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ABSTRACT.

Endophthalmitis is one of the most feared complications after cataract surgery.

The aim of this systematic review was to evaluate the effect of intracameral and

topical antibiotics on the prevention of endophthalmitis after cataract surgery. A

systematic literature review in the MEDLINE, CINAHL, Cochrane Library

and EMBASE databases revealed one randomized trial and 17 observational

studies concerning the prophylactic effect of intracameral antibiotic administra-

tion on the rate of endophthalmitis after cataract surgery. The effect of topical

antibiotics on endophthalmitis rate was reported by one randomized trial and one

observational study. The quality and design of the included studies were analysed

using the Cochrane risk of bias tool. The quality of the evidence was evaluated

using the GRADE approach. We found high-to-moderate quality evidence for a

marked reduction in the risk of endophthalmitis with the use of intracameral

antibiotic administration of cefazolin, cefuroxime and moxifloxacin, whereas no

effect was found with the use of topical antibiotics or intracameral vancomycin.

Endophthalmitis occurred on average in one of 2855 surgeries when intracameral

antibiotics were used compared to one of 485 surgeries when intracameral

antibiotics were not used. The relative risk (95% CI) of endophthalmitis was

reduced to 0.12 (0.08; 0.18) when intracameral antibiotics were used. The

difference was highly significant (p < 0.00001). Intracameral antibiotic therapy

is the best choice for preventing endophthalmitis after cataract surgery. We did

not find evidence to conclude that topical antibiotic therapy prevents endoph-

thalmitis.
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Introduction

Cataract surgery is the most frequently
performed elective surgical procedure
in many Westernized countries.
Although cataract surgery is generally
considered a safe procedure resulting in
a favourable visual outcome, surgical
complications do occur. The most
feared complication is postoperative
endophthalmitis which is an infectious
condition caused by micro-organisms
introduced to the interior of the eye
during or after the surgical procedure.
The visual outcome after endoph-
thalmitis is often very poor. Seventeen
per cent of patients in the European
Society of Cataract and Refractive
Surgeons (ESCRS) study had a final
visual acuity ≤ 20/200 and 48.3% had
a final visual acuity ≤ 20/40 (Barry
et al. 2009). Treatment of endoph-
thalmitis often requires further surgery
and hospitalization; thus, every case of
endophthalmitis puts a heavy burden
on the healthcare system (Fongsre
et al. 2004; Schmier et al. 2007), not
to mention the distress and loss of
quality of life experienced by the
patient (Clark et al. 2008).

During cataract surgery, an incision
is made in the anterior segment of the
eye to remove the cataractous lens.
Corneal incisions may allow inflow of
ocular surface fluid even after hydro-
sealing (Herretes et al. 2005). The use
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of clear corneal incisions has been
found to be a risk factor for endoph-
thalmitis (Cao et al. 2013), but the
evidence is not conclusive (Lundstrom
2006). Microbiological examinations
have shown that the rate of contami-
nation of the surgical fluids is high (up
to 50%) in spite of preoperative
cleaning of the conjunctiva with
povidone-iodine and preoperative use
of topical antibiotic (Balestrazzi et al.
2012). The rate of positive samples from
the anterior chamber is usually <5%
(Parmar et al. 2006; Cornut et al. 2010;
Baillif et al. 2012; Kumar et al. 2012)
but has been reported to be as high as
14% (Das et al. 2009). The rate of
anterior chamber contamination is sim-
ilar after manual small-incision cataract
surgery and phacoemulsification (Ku-
mar et al. 2012). Contaminated surgical
equipment (Malathi et al. 2006), IOLs
(Ramappa et al. 2012) and viscoelastic
material (Voss et al. 2012) may also
cause outbreaks of endophthalmitis.

The risk of endophthalmitis is higher
inolderpatients (West et al. 2005;Wejde
et al. 2005b; Kamalarajah et al. 2007;
Freeman et al. 2010; Cao et al. 2013), in
patients with wound dehiscence (Wejde
et al. 2005b), after posterior capsule
rupture (Wong & Chee 2004a; Wejde
et al. 2005b; Kamalarajah et al. 2007),
when face masks are not worn in theatre
(Kamalarajah et al. 2007) and in
patients using immunosuppressants
(Kamalarajah et al. 2007). Surgeons
and clinics that perform a large number
of cataract surgeries annually have a
lower rate of endophthalmitis than those
who perform fewer surgeries (Fang et al.
2006). The incidence of endophthalmitis
has by some been reported to drop
with technical advancement from intra-
capsular cataract extraction (ICCE)
over extracapsular cataract extraction
(ECCE) to thephacoemulsification tech-
nique and the use of small incisions that
is possible due to foldable IOLs (Mayer
et al. 2003;Wejde et al. 2005b; Freeman
et al. 2010), whereas others have found a
steady rate of endophthalmitis cases in
spite of changing surgical procedures
(Semmens et al. 2003).

As endophthalmitis is an infection, it
should be preventable by antibiotic
treatment. The question is which type
of antibiotic treatment provides the
best prevention against postcataract
endophthalmitis? Prophylactic antibi-
otic treatment can be given as topical
treatment preoperatively to reduce the

bacterial load on the conjunctiva
before surgery. It can be given during
surgery directly into the anterior cham-
ber or as a subconjunctival injection.
Finally, it can be given as topical
treatment postoperatively. Globally,
we face increasing problems concerning
resistance of micro-organisms to anti-
biotic treatment probably because of a
too liberal use. Thus, prophylactic
antibiotic treatment should be given
wisely to offer the best possible protec-
tion against endophthalmitis whilst
protecting the patient and the society
against selection of multiresistant bac-
terial strains. The aim of this study was
to evaluate the available scientific data
on the efficacy of the prophylactic
effect of intracameral, peri-operative
antibiotic delivery and topical antibi-
otic treatment as these two regimes are
the most widely used. The present work
was undertaken after an initiative by
the Danish National Health and Med-
icines Authorities to formulate evi-
dence-based guidelines on surgery for
age-related cataract. A 2013 Cochrane
review analysed the use of preopera-
tive, intra-operative or postoperative
antibiotics of any delivery route, but
only randomized trials were included
resulting in a conclusion based upon
the recent ESCRS study and three
older randomized trials using various
routes of antibiotic administration
(Gower et al. 2013). A great number
of non-randomized studies have been
published as the ESCRS study report-
ing endophthalmitis prevalence with
and without the use of intracameral
antibiotics and we decided to include
this information in our analysis.

