remain at bactericidal levels at 3–4 days post-
injection [43], and repeat injection may result
in retinotoxic levels, at least in some patients
[44].

Clinical reports are conflicted on the utility
of intravitreal dexamethasone 0.4 mg/0.1 ml in
treating immune pathology in bacterial
endophthalmitis [45–48]. Although some ear-
lier studies postulated that intravitreal steroids
might reduce antimicrobial efficacy, more
recent studies have demonstrated no adverse
effects of intravitreal dexamethasone [48], with
faster resolution implied by ‘less need for repeat
intravitreal antibiotics’ [48]. Although there is a
lack of definitive evidence for or against,
intravitreal dexamethasone at 0.4 mg in 0.1mL
is commonly used in conjunction with antibi-
otics to treat bacterial endophthalmitis. It
should furthermore be noted that the EVS pro-
tocol included systemic steroids. In cases where
there is a suspicion of fungal endophthalmitis,
intravitreal steroids are routinely avoided due to
concerns regarding fulminant infection [49].
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Systemic Antibiotics

The EVS findings did not support the addition
of intravenous antibiotics (amikacin plus cef-
tazidime or amikacin plus ciprofloxacin in
patients allergic to cephalosporins) [2]. How-
ever, intravenous amikacin and ceftazidime
have been shown to have poor intraocular
penetration [50, 51] (although ocular bioavail-
ability may be improved with blood–retina
barrier [BRB] breakdown). Ciprofloxacin has
excellent ocular penetration and bioavailability
when delivered orally, with some studies sug-
gesting vitreous levels to be bactericidal [53].
However, in the EVS, fluoroquinolones were
only given to patients with suspected cepha-
losporin allergies. The EVS took place before the
availability of oral fourth-generation fluoro-
quinolones (e.g. moxifloxacin), which have
broad coverage of gram-positive and gram-neg-
ative bacteria, excellent ocular and vitreous
penetration [52, 54, 55], and excellent
bioavailability when administered orally. In our
unit, a 10-day course of 750 mg oral cipro-
floxacin twice daily or 400 mg oral moxi-
floxacin daily is incorporated into treatment as
part of therapy. Hooper et al. [55] compared the
use of ciprofloxacin with moxifloxacin in 72
eyes with culture-positive acute bacterial
endophthalmitis. They suggested clinical supe-
riority of oral moxifloxacin 400 mg once daily
for 10 days over ciprofloxacin. Patients treated
with moxifloxacin had a quicker resolution of
hypopyon, reduced need for repeat intravitreal
injection and a better chance of a good clinical
outcome, even when adjusting for resistance to
ciprofloxacin [56]. However, fluoroquinolones
are excreted in sweat, and have been found to
increase colonisation with methicillin-resistant
Staphylococcus aureus (MRSA), so in some units
the use of these drugs is discouraged [57].

Surgery

The EVS is the only RCT to compare medical
and surgical management (PPV vs vitreous tap
and injection of antibiotics) in acute post-op-
erative endophthalmitis. The primary outcome
was best-corrected visual acuity (BCVA) and

clinical/photographic assessment of media
clarity at 9 months.

In this trial, PPV was defined as vitreous
clearance of 50% or more [2]. The aims of PPV
included reducing bacterial load, toxins and
inflammatory mediators and the removal of
vitreous as a growth medium for bacteria. It
concluded that immediate (\ 6 h of presenta-
tion) PPV improved visual outcome in patients
who presented with perception of light (LP)
vision, with three times the likelihood of final
vision of 6/12 or better. However, no such
benefit could be demonstrated in patients pre-
senting with vision of hand movements (HM)
or better [2]. An exception to this was observed
in diabetic patients, where post hoc analysis
found vitrectomy beneficial even if vision was
better than LP at presentation.

Perceived shortcomings of the EVS study
include the following: a limited/core PPV was
performed; treatment could occur up to 6 h
following presentation (animal models suggest
that early PPV at B 4 h following inoculation is
of benefit [57]); systemic antibiotics with lim-
ited ocular penetrance were used; the incidence
and causative organisms have changed since the
study; and significant developments in PPV
equipment and techniques have occurred since
the study was performed.

