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Abstract
Background/objectives Postoperative endophthalmitis is a rare, but serious complication of pars plana vitrectomy (PPV).
Subconjunctival cefuroxime injection has been the traditional choice for post vitrectomy endophthalmitis prophylaxis. Its
effectiveness and safety in this context are however poorly understood and cases of retinal toxicity have been reported. The
traditional standard subconjunctival antibiotic prophylaxis has been superceded in cataract surgery by intracameral antibiotic
prophylaxis.
Subjects/methods The primary aim of this three centre non-randomised retrospective database cohort study of 7,532 PPV
procedures was to identify the rate of endophthalmitis in cohorts of patients treated with intracameral or subconjunctival
cefuroxime. A secondary aim was to estimate the achieved intraocular antibiotic concentrations of cefuroxime in eyes with
intracameral versus subconjunctival administration using mathematical modelling.
Results The overall incidence of postoperative endophthalmitis was 0.07% (5/7532). There were no cases of endophthal-
mitis in eyes receiving intracameral cefuroxime alone or in combination with subconjunctival cefuroxime (0/5586). Patients
receiving subconjunctival cefuroxime alone had a higher incidence of endophthalmitis (0.22%, 4/1835), and there was one
case of endophthalmitis in eyes not receiving any perioperative antibiotics (0.9%, 1/111). No cases of cefuroxime toxicity
were identified. With subconjunctival cefuroxime, in the presence of a sclerotomy leak, we estimated the vitreous drug
concentration to be higher than that for intracameral cefuroxime and potentially toxic.
Conclusions Intracameral cefuroxime appears to be a safe and efficient choice for prophylaxis against endophthalmitis after
PPV. Small eyes with intraocular tamponade seem to be at particular risk of drug toxicity if cefuroxime is administered via
the subconjunctival route.

Introduction

Postoperative endophthalmitis is a rare but potentially
devastating complication following pars plana vitrectomy
(PPV) [1]. By definition, it refers to the propagation of
pathogenic organisms inside the eye postoperatively. As
with other intraocular procedures, endophthalmitis follow-
ing PPV is most commonly caused by gram-positive
organisms, such as coagulase negative staphylococci [2].
Outcomes are generally poor, with a final visual acuity of
light perception or worse in up to 33% of cases [1, 3, 4].

The Postoperative Endophthalmitis Study Group esti-
mated the incidence of endophthalmitis after PPV to be
0.07% in a multicentre study of 12,216 patients in 1995 [1].
Since then, technology has rapidly developed with the
advent of smaller gauge transconjunctival cannula based
vitrectomy, and various groups have conducted retro-
spective studies, reporting an endophthalmitis incidence
between 0.02 and 0.13% [4–6]. Despite initial concern,
recent series have not identified an association between
vitrectomy gauge and rates of postoperative endophthal-
mitis [4, 6, 7]. Risk factors for developing endophthalmitis
after PPV include diabetes mellitus, vascular retinopathies,
blepharitis, complex long surgery, leaking sclerotomies,
absence of tamponade and postoperative hypotony [1, 4, 8–
10]. Clearly some of these risks are non-modifiable,
whereas others may be mitigated pre-operatively, and others
are related to surgical technique.

Various methods are utilised to reduce the risk of
endophthalmitis. Pre-operatively, this includes optimising
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general health, for example diabetic control, and treating co-
existing ocular disease such as blepharitis. Peri-operatively,
5% povidone-iodine applied prior to commencing surgery
has been shown to reduce the risk of bacterial endophthal-
mitis in patients undergoing cataract surgery, the precau-
tionary principal makes it reasonable to presume the same to
be true for PPV [11]. At the end of PPV surgery sub-
conjunctival antibiotics have traditionally been used,
although the evidence for choice of drug and their efficacy
was shown to be limited in a retrospective case series of
18,886 patients [4, 8, 9, 12]. Indeed, it has been shown that
some antibiotics may even be harmful. Subconjunctival
gentamicin, for example, has been associated with a risk of
retinal toxicity, macular infarction and severe visual loss
[9, 13].