Material and Methods

This systematic review and resulting
meta-analyses were performed based on
the principles described in the Grades of
Recommendation,Assessment,Develop-
ment and Evaluation (GRADE)
approach (Guyatt et al. 2011f). First,
we defined the topic of the systematic
review using the Patient, Intervention,
Comparison and Outcome (PICO)
approach (Guyatt et al. 2011a).

We formulated two PICO questions
to examine both the prophylactic effi-
cacy of topical antibiotic treatment and
intracameral antibiotic therapy on
postoperative endophthalmitis in
patients with age-related cataract
undergoing phacoemulsification:

(1) Is the risk of endophthalmitis (O)
lower in patients with age-related cata-
ract undergoing phacoemulsification
(P) with the use of intracameral antibi-
otic administration (I) or in patients not
receiving intracameral antibiotics (C)?
(2) Does topical antibiotic treatment
(I) or no topical antibiotic treatment
(C) result in the lowest number of
endophthalmitis cases (O) in patients
with age-related cataract undergoing
phacoemulsification (P)?

Randomized clinical trials and non-
randomized trials were considered for
inclusion if they reported on the inci-
dence of postoperative endophthalmitis
in patients undergoing surgery for age-
related cataract. Furthermore, the
study should compare endophthalmitis
rates in two comparable populations
receiving/not receiving antibiotic ther-
apy, either intracamerally or topically.
For a non-randomized trial to be
included, the study had to compare
endophthalmitis rates in the same insti-
tution(s) in two different time periods:
one time period using antibiotic pre-
vention of endophthalmitis and one
time period not using antibiotic pre-
vention. Studies that only reported
cases and not the prevalence of end-
ophthalmitis were excluded.

The outcome measure was endoph-
thalmitis. Endophthalmitis was defined
as clinical cases of postoperative end-
ophthalmitis, that is both culture-posi-
tive and culture-negative cases.

A systematic literature search was
conducted in July 2014 in the
EMBASE, MEDLINE, Cochrane
Library and CINAHL databases. A
schematic presentation of the literature
search is provided in Fig. 1A for
intracameral antibiotic prophylaxis
and in Fig. 1B for topical antibiotic
prophylaxis. The search was limited to
references published within the last
10 years in the English or Scandina-
vian languages. The time limit was
chosen to ensure that the studies used
surgical methods comparable to mod-
ern surgical methods, that is phaco-
emulsification. The search strategy is
shown in Fig. 1.

According to Danish law, no insti-
tutional review board approval was
needed for the study.

All included studies were reviewed by
two reviewers independently (LK and
PF), and the quality of the studies was
evaluated using the Cochrane risk of
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bias tool (Higgins & Green 2011). In
short, the Cochrane risk of bias tool
assesses the risk of bias associated with
the selection of patients (randomization
or patient allocation and concealment of
allocation), study performance (blind-
ing of patients and personnel), detection
of outcomes (blinding of outcome
assessment), attrition of data (such as
missing patients or drop-outs), report-
ing of study findings (selective outcome
reporting) or other types of bias. Data
from each included studywere extracted
independently by two reviewers (LK
and PF). Data were entered into ameta-
analysis providing relative risk ratios
based on the available scientific data.
Disagreement was resolved by discus-
sion and consensus. This part of the

systematic review was carried out using
the Review Manager Software [Review
Manager (RevMan) 2012].

The quality of the evidence for each
prespecified outcome was evaluated
across the included studies using the
GRADE system by two reviewers
independently (LK and PF). Each out-
come was analysed for study limitations
(risk of bias, e.g. lack of allocation
concealment or lack of blinding of
patients or outcome assessors, incom-
plete accounting of patients and out-
come, selective outcome reporting or
other limitations) (Guyatt et al. 2011g),
inconsistency (different results between
studies) (Guyatt et al. 2011d), indirect-
ness (was the study population and
intervention comparable to the patient

population and intervention that is rel-
evant to the readers of meta-analysis,
use of surrogate measures) (Guyatt
et al. 2011c), imprecision (large confi-
dence intervals or the lack of statistical
strength by included studies to answer
the posed question) (Guyatt et al.
2011b) and risk of publication bias
(e.g. lack of reporting of negative find-
ings) (Guyatt et al. 2011e). The quality
of the evidence for the prespecified
outcome (endophthalmitis rate) could
be up or downgraded based on the
assessment of each of the limitations
mentioned above. Finally, tables sum-
marizing the findings and the quality
of the evidence were prepared using
the Grade Profiler software (GRADE
profiler 2011).

864 References identified by search in 
Medline, Cochrane, Embase and Cinahl 

databases

14 References 
identified by other 

sources

Cataract extraction
OR

Cataract surgery

Endophthalmitis/endophthalmitis 
prophylaxis

OR
Topical antibiotic

OR
Topical prophylaxis

AND

47 References obtained in full-text, 
selection based on title/abstract

45 References excluded with explanation2 References included in metaanalysis

1265 References identified by search in  
Medline, Cochrane, Embase and Cinahl 

databases

11 References 
identified by other 

sources

Cataract
AND

Surgical procedures, operative/surgery

Intracameral cefuroxime
OR

Endophthalmitis/endophthalmitis
OR

Sterilization

AND

57 References obtained in full-text, 
selection based on title/abstract

39 References excluded with explanation18 References included in metaanalysis
(A)

(B)

Fig. 1. Schematic presentation of the literature search (A) literature search profile for intracameral antibiotic prophylaxis of postoperative

endophthalmitis (B) literature search profile for topical antibiotic prophylaxis of postoperative endophthalmitis Both search profiles were limited to

the publications published in English or the Scandinavian languages published within the last 10 years.
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Dichotomous outcome data were
analysed by calculating risk ratios. The
Review Manager 5 Software [Review
Manager (RevMan) 2012] was used for
the estimation of overall treatment
effects. Random-effectmodels were used
to calculate pooled estimates of effects.