Developments in Surgical Equipment
and Techniques

In the EVS, PPV was defined as 50% removal of
vitreous and was conducted with 20-gauge
instrumentation [2]. Since its publication, the
subsequent development of micro-incision vit-
rectomy surgery (MIVS) has meant that most
modern-day PPV is conducted with 23-gauge
and 25-gauge instruments. Small-gauge surgery
obviates the need for peritomy and is often
sutureless; this results in reduced surgical times.
When compared to 20-gauge surgery, it is
argued that MIVS results in reduced intra-oper-
ative trauma and fewer complications such as
so-called port tears and subsequent retinal
detachments, reduced post-operative inflam-
mation and faster post-operative visual recovery
[58–60].
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Advances in surgical techniques have meant
that PPV in the context of endophthalmitis
frequently involves induction of posterior vit-
reous detachment (PVD) and a greater than 50%
clearance of vitreous. It is argued that there is
therefore greater reduction of bacterial load and
greater clearance of toxins and inflammatory
debris than that achieved in EVS. Recent studies
have suggested that early PPV in the context of
endophthalmitis may even reduce the inci-
dence of retinal detachment [60].

Pars Plana Vitrectomy

Recent surveys of vitreoretinal surgeons have
found that the majority perform PPV if there is
clinical worsening within 48 h following tap
and injection of antibiotics [61]. Additionally, it
has been argued that PPV should be considered
sooner in higher-risk eyes. In particular, Kuhn
and Gini report excellent outcomes for early
‘complete’ PPV in endophthalmitis. However,
this study (and all subsequent studies) is limited
by the absence of a control group [62].

A recent retrospective study by Ho et al. of 64
consecutive patients who underwent PPV
within 72 h of presentation with acute-onset
infectious endophthalmitis secondary to a
mixture of cataract surgery, intravitreal injec-
tions, glaucoma filtration surgery, endogenous
endophthalmitis and trauma, found significant
visual gains in patients who presented with HM
vision or worse [16]. A recent retrospective
study by Sridhar et al. of 70 patients undergoing
early PPV for acute post-operative endoph-
thalmitis found evidence for a reduced likeli-
hood of evisceration or enucleation in
Streptococcus spp. endophthalmitis when com-
pared to previous reports [63]. The authors
argued that there might be an anatomically
protective benefit of PPV that prevents either
phthisis or panophthalmitis from developing
[63].

Birnbaum and Gupta retrospectively
explored the role of PPV in the treatment of
fungal endogenous endophthalmitis (FEE) in six
eyes that underwent PPV within 24 h of pre-
sentation in addition to intravitreal van-
comycin (1 mg/ml), ceftazidime (2.25 mg/ml)

and amphotericin B (5 lg/ml). They report that
four out of six eyes achieved final vision of 6/12
or better. They suggest that this compares
favourably to other reported outcomes, with
visual acuity of counting fingers or better
reported in only 22–41% of cases [64, 65]. This
was attributed to the fact that all their patients
received PPV followed by intravitreal antifun-
gals within 24 h of suspected endophthalmitis,
compared to other studies where PPV was
delayed and only conducted after eyes did not
respond to medical therapy or where PPV was
reserved for severe cases only. Based on their
findings, Birnbaum and Gupta recommended a
PPV within 24 h in high-risk individuals with
suspected FEE for prompt diagnosis and
improved outcomes [64]. However, Birnbaum
and Gupta’s study was limited by its small
sample size, and it is difficult to draw a firm
conclusion from their data [64]. Another retro-
spective study of 44 eyes with Candida FEE
found that early PPV significantly reduced the
risk of retinal detachment: two of 26 eyes
undergoing PPV within a week progressed to
retinal detachment, compared to seven of 17
eyes that did not undergo PPV [65]. Technical
advances in PPV, including MIVS and improved
visualisation through wide-angle viewing sys-
tems, may be responsible for better reported
visual outcomes in recent retrospective reports.

In endogenous endophthalmitis, the main-
stay of management includes the diagnosis and
treatment of the infective nidus. PPV in the
context of endogenous endophthalmitis may be
both diagnostic and therapeutic, as the condi-
tion may have an indolent course with non-
specific inflammatory symptoms. Thus it can be
misdiagnosed in 16–50% of cases [66]. With
sensitivity ranging from 40 to 70%, vitreous
biopsy has a higher diagnostic yield than
aqueous or vitreous needle aspiration [67–69].