In general, cefuroxime, a second-generation cephalos-
porin, which exhibits broad-spectrum bactericidal activity
against gram-positive and gram-negative organisms, has
been used as prophylaxis in cataract and PPV surgery
[14, 15]. It causes bacterial cell lysis by binding to penicillin
binding protein sites to inhibit cell wall synthesis in a time
and concentration dependent manner [16, 17]. The epide-
miologic cut off values (Minimum Inhibitory Concentration
separating a population into isolates with and without
resistance to the drug) for cefuroxime for different organ-
isms are as follows; Staphlococcus aureus (<4 mcg/ml),
Streptococcus pneumoniae (<0.125 mcg/ml), Escherichia
coli (<8 mcg/ml), Proteus mirabilis (<4 mcg/ml), Haemo-
philus influenzae (<2 mcg/ml) [17]. The aim of treatment is
therefore to achieve concentrations of at least 8 mcg/ml.

Sub-conjunctival cefuroxime at doses of 62.5 mg/ml and
125 mg/ml for cataract surgery have been shown to result in
aqueous humor concentrations of 12.33 mcg/ml and 20.23
mcg/ml, respectively, at 12–24 min post-injection [18].
Interestingly, a rabbit model showed that the vitreous cavity
concentration of cefuroxime after subconjunctival admin-
istration was significantly lower than that achieved in the
aqueous humor [19]. Once the drug is injected into the
anterior chamber, it percolates into the vitreous cavity and
equilibrates by diffusion and convection, dependent on the
mesh size of the vitreous, drug molecular weight and net
charge [20]. A vitrectomised eye is therefore likely to result
in a faster distribution of drug in the vitreous cavity which is
of importance in PPV endophthalmitis prophylaxis. In
addition, if one considers that a subconjunctival drug may
enter the vitreous cavity directly through a leaking scler-
otomy, then the vitreous cavity concentration may be sig-
nificantly higher, and inconsistent depending on the case
and degree of leak.

A more consistent delivery of cefuroxime to achieve an
accurate intraocular concentration, therefore, may be via the
intracameral route which has both become standard and
shown to offer superior postoperative endophthalmitis

levels in cataract surgery [21]. Intracameral cefuroxime
(Aprokam®, Laboratoires Thea, Clermont-Ferraud, France)
is a single-use preparation which was approved by the
European Medicines Agency for the antibiotic prophylaxis
of postoperative endophthalmitis after cataract surgery at a
dose of 1 mg in 0.1 ml [22].

On the assumption that the mean anterior chamber
volume is 0.17 ml, this intracameral dose achieves a con-
centration near 5.5 mg/ml which is considered more than
that required for optimal bactericidal activity, will reduce as
it diffuses into the posterior segment, and is significantly
higher than would be achieved by subconjunctival admin-
istration [18, 23]. A retrospective study of 36,743 eyes
found switching subconjunctival to intracameral cefuroxime
resulted in a threefold decrease in endophthalmitis rates
following phacoemulsification [24]. The concentration has
been shown to be highly effective in reducing the rate of
postoperative endophthalmitis following cataract surgery
and is now standard care in most European units [14, 21].

Translating the safety and efficacy of intracameral
cefuroxime to PPV causes debate, and there is minimal
evidence in the literature apart from a case series of 152
combined phacovitrectomy procedures which found no
endophthalmitis and no toxicity at a mean follow-up of
6.3 months [15]. There are no published reports of drug
toxicity after intracameral cefuroxime in PPV. In vitro and
animal studies have shown cefuroxime can exert direct toxic
effects on retinal vascular endothelial cells [25]. Intra-
cameral doses of 10–100 mg have been shown to be toxic in
small case series and reports [26–29]. The total number of
cases cited in these reports is 28 with a mean intracameral
dose of 53.8 mg. Assuming an average intraocular volume
of 7 ml, we estimate a toxic limit based on these cases to be
7.5 mg/ml.

The aims of this study were to:

1. Compare the efficacy of intracameral cefuroxime with
subconjunctival cefuroxime in preventing post PPV
endophthalmitis.

2. Mathematically estimate the vitreous concentrations
of intracameral or subconjunctival cefuroxime in eyes
undergoing PPV with or without internal tamponade.

Materials and methods

This was a retrospective, consecutive case series conducted
in accordance with the principles of the Declaration of
Helsinki. All vitreoretinal operations, including pars plana
vitrectomies, performed at our institution under the care of 3
consultant vitreoretinal surgeons (THW, DAHL, RW) have
been prospectively recorded on an electronic patient record
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(EPR) system (Vitreor, Axsys Technologies, Glasgow, UK)
since October 1998.