Results

Endophthalmitis epidemiology

The systematic literature search
revealed several studies that reported
the rate of endophthalmitis after cata-
ract surgery (Table 1). Reported end-
ophthalmitis rates after cataract surgery
vary greatly between different conti-
nents, between neighbouring countries
and even within the same country. The
average rate of endophthalmitis ranges
from a high of one case per 315–368
surgeries in Africa and South America,
respectively, over one case per ~700
surgeries in Asia, Australia and North
America to a low of one case per 1418
surgeries in Europe. Even in Europe, the
rate varies greatly from 0.3 per 1000
surgeries in Sweden (Friling et al. 2013)
to seven per 1000 surgeries in a French
report (Barreau et al. 2012).

We also identified 21 studies report-
ing the microbiological findings in end-
ophthalmitis cases (Table 2). The reader
should note that only studies reporting
more than 50 cases of endophthalmitis
were included in Table 2 as the finding
of uncommon bacteria in small studies
could skew the prevalence of causative
micro-organisms. In up to half of the
clinically diagnosed endophthalmitis
cases, no causative micro-organism
was found. The predominant causative
micro-organismwas coagulase-negative
staphylococci with Staphylococcus aur-
eus ranking second. In Sweden, where
the national rate of endophthalmitis is
the lowest reported globally possibly
due to a nearly universal use of intra-
cameral cefuroxime, the rate of infection
caused by enterococci is high (Wejde
et al. 2005a; Lundstrom et al. 2007;
Friling et al. 2013). Fungi are a rare
cause of endophthalmitis after cataract
surgery and were only reported in large
numbers from India (Gupta et al. 2003).

Intracameral antibiotic and endophthalmitis

risk

A systematic literature search identified
one randomized controlled trial

Table 1. Overview on the global prevalence of endophthalmitis.

Study Country

Incidence of

endophthalmitis (%)

Africa 26/8190 (0.32%)

van der Merwe et al. (2012) South Africa 26/8190 (0.32%)

Asia 1108/763 690 (0.15%)

Lin et al. (2011) China 9/94 650 (0.01%)

Yao et al. (2013) China 66/201 757 (0.03%)

Lalitha et al. (2005) India 19/22 294 (0.09%)

Ravindran et al. (2009) India 38/42 426 (0.09%)

Haripriya et al. (2012) India 21/79 777 (0.03%)

Matsuura et al. (2013) Japan 11/34 762 (0.03%)

Nagaki et al. (2003) Japan 15/11 595 (0.13%)

Al-Mezaine et al. (2009) Saudi Arabia 20/29 509 (0.07%)

Wong & Chee (2004b) Singapore 34/44 803 (0.08%)

Tan et al. (2012) Singapore 21/50 177 (0.04%)

Wu et al. (2006a) Taiwan 46/21 562 (0.21%)

Wu et al. (2006b) Taiwan 12/10 614 (0.11%)

Fang et al. (2006) Taiwan 772/108 705 (0.71%)

Trinavarat et al. (2006) Thailand 24/11 059 (0.22%)

Australia 723/504 471 (0.14%)

Ellis (2003) Australia 5/633 (0.79%)

Semmens et al. (2003) Australia 188/94 653 (0.20%)

Li et al. (2004) Australia 210/117 083 (0.18%)

Rosha et al. (2006) Australia 92/162 120 (0.06%)

Clark et al. (2011) Australia 228/129 982 (0.18%)

Europe 1253/1 777 045 (0.07%)

ESCRS 2007 (ESCRS

Endophthalmitis Study Group 2007)

Europe 29/16 603 (0.17%)

Eurequo 2012 (Lundstrom et al. 2012) Europe 148/406 703 (0.04%)

Haapala et al. (2005) Finland 47/29 350 (0.16%)

Barreau et al. (2012) France 36/5115 (0.70%)

Ness et al. (2011) Germany 16/26 566 (0.06%)

Krikonis et al. (2009) Greece 7/8393 (0.08%)

Khan et al. (2005) Ireland 43/8763 (0.49%)

Rahman & Murphy (2014) Ireland 5/8239 (0.06%)

Kessner et al. (2014) Israel 40/13 284 (0.30%)

R�aen et al. (2013) Norway 9/15 954 (0.06%)

Beselga et al. (2014) Portugal 16/15 689 (0.10%)

Garat et al. (2005) Spain 31/18 579 (0.17%)

Garcia-Saenz et al. (2010) Spain 42/13 652 (0.31%)

Romero-Aroca et al. (2012) Spain 83/25 001 (0.33%)

Rodriguez-Caravaca et al. (2013) Spain 44/19 463 (0.23%)

Montan et al. (2002a) Sweden 20/32 180 (0.06%)

Wejde et al. (2005a) Sweden 112/188 151 (0.06%)

Lundstrom et al. (2007) Sweden 109/225 471 (0.05%)

Friling et al. (2013) Sweden 135/464 996 (0.03%)

Mayer et al. (2003) UK 30/18 191 (0.16%)

Patwardhan et al. (2006) UK 44/12 362 (0.36%)

Kelly et al. (2007) UK 7/12 831 (0.05%)

Mollan et al. (2007) UK 101/101 920 (0.10%)