Recent data from our own centre (185 con-
secutive admissions for acute post-procedural
endophthalmitis over 5 years) suggests that
patients undergoing early PPV (B 24 h) have
greater improvements in vision compared to
patients receiving initial medical management.
The mean change in 3-month versus presenta-
tion logMAR acuity for patients undergoing
early PPV was -1.47 ± 0.76 logMAR (mean ±
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SD), whilst the mean change for patients
undergoing late PPV/T&I was -1.14 ± 0.90
logMAR (P = 0.007) (see Table 2). Furthermore,
patients in the early PPV group were more likely
to achieve final acuity of 20/40 or better (24.3%
vs 12.6%, OR 2.27, P = 0.047). Patients under-
going early vitrectomy also had worse present-
ing acuity (2.34 ± 0.37 and 1.81 ± 0.76
logMAR, respectively, P = 0.0001). For this rea-
son, there is no statistically significant differ-
ence between early vitrectomy and initial
medical management for change in BCVA on
analysis of covariance (ANCOVA) with pre-
senting acuity as the covariate (P = 1.00). Those
undergoing early PPV were more likely to have
positive cultures (73% vs 36%, OR 0.202,
P = 9.4 9 10–7).

Oil Tamponade

The effect of oil tamponade as an adjuvant to
PPV was not explicitly examined in the EVS.
Silicone oil has antimicrobial properties [70],
and studies have demonstrated a more rapid
control of infection and improvement in vision
in eyes undergoing vitrectomy with silicone oil
tamponade compared to vitrectomy alone [71].
However, silicone oil may be ineffective against
some organisms, such as Propionibacterium
acnes, the most common causative organism in

chronic post-operative endophthalmitis [72].
Disadvantages to oil tamponade include further
surgery for oil removal, oil emulsification, ele-
vated intraocular pressure, silicone-oil induced
inflammation and band keratopathy in long-
term retention. In practice, oil tamponade is
considered when endophthalmitis is associated
with retinal detachment, inability to perform a
satisfactory ‘search’ for retinal breaks before
completing surgery or when severely damaged
or necrotic retina are present [70, 71].

CURRENT APPROACH

The prognosis following acute infective
endophthalmitis is dependent on the virulence
and inoculum size of the causative organism,
the time to presentation, the time to initiation
of appropriate therapy and the patient’s
immune status [3, 73, 74]. Risk factors for poor
outcomes include rapid onset, poorer present-
ing vision, a causative organism other than
coagulase-negative Staphylococcus, corneal
oedema, a hypopyon larger than 1.5 mm,
extensive media haze and absence of fundus
visibility, and the presence of retinal detach-
ments or intraocular foreign bodies [75–77].
Presenting vision is the strongest predictor of
visual prognosis [76].

Table 2 Summary of key clinical variables for patients undergoing early PPV versus those undergoing either tap and
injection (T&I) or delayed vitrectomy

Early PPV T&I/Late PPV Probability

Age 78.5 years 75.5 years 0.09

Presenting acuity 2.34 ± 0.37 logMAR 1.81 ± 0.76 logMAR 0.0001

Cause (CS/IVI) 21/55 28/86 0.297

Change in acuity (3 months vs presenting) -1.47 ± 0.76 logMAR -1.14 ± 0.90 logMAR 0.007

Proportion C 20/40 at 3 months 0.243 0.126 0.047

Proportion positive cultures 0.73 0.36 9.4 3 10–7

Bold indicates statistically significant values
Data are from a retrospective analysis of 185 patients presenting to Sydney Eye Hospital over a 5-year period up to
December 2017
CS cataract surgery, IVI intravitreal injection
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Since the EVS, the primary management of
acute endophthalmitis has been the immediate
intravitreal injection of empirical broad-spec-
trum antibiotics. However, the success rate of
PPV in the management of acute endoph-
thalmitis (defined as final VA of 6/120 or better)
has improved over the last three decades,
ranging from 42 to 73% [38]. The 2013 ESCRS
guidelines suggest that immediate and com-
plete PPV in conjunction with intravitreal
antibiotics is now the gold standard for
endophthalmitis management [38]. Immediate
‘tap and inject’ is described in the same guide-
lines as the ‘silver standard’ [38]. However, the
justification for this approach appears to rest
largely on a Latin aphorism (Ubi pus, ibi evacua
[where there is pus, evacuate it]). As alluded to
above, time is of the essence in the manage-
ment of endophthalmitis. According to the
ESCRS 2013 guidelines, PPV should not delay
the administration of intravitreal antibiotics,
which should be given immediately following
vitreous tap if a PPV would be delayed or
unavailable [38].

Our approach to vitrectomy in endoph-
thalmitis is to simultaneously obtain a view and
‘clearance’ of the intraocular compartment
from anterior to posterior.