An anonymised search was performed for all PPV
operations undertaken between July 1997 and January
2020. The primary outcome was the incidence of post-
operative presumed endophthalmitis on clinical examina-
tion findings. All patients had 5% povidone iodine instilled
on the ocular surface, 10% povidone iodine to the skin and
an aseptic placing of a surgical drape. At the conclusion of
the case after sclerostomy closure, cefuroxime was either
delivered using a 27-gauge needle to the subconjunctival
space at a dose of 125 mg in 1 ml or via an angulated
anterior chamber paracentesis intracamerally using a 30-
gauge needle at a dose of 1 mg in 0.1 ml. All patients
received a minimum of 2 weeks postoperative steroid and
antibiotic eye drops.

The second part of the study was to mathematically
calculate the potential doses of cefuroxime in the vitreous
cavity depending on the degree of sclerotomy leak in eyes
with or without ocular tamponade. We estimated the
volume of tamponade to be 80% which takes into account
residual vitreous, aqueous volume, lens volume and a small
residual liquid layer in the vitreous cavity. A previous study
has found a similar mean tamponade fill (78%) during
macular hole surgery [30]. In order to estimate different eye
volumes, we used a mathematical formula, based on axial
length described by Nagra et al. [31]. This approximated the
ocular volume in a hypermetrope, emmetrope and myope to
be 4 ml, 7 ml and 10 ml, respectively. To estimate the
cefuroxime concentration, we divided the dose of the
injected drug by the ocular volume. In the absence of an
alternative model we estimated a small and large sclerotomy
leak to be 0.1 ml and 0.5 ml, respectively (which account
for intraocular drug doses of 12.5 mg and 62.5 mg
cefuroxime).

Results

There were 7532 PPVs performed during the study period.
Of these, 2481 received 125 mg subconjunctival cefurox-
ime, and 5586 received 1 mg intracameral cefuroxime. 646
patients received antibiotics via both routes and 111
received no antibiotics. The incidence of postoperative
endophthalmitis was 0.22% (4/1835) in the subconjunctival
only group versus 0.00% (0/4940) in the intracameral only
group [31]. There were no cases of endophthalmitis in
patients receiving intracameral and subconjunctival cefur-
oxime together, and one case of endophthalmitis in patients
who didn’t receive any antibiotics (0.9%, 1/111) There were
no detected cases of toxicity secondary to cefuroxime in
either the intracameral or subconjunctival group. The dis-
tribution of cases by vitrectomy gauge was as follows: 20-

gauge, 71 PPVs; 23-gauge, 4450 PPVs; 25-gauge, 1398
PPVs; undocumented, 1613 PPVs.

Using the mathematical modelling of Nagra et al., most
eyes have ocular volumes of between 4 and 10 ml depen-
dent on their axial length [31]. Therefore, after intracameral
cefuroxime (1 mg in 0.1 ml), the expected concentration in
the vitreous cavity, with no tamponading agent, would be
0.3 mg/ml, 0.1 mg/ml and 0.1 mg/ml for an eye with an
ocular volume of 4 ml, 7 ml and 10 ml, respectively.

The estimated vitreous concentration following sub-
conjunctival cefuroxime in 7 ml volume eyes with no
tamponade agent and a small leak (0.1 ml), was 1.8 mg/ml,
which increased to 9.0 mg/ml in eyes with a larger leak
(0.5 ml). (Figure 1) Smaller eyes had higher concentrations,
whereas larger eyes had lower concentrations of cefuroxime
for the same volume of leak. Figure 1 shows the wide range
of vitreous cavity concentrations obtained depending on
antibiotic administration route and degree of sclerotomy
leak. It also shows how these doses compare to a potentially
toxic dose (7.5 mg/ml).

In eyes receiving an ocular tamponade, the predicted
vitreous cavity cefuroxime concentration was higher due to
the reduced aqueous volume present. With 1 mg intra-
cameral administration, the vitreous concentration was
0.7 mg/ml in 7 ml volume eyes, increasing to 1.3 mg/ml in
4 ml eyes, and reducing to 0.5 mg/ml in 10 ml eyes. In 7 ml
volume eyes receiving subconjunctival cefuroxime with a
mild sclerotomy leak (0.1 ml), the vitreous concentration
was 8.9 mg/ml, which increased to 44.6 mg/ml in eyes with
a significantly leaky sclerotomy (0.5 ml). In 4 ml eyes, the
concentration of cefuroxime was higher than the potentially
toxic dose following subconjunctival administration with
any degree of sclerotomy leak (e.g. 15.6 mg/ml with a
0.1 ml leak). (Figure 2).