Yu-Wai-Man et al. (2008) UK 46/38 819 (0.12%)

Carrim et al. (2009) UK 25/12 500 (0.20%)

Anijeet et al. (2010) UK 14/16 606 (0.08%)

Myneni et al. (2013) UK 14/21 664 (0.06%)

North America 6935/5 122 623 (0.14%)

Shorstein et al. (2013) California 19/16 264 (0.12%)

Lloyd & Braga-Mele (2009) Canada 6/13 931 (0.04%)

Hatch et al. (2009) Canada 617/422 177 (0.15%)

Freeman et al. (2010) Canada 754/490 690 (0.15%)

Rudnisky et al. (2014) Canada 23/75 318 (0.03%)

Miller et al. (2005) Florida 7/15 920 (0.04%)

Wykoff et al. (2010) Florida 8/28 568 (0.03%)

Thoms et al. (2007) Michigan 5/815 (0.61%)

Buzard & Liapis (2004) Nevada 0/5131 (0%)

Wallin et al. (2005) Utah 27/15 254 (0.18%)

Jensen et al. (2005) Utah 26/9079 (0.29%)

Moshirfar et al. (2007) Utah 14/20 013 (0.07%)
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evaluating the effect of intracameral
cefuroxime on the prevention of post-
phacoemulsification endophthalmitis
(Seal et al. 2006; ESCRSEndophthalm-
itis Study Group 2007). Furthermore,
we found 17 observational studies
describing the prevalence of endoph-
thalmitis in the same institution(s)
before and after introducing intracam-
eral delivery of an antibiotic agent at the
conclusion of surgery (Wejde et al.
2005a; ESCRS Endophthalmitis Study
Group 2007; Lundstrom et al. 2007;
Yu-Wai-Man et al. 2008; Garat et al.
2009; Anijeet et al. 2010; Barreau et al.
2012; van der Merwe et al. 2012; Ro-
mero-Aroca et al. 2012; Tan et al.
2012; Beselga et al. 2014; Friling et al.
2013; Matsuura et al. 2013; Myneni
et al. 2013; Rodriguez-Caravaca et al.
2013; Shorstein et al. 2013; Galvis et al.
2014; Rudnisky et al. 2014). Of those
17 studies, 10 studies reported the rates
of endophthalmitis with and without
intracameral cefuroxime (Wejde et al.
2005a; Lundstrom et al. 2007; Yu-
Wai-Man et al. 2008; Barreau et al.
2012; van der Merwe et al. 2012;
Beselga et al. 2014; Friling et al. 2013;
Myneni et al. 2013; Rodriguez-
Caravaca et al. 2013; Shorstein et al.
2013). Three studies looked at cefazolin
(Garat et al. 2009; Romero-Aroca
et al. 2012; Tan et al. 2012). Five stud-
ies looked at moxifloxacin (Friling
et al. 2013; Matsuura et al. 2013;
Shorstein et al. 2013; Galvis et al.
2014; Rudnisky et al. 2014; ). Finally,
three studies reported the rates of end-
ophthalmitis with and without intra-
cameral vancomycin (Anijeet et al.
2010; Rudnisky et al. 2014; Shorstein
et al. 2013).

The characteristics of included stud-
ies are provided in Appendix S1. Char-
acteristics of studies excluded from the
analysis as well as reason for exclusion
are presented in Appendix S2.

The randomized controlled trial was
conducted as a European multicenter

trial after an initiative by the Euro-
pean Society of Cataract and Refrac-
tive surgeons (Seal et al. 2006; ESCRS
Endophthalmitis Study Group 2007).
It was planned to include 35 000
participants, but the study was
stopped after recruitment of 16 603
patients as the treatment effect was so
marked that it was deemed unethical
to continue the study. A total of 29
cases of clinically suspected endoph-
thalmitis were detected. The rate of
endophthalmitis was 0.6 per 1000 sur-
geries when intracameral cefuroxime
was used at the conclusion of surgery
versus 3.0 per 1000 surgeries when
intracameral cefuroxime was not used.
The difference was highly statistically
significant, RR 0.21 (95% CI: 0.08;
0.55) (Fig. 2).

Since the publication of the ESCRS
trial, several institutions have adopted
the prophylactic intracameral adminis-
tration of antibiotic. In total, 17 pub-
lications describing the rate of
endophthalmitis reported by single
institutions or countries before and
after changing prophylactic regimes
were identified. The majority of these
studies are from Europe (Wejde et al.
2005a; Lundstrom et al. 2007; Garat
et al. 2009; Anijeet et al. 2010; Barreau
et al. 2012; van der Merwe et al. 2012;
Romero-Aroca et al. 2012; Beselga
et al. 2014; Friling et al. 2013; Myneni
et al. 2013; Rodriguez-Caravaca et al.
2013), but findings from Asia (Tan
et al. 2012; Matsuura et al. 2013),
Africa (van der Merwe et al. 2012),
North America (Shorstein et al. 2013;
Rudnisky et al. 2014) and South Amer-
ica (Galvis et al. 2014) are also
included in the analysis.

Based on the non-randomized stud-
ies, the risk of endophthalmitis was sig-
nificantly lower in patients treated with
intracameral cefazolin, cefuroxime and
moxifloxacin, whereas no significant
effect was found for intracameral
vancomycin (see Fig. 2). The relative

risk [RR (95% confidence interval)] of
endophthalmitis was reduced to 0.10
(0.06; 0.17) in patients receiving cefaz-
olin, 0.09 (0.05; 0.15) in patients receiv-
ing cefuroxime, 0.22 (0.10; 0.50) in
patients receiving moxifloxacin and
0.30 (0.02; 3.90) in patients receiving
vancomycin.