Surgery commences with a repeat inspection
of the eye. If there is a poor view, an anterior
chamber infusion is placed initially. A posterior
chamber infusion may be placed in the presence
of a sufficient view: a 6 mm cannula can be
used, or the light pipe introduced to confirm
correct placement of the ports through visuali-
sation of its tip. Clearance of the anterior
chamber may include washout, though often
fibrinous pupillary membranes must be
removed with the aid of forceps and an oph-
thalmic viscoelastic device (see video). Once a
satisfactory clearance of the anterior chamber is
obtained, the anterior vitreous is cleared first,
progressing posteriorly as the view improves. A
pre-operative B-scan is necessary in all cases
where the ocular fundus cannot be visualised.
In the presence of thick purulent material
within the vitreous compartment, the surgeon
must be vigilant for any signs of unrecognised
retinal detachment, such as bleeding from the

cut edge of an apparent purulent posterior vit-
reous face.

DISCUSSION

It has been suggested that PPV hastens and
improves recovery [2] by the removal of vitreous,
a potential growth medium for bacteria [78].
Furthermore, it is proposed to reduce the bacte-
rial load, toxins and pus [6] by removing vitreous
membranes and slime that could otherwise lead
to significant increases in bacterial minimum
inhibitory concentration (MIC) or mature to
cause retinal detachment, and by improving
intravitreal circulation and thus the penetration
of injected antibiotics [78, 79]. Additionally, PPV
is associated with better vitreous sampling for
culturing [6], which can lead to improved iden-
tification of the causative organism and its
antibiotic sensitivity, which may allow targeted
antimicrobial management.

Since the publication of the key findings of
the EVS, PPV has evolved significantly. This has
arguably led vitreoretinal surgeons worldwide to
lower their threshold for PPV in endophthalmitis
[60]. Although there have been concerns that
operating on inflamed eyes may result in iatro-
genic complications, some recent studies
(though limited by the absence of a control
group) have demonstrated favourable functional
and anatomical outcomes, even when PPV was
carried out in eyes with better than LP vision
[34, 35]. Prompt management and advances in
surgical equipment and techniques are thought
to contribute to these results [6, 60].

Indications for early vitrectomy include
clinical deterioration despite intravitreal
antibiotics, concomitant retained lens material
or retinal detachment, poor presenting vision of
HM or worse [2], absence of red reflex, patient
groups known to do more poorly such as dia-
betic patients [2], and endophthalmitis more
likely associated with more virulent pathogens,
for example, post-trauma, bleb-related or sec-
ondary to intravitreal injections.

Disadvantages of PPV include an unsatisfactory
or limited surgical view in phakic patients, intra-
operative complications such as iatrogenic tears,
retinal detachments and sympathetic ophthalmia,
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and theatre space and staff availability, which can
hinder theprovisionof immediatePPV forpatients
with endophthalmitis in practice. Surgical con-
siderations include the use of a longer infusion
cannula (e.g. 6.0 mm) if visualisation is difficult,
placing an anterior chamber infusion line first if
dense vitritis renders intravitreal visualisation of
the infusion cannula difficult, and avoiding
aggressive peripheral vitrectomy if the view is
inadequate. Modern wide-angle viewing systems
improve visualisation during PPV. This, in addi-
tion to modern vitrectors with improved duty
cycles, reduces the risk of intra-operative
complications.

Since the EVS, both surgical and medical
management have evolved. Although immedi-
ate PPV is now considered the gold standard in
the ESCRS 2013 guidelines [38], this may not be
practical in many centres due to limitations of
theatre space and staff. Furthermore, data
comparing outcomes following MIVS versus
medical management remain limited. In the
management of acute endophthalmitis, we
recommend immediate intravitreal injection of
antibiotics in all cases. PPV should be performed
as soon as possible in patients presenting with
LP vision, in those at high risk of more virulent
causative pathogens, such as post-trauma or
post-glaucoma filtration surgery, and in those
not improving 48 h post tap and inject. Topical
therapy including antibiotics (e.g. ofloxacin),
steroids (e.g. dexamethasone) and cycloplegic
eye drops (e.g. atropine) and a 10-day course of
oral antibiotics (in our unit fluoroquinolones)
according to local microbiological guidelines
are recommended. Intravitreal dexamethasone,
or a short course of oral steroids, can be given at
the clinician’s discretion. Because of ongoing
uncertainty regarding the benefit of PPV in
endophthalmitis, a repeat RCT re-investigating
this issue is long overdue.
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