Discussion

We found the overall rate of endophthalmitis was low,
measuring 0.07% (5/7532). This is in keeping with other
database studies, which have found endophthalmitis rates
between 0.02 and 0.13% [1, 4–6]. There were no cases of
endophthalmitis in 5586 patients who received intracameral
cefuroxime, compared to 0.22% (4/1835) in eyes which
received subconjunctival cefuroxime. In addition to the
superior efficacy, our predictions calculated that intra-
cameral administration resulted in safer vitreous con-
centrations than subconjunctival administration of
cefuroxime. As with any drug therapy, the priority is to
achieve a therapeutic level with the lowest possible dose to
minimise the chance of side effects. The therapeutic level to
achieve bacteriocidal activity against the aforementioned
organisms was 8 mcg/ml, which is far exceeded by
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intracameral cefuroxime in our study (0.1–0.3 mg/ml for an
eye receiving no tamponade, and 0.5–1.3 mg/ml for an eye
with tamponade). These concentrations are substantially
lower than our calculated potential toxicity level (7.5 mg/
ml). Therefore, our work gives support for intracameral
cefuroxime being used as standard practice.

The risk of toxicity with cefuroxime is a complex issue.
It has been shown that the viability of cultured endothelial
cells can be significantly reduced when exposed to cefur-
oxime concentrations higher than 2.75 mg/ml [32]. This has
potential implications for eyes undergoing phacoemulsifi-
cation and the resultant damage to the endothelial cell layer

from ultrasonic energy [33]. A small study of 90 patients
found no difference in endothelial cell count between
patients undergoing phacoemulsification with or without
intracameral cefuroxime, however [34].

Regarding retinal toxicity, Koul et al. found no sig-
nificant histopathological or electroretinography abnormal-
ities after intravitreal injection of either 100 µg or 1 mg
cefuroxime in rabbit eyes [35]. Another study on albino
rabbit eyes found that 10 mg cefuroxime injected intravi-
treally caused structural and electroretinographic alterations
[36]. Interestingly, Miyake et al. found an intravitreal
injection of 2 µl of cefuroxime (2 mg/ml) resulted in direct

Fig. 2 Predicted vitreous concentration of cefuroxime in eyes of
different volume with tamponade agents. In the presence of an
intraocular tamponade, due to the reduced volume of distribution, the
vitreous concentration of subconjunctival cefuroxime with any degree

of sclerotomy leak is potentially toxic. The horizontal dashed line
represents an estimated toxic dose level of 7.5 mg/ml. Cef=
cefuroxime.

Fig. 1 Predicted vitreous concentration of cefuroxime in eyes of
different volume with no tamponade. The vitreous concentration
achieved with subconjunctival cefuroxime is significantly higher than
intracameral cefuroxime. There is a linear relationship between degree
of sclerotomy leak and vitreous cefuroxime concentration after

subconjunctival delivery. Small volume eyes are at particular risk of
toxicity, and normal volume eyes with a large leak also carry potential
risk. The horizontal dashed line represents an estimated toxic dose
level of 7.5 mg/ml. Cef= cefuroxime.
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retinal toxicity after 12 h and a strong inflammatory
response with locally raised IL-8 and IL-1β levels that were
dose-dependent [25]. Despite this, a large study has found 1
mg intracameral cefuroxime to be relatively safe in cataract
surgery, with minimal toxicity reports at the recommended
dose [21]. It is reassuring to know that most cases of retinal
toxicity induced by intracameral cefuroxime have been with
inadvertent overdose, although this reiterates the importance
of using licensed products and being sure of the volume
injected [26–29].

Intracameral cefuroxime is a consistent dose with
intraocular concentrations, which are not strongly influ-
enced by the integrity of the PPV sclerotomies. There is a
wide range of practice regarding the closure of sclerotomy
sites, with some receiving sutures and others not, and
therefore it can be presumed that many cases have small
leaks, which are often deemed clinically insignificant. Our
data show that leaking sclerotomies have significant
implications for patients receiving subconjunctival cefur-
oxime, who may therefore receive a potentially toxic dose,
particularly when an ocular tamponade is also used.

We found that small eyes, with an estimated ocular
volume of 4 ml, which have a tamponade are particularly at
risk for cefuroxime toxicity