In total, 1 192 330 cataract surger-
ies and 719 cases of endophthalmitis
were included in the analysis. There
were 356 cases of endophthalmitis in
the 1 016 387 surgeries where intra-
cameral antibiotics were used com-
pared to 363 cases of endophthalmitis
in the 175 943 surgeries where intra-
cameral antibiotics were not used.
Thus, endophthalmitis occurred in
one of 2855 surgeries when intracam-
eral antibiotics was used compared to
one of 485 surgeries when no intra-
cameral antibiotic was used. None of
the studies included in the meta-analy-
ses above reported adverse events
associated with the use of intracameral
antibiotic treatment.

The quality of evidence was high for
the randomized trial and moderate for
the observational studies concerning
cefuroxime and cefazolin and low to
very low for the observational studies
concerning moxifloxacin and vancomy-
cin, respectively (Table 3). The quality
of the evidence for the observational
studies concerning cefazolin and
cefuroxime was upgraded because of
the very large effect of intracameral
antibiotic treatment.

Topical antibiotics and risk of

endophthalmitis

After a systematic review of the litera-
ture, we found one randomized trial
(Seal et al. 2006; ESCRSEndophthalm-
itis Study Group 2007) and one retro-
spective study (R�aen et al. 2013)
evaluating the effect of topical antibiotic
treatment on the rate of endophthalm-
itis. Characteristics of the included stud-
ies are presented in Appendix S3, and
characteristics of excluded studies are
presented in Appendix S4.

The ESCRS study was designed in a
2 9 2 factorial design, and besides
examining the prophylactic effect of
intracameral cefuroxime, the study also
evaluated the prophylactic effect of 1 hr
preoperative topical 0.5% levofloxacin
treatment versus placebo (Seal et al.
2006; ESCRS Endophthalmitis Study
Group 2007). In addition to the preop-

Table 1. (Continued)

Study Country

Incidence of

endophthalmitis (%)

Jensen et al. (2008) Utah 40/29 276 (0.14%)

West et al. (2005) USA 1026/477 627 (0.21%)

Stein et al. (2011) USA 357/221 594 (0.16%)

Keay et al. (2012) USA 4006/3 280 966 (0.12%)

South America 74/27 264 (0.27%)

Melo et al. (2010) Brazil 73/24 590 (0.30%)

Galvis et al. (2014) Colombia 1/2674 (0.04%)
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erative randomized treatment, all
patients received topical 0.5% levoflox-
acin for 6 days after cataract surgery.
The rate of endophthalmitis was 1.5 per
1000 patients in those treated preoper-
atively with levofloxacin versus 2.1 per
1000 patients in those not treated with
topical levofloxacin preoperatively. The
difference between the two groups was
not statistically significant, RR 0.71
(95% CI: 0.34; 1.48) (Fig. 3).

The effect of postoperative topical
chloramphenicol treatment was
reported in a retrospective Norwegian
study (R�aen et al. 2013). In Sweden,
topical antibiotic treatment is not used
routinely and yet the reported rates of
endophthalmitis are among the lowest
reported worldwide (see Table 1). This
prompted the Department of Ophthal-
mology at the University Hospital of
Oslo in Norway to stop using postop-
erative antibiotic topical treatment,
and they evaluated the rate of endoph-
thalmitis in the years preceding and

following the change in postoperative
topical antibiotic treatment.All patients
received intracameral cefuroxime unless
they had a history of penicillin allergy.
The rate of endophthalmitis was 0.7 per
1000 patients in the time period where
topical chloramphenicol was used ver-
sus 0.5 per 1000 patients in the time
period where no topical antibiotic treat-
ment was used postoperatively. The
difference between time periods was
not significant, RR 1.43 (95% CI: 0.38;
5.31) (Fig. 3).

The summary of findings and the
quality of evidence concerning the
prophylactic use of topical antibiotic
treatment is presented in Table 4. The
quality of evidence was high for the
randomized trial evaluating the rate of
endophthalmitis in patients random-
ized to preoperative levofloxacin or
placebo. The quality of evidence was
graded as low according to the
GRADE guidelines for the retrospec-
tive study (Guyatt et al. 2011g).

Discussion

Endophthalmitis is the most feared
complication after cataract surgery.
There are striking global differences in
the prevalence of endophthalmitis. The
risk of endophthalmitis is more than
doubled in the USA compared to
Europe even when comparing nation-
wide data covering the period of time,
0.05% in the years 2002–2004 in Swe-
den (Lundstrom et al. 2007) versus
0.12% in the years 2003–2004 in the
USA (Keay et al. 2012). Although the
populations covered by the reports may
not be directly comparable, both afore-
mentioned reports are based on a very
large number of patients, 225 000 in the
Swedish report and 3 280 000 in the US
report, and both report from publically
funded healthcare systems (the Medi-
care in the US). A direct comparison
between the different reports of end-
ophthalmitis rates is not always possi-
ble as important information on major

Fig. 2. Forest plot showing the effect of peri-operative, prophylactic intracameral antibiotic treatment as reported in the randomized trial and the 17

observational studies reporting endophthalmitis rate in patients receiving intracameral antibiotic prophylaxis (cefazolin, cefuroxime, moxifloxacin or

vancomycin) versus no intracameral antibiotic prophylaxis.
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risk factors, for example age, gender,
capsule rupture or the use of intracam-
eral antibiotics, is not always available.
Nevertheless, the data bring us one
important message: the rate of endoph-
thalmitis can be reduced if prophylactic
actions are taken.

This raises the important question:
What is the most effective prophylactic
regime? The aim of the present system-
atic review was to evaluate the effect of
antibiotic treatment alone, but the role
of cleaning the conjunctiva by povi-
done-iodine, keeping the eye lashes out
of the surgical field and treating ble-
pharitis prior to surgery, is also of
importance. It is, however, beyond the
scope of the present study to provide
evidence-based recommendations for
non-antibiotic prophylactic regimes.

We examined the evidence for a
prophylactic role of intracameral
cefuroxime and found high-quality evi-
dence that it significantly reduces the
rate of endophthalmitis (ESCRS End-
ophthalmitis Study Group 2007; Seal
et al. 2006). Two to four cases of
endophthalmitis can be avoided per
1000 cataract surgeries performed when
intracameral cefuroxime is used. The
finding of the randomized trial was
confirmed by several retrospective,
observational studies (Wejde et al.
2005a; ESCRS Endophthalmitis Study
Group 2007; Lundstrom et al. 2007;
Yu-Wai-Man et al. 2008; Garat et al.
2009; Anijeet et al. 2010; Barreau et al.
2012; van der Merwe et al. 2012;
Romero-Aroca et al. 2012; Tan et al.
2012; Beselga et al. 2014; Friling et al.
2013; Galvis et al. 2014; Matsuura et al.
2013; Myneni et al. 2013; Rodriguez-
Caravaca et al. 2013; Shorstein et al.
2013; Rudnisky et al. 2014). The ESCRS
study has been criticized for a high rate of
endophthalmitis in the non-cefuroxime
group, but as the present meta-analysis
demonstrates, comparable rates of end-
ophthalmitis in the non-cefuroxime group
was found in the ESCRS study and in the
observational studies. Furthermore, the
rate in the non-cefuroxime group is com-
parable to that reported in many of the
studies summarized in Table 1. Thus, the
authors of the present systematic review
have found that the ESCRS reports high-
quality and reliable data that undisputed-
ly demonstrate a significant prophylactic
effect of intracameral cefuroxime. Several
studies have shown that intracameral
cefuroxime at a dose of 1 mg in 0.1 ml
is safe for the human eye (Montan et al.T

a
b
le

3
.
S
u
m
m
a
ry

o
f
fi
n
d
in
g
s
a
n
d
q
u
a
li
ty

o
f
ev
id
en
ce

co
n
ce
rn
in
g
th
e
p
ro
p
h
y
la
ct
ic

ro
le

o
f
in
tr
a
ca
m
er
a
l
a
n
ti
b
io
ti
c
a
d
m
in
is
tr
a
ti
o
n
.

O
u
tc
o
m
es
:
p
o
st
-p
h
a
co
em

u
ls
ifi
ca
ti
o
n

en
d
o
p
h
th
a
lm

it
is
ra
te
s

N
o
o
f
P
a
rt
ic
ip
a
n
ts

(s
tu
d
ie
s)

Q
u
a
li
ty

o
f
th
e
ev
id
en
ce

(G
R
A
D
E
)

R
el
a
ti
v
e
eff

ec
t
(9
5
%

C
I)

A
n
ti
ci
p
a
te
d
a
b
so
lu
te

eff
ec
ts

R
is
k
w
it
h
o
u
t
in
tr
a
ca
m
er
a
l

a
n
ti
b
io
ti
c

R
is
k
d
iff
er
en
ce

w
it
h
in
tr
a
ca
m
er
a
l

a
n
ti
b
io
ti
c
(9
5
%

C
I)

C
ef
a
zo
li
n
,
n
o
n
-R

C
T

9
3
7
5
7
(3

st
u
d
ie
s)

⊕
⊕
⊕
⊝

m
o
d
er
a
te

†

D
u
e
to

la
rg
e
eff

ec
t

R
R

0
1
(0
0
6
–0
1
7
)

3
p
er

1
0
0
0

2
fe
w
er

p
er

1
0
0
0
(f
ro
m

2
fe
w
er

to
2
fe
w
er
)

C
ef
u
ro
x
im

e,
R
C
T

1
6
2
1
1
(1

st
u
d
y
)

⊕
⊕
⊕
⊕

h
ig
h

R
R

0
2
1
(0
0
8
–0
5
5
)

3
p
er

1
0
0
0

2
fe
w
er

p
er

1
0
0
0
(f
ro
m

1
fe
w
er

to
3
fe
w
er
)

C
ef
u
ro
x
im

e,
n
o
n
-R

C
T

9
4
4
1
7
3
(1
0
st
u
d
ie
s)

⊕
⊕
⊕
⊝

m
o
d
er
a
te

†

D
u
e
to

la
rg
e
eff

ec
t

R
R

0
0
9
(0
0
5
–0
1
5
)

4
p
er

1
0
0
0

4
fe
w
er

p
er

1
0
0
0
(f
ro
m

4
fe
w
er

to
4
fe
w
er
)

M
o
x
ifl
o
x
a
ci
n
,
n
o
n
-R

C
T

1
1
6
1
4
9
(5

st
u
d
ie
s)

⊕
⊕
⊝
⊝

lo
w

R
R

0
2
2
(0
1
–0
5
)

1
p
er

1
0
0
0

0
fe
w
er

p
er

1
0
0
0
(f
ro
m

0
fe
w
er

to
1
fe
w
er
)

V
a
n
co
m
y
ci
n
,
n
o
n
-R

C
T

9
1
8
9
3
(3

st
u
d
ie
s)

⊕
⊝
⊝
⊝

v
er
y
lo
w
‡
,§

D
u
e
to

in
co
n
si
st
en
cy
,
im

p
re
ci
si
o
n

R
R

0
3
(0
0
2
–3
9
)

1
p
er

1
0
0
0

0
fe
w
er

p
er

1
0
0
0
(f
ro
m

1
fe
w
er

to
2
m
o
re
)

C
I
=
co
n
fi
d
en
ce

in
te
rv
a
l;
R
R

=
ri
sk

ra
ti
o
.

G
R
A
D
E

W
o
rk
in
g
G
ro
u
p
g
ra
d
es

o
f
ev
id
en
ce
:
H
ig
h
q
u
a
li
ty
:
F
u
rt
h
er

re
se
a
rc
h
is

v
er
y
u
n
li
k
el
y
to

ch
a
n
g
e
o
u
r
co
n
fi
d
en
ce

in
th
e
es
ti
m
a
te

o
f
eff

ec
t;
M
o
d
er
a
te

q
u
a
li
ty
:
F
u
rt
h
er

re
se
a
rc
h
is

li
k
el
y
to

h
a
v
e
a
n

im
p
o
rt
a
n
t
im

p
a
ct

o
n
o
u
r
co
n
fi
d
en
ce

in
th
e
es
ti
m
a
te

o
f
eff

ec
t
a
n
d
m
a
y
ch
a
n
g
e
th
e
es
ti
m
a
te
;
L
o
w
q
u
a
li
ty
:
F
u
rt
h
er

re
se
a
rc
h
is
v
er
y
li
k
el
y
to

h
a
v
e
a
n
im

p
o
rt
a
n
t
im

p
a
ct

o
n
o
u
r
co
n
fi
d
en
ce

in
th
e
es
ti
m
a
te

o
f
eff

ec
t

a
n
d
is
li
k
el
y
to

ch
a
n
g
e
th
e
es
ti
m
a
te
;
V
er
y
lo
w

q
u
a
li
ty
:
W
e
a
re

v
er
y
u
n
ce
rt
a
in

a
b
o
u
t
th
e
es
ti
m
a
te
.

R
a
n
d
o
m
iz
ed

tr
ia
ls
b
eg
in

a
s
h
ig
h
-q
u
a
li
ty

ev
id
en
ce

a
n
d
ca
n
b
e
u
p
g
ra
d
ed

o
r
d
o
w
n
g
ra
d
ed

O
b
se
rv
a
ti
o
n
a
l
st
u
d
ie
s
b
eg
in

a
s
lo
w

q
u
a
li
ty

o
f
ev
id
en
ce

a
n
d
ca
n
b
e
u
p
g
ra
d
ed

o
r
d
o
w
n
g
ra
d
ed
.

T
h
e
b
a
si
s
fo
r
th
e
a
ss
u
m
ed

ri
sk

(e
.g

th
e
m
ed
ia
n
co
n
tr
o
l
g
ro
u
p
ri
sk

a
cr
o
ss

st
u
d
ie
s)

is
p
ro
v
id
ed

in
fo
o
tn
o
te
s
T
h
e
co
rr
es
p
o
n
d
in
g
ri
sk

(a
n
d
it
s
9
5
%

co
n
fi
d
en
ce

in
te
rv
a
l)
is

b
a
se
d
o
n
th
e
a
ss
u
m
ed

ri
sk

in
th
e

co
m
p
a
ri
so
n
g
ro
u
p
a
n
d
th
e
re
la
ti
v
e
eff

ec
t
o
f
th
e
in
te
rv
en
ti
o
n
(a
n
d
it
s
9
5
%

C
I)
.

†
U
p
g
ra
d
ed

b
ec
a
u
se

o
f
m
a
rk
ed

eff
ec
t
o
f
in
tr
a
ca
m
er
a
l
a
n
ti
b
io
ti
c.

‡
L
a
rg
e
d
iff
er
en
ce
s
in

es
ti
m
a
te
s
a
n
d
co
n
fi
d
en
ce

in
te
rv
a
ls
b
et
w
ee
n
st
u
d
ie
s.

§
T
o
o
fe
w

ev
en
ts

(e
n
d
o
p
h
th
a
lm

it
is
ca
se
s)

a
n
d
in
cl
u
d
ed

p
a
ti
en
ts

fo
r
a
d
efi
n
it
e
co
n
cl
u
si
o
n
to

b
e
d
ra
w
n
p
lu
s
co
n
fi
d
en
ce

in
te
rv
a
l
cr
o
ss

R
R

1
.0
.

310

Acta Ophthalmologica 2015



2002b; Gupta et al. 2005; Lam et al.
2010).

Surveys on the use of prophylactic
antibiotic regimes published after the
publication of the ESCRS trial show
that there are large global differences in
the use of intracameral antibiotic ther-
apy. In Sweden, nearly all patients
receive intracameral antibiotic (99%)
(Friling et al. 2013). The ESCRS 2012
survey found that 74% always used
intracameral antibiotics (Barry 2014).
A Greek study found that 50% of
surgeons use intracameral cefuroxime
(Mataftsi et al. 2011). In the UK, 40%
(Murjaneh et al. 2010) to 54% (Nana-
vaty & Wearne 2010) of ophthalmol-
ogy units and 63% of the United
Kingdom and Ireland Society of Cat-
aract and Refractive surgeons (Gore
et al. 2009) use intracameral antibiotic
as standard. The ASCRS survey
showed that 30% used intracameral
antibiotic; of those who did, half used
it as injection and the other half in the
irrigation fluid, whereas nearly all sur-
geons (98%) used topical antibiotic
postoperatively (Chang et al. 2007).
In Singapore, 30% of surgeons use
intracameral antibiotic (Han & Chee
2012). In New Zealand, 24% use
intracameral antibiotic and 92% use
postoperative topical antibiotic (Pick
et al. 2008). The main reason for not

using intracameral antibiotic reported
in the above-mentioned studies has
been a fear of risks associated with
the use and the lack of a commercially
available preparation.

Around 5% of patients who are
allergic to penicillin may respond with
cross-reactivity to cephalosporins. Seri-
ous systemic anaphylactic reactions
have been reported after the use of
intracameral cefuroxime (Villada et al.
2005). However, a study based on 36
patients with penicillin allergy (ranging
from rash to loss of consciousness) did
not find any adverse effects after sub-
conjunctival cefuroxime injection (Mi-
tra & McElvanney 2006). Each surgeon
must make his or her own choice when
it comes to the use of intracameral
cefuroxime in patients with a history of
allergic reaction to penicillin or cepha-
losporin.

One of the practical problems asso-
ciated with intracameral cefuroxime
has been the lack of a commercially
available ready-to-use drug. This has
caused fear of dilution errors. Errone-
ous injection of 3 mg in 0.1 ml in six
patients did not result in adverse effects
(Sakarya & Sakarya 2010), whereas
62.5 mg resulted in macular infarction
(Qureshi & Clark 2011). A larger case
series from Finland showed that erro-
neously high amounts of cefuroxime

(between 10 and 100 mg intracameral-
ly) resulted in severe ocular toxicity
with corneal oedema and lowering of
visual field sensitivity but that half of
the patients ended with a reasonable
(>0.5 Snellen) visual acuity (Olavi
2012). In Europe, a ready-to-mix solu-
tion of cefuroxime has been approved,
thus minimizing the risk of dilution
errors. It is hoped that a ready-to-mix
cefuroxime formulation will also be
available in the rest of the world in the
future. Using intracameral cefuroxime
is not cost-free, but studies have shown
that intracameral cefuroxime is cost-
effective, whereas the topical use of
ciprofloxacin, ofloxacin, moxifloxacin
and gatifloxacin is not (Sharifi et al.
2009).

So far, no international ophthalmo-
logical society has advocated strongly
for the use of intracameral cefuroxime.
A joint European initiative aimed at
improving the quality of cataract sur-
gery, the EUREQUO, reports lower
incidence of postoperative endoph-
thalmitis after intracameral cefuroxime
but does not recommend the use/no use
of intracameral antibiotic (Lundstrom
et al. 2012). The Canadian Ophthalmo-
logical Society has a consensus state-
ment saying that if the surgeon has a
higher endophthalmitis rate than pub-
lished norms, consideration should be

Study or subgroup
3.1.1 RCT, topical antibiotic prophylaxis
ESCRS study 2007
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.92 (p = 0.36)

3.1.1 Non-RCT, topical antibiotic prophylaxis
Råen 2013
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (p = 0.60)

Total (95% CI)
Total events
Heterogeneity: τ² = 0.00; χ² = 0.83, df = 1 (p = 0.36); I  = 0%
Test for overall effect: Z = 0.54 (p = 0.59)
Test for subgroup differences: χ² = 0.83, df = 1 (p = 0.36), I  = 0%

Events

12

12

5

5

17

Total

8101
8101

7123
7123

15224

Events

17

17

4

4

21

Total

8110
8110

8131
8131

16241

Weight

76.0%
76.0%

24.0%
24.0%

100.0%

M-H, Random, 95% CI

0.71 [0.34, 1.48]
0.71 [0.34, 1.48]

1.43 [0.38, 5.31]
1.43 [0.38, 5.31]

0.84 [0.44, 1.59]

Topical antibiotic No antibiotic Risk ratio Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours antibiotic Favours no antibiotic

² 

² 

Fig. 3. Forest plot showing the effect of prophylactic topical antibiotic therapy as reported in the randomized trial and in the observational study.
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given to change to intracameral or
subconjunctival antibiotic supplemen-
tation (Canadian Ophthalmological
Society Cataract Surgery Clinical Prac-
tise Guideline Expert Committee 2008).
The recommendations from the British
Royal College of Ophthalmologists are
similar to the Canadian (The Royal
College of Ophthalmologists 2010). The
American Association of Ophthalmol-
ogists recommends ‘It would appear
that antibiotic use on the day of surgery
is important rather thanwaiting until the
next day. Any additional prophylactic
antibiotic strategy in the perioperative
period is up to the ophthalmologist to
determine’ (AmericanAcademy of Oph-
thalmology 2011). Thefindings reported
in the present study should, however,
lead all ophthalmological societies to
make a strong recommendation to use
intracameral cefuroxime.

The second part of the present sys-
tematic review deals with the use of
topical antibiotics in the prevention of
endophthalmitis. Surveys have shown
that nearly all surgeons prescribe topical
antibiotics to be administered after cat-
aract surgery (Rosha et al. 2006; Chang
et al. 2007; Pick et al. 2008). In theory,
topical antibiotics may work by reduc-
ing the number of bacteria on the
conjunctiva, thus lowering the risk of
intraocular contamination either during
surgery or through a leaking wound
postoperatively. Three days of topical
antibiotic treatment reduces the number
of positive conjunctival samples by
approximately 50% (Inoue et al. 2008;
He et al. 2009). In other words, even
after several days of antibiotic treat-
ment, a high number of bacteria remain
on the conjunctiva lowering the theo-
retical rationale for topical antibiotic
prophylaxis. Topical antibiotic therapy
was not found to lower the rate of
endophthalmitis in the ESCRS study
(ESCRS Endophthalmitis Study Group
2007) nor in a retrospective Norwegian
study (R�aen et al. 2013). Unnecessary
antibiotic therapy carries a risk of
selecting drug-resistant bacterial
strains. An American study found that
five of 31 endophthalmitis cases treated
with perioperative gatifloxacin or moxi-
floxacin were resistant to gatifloxacin
and moxifloxacin (Deramo et al. 2006).
We did not find a protective effect of
topical antibiotics. In addition, we did
not find evidence that postoperative use
of topical antibiotics increases the risk
of endophthalmitis as has beenT
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described after anti-VEGF injections
(Cheung et al. 2012; Storey et al. 2014).

Conclusions and
recommendations

In conclusion, we found strong and
consistent evidence that intracameral
cefuroxime administered at the conclu-
sion of cataract surgery significantly
lowers the risk of endophthalmitis.
Two to four cases of endophthalmitis
per 1000 surgeries can be avoided if
surgeons adopt the use of intracameral
cefuroxime and the authors of the
review strongly recommend its use.
We could not find any evidence that
topical antibiotic treatment after cata-
ract surgery lowers the risk of endoph-
thalmitis. As there is no documented
effect of topical antibiotic treatment
and its use may be associated with
concern for selection of resistant bac-
terial strains, we cannot recommend
using it.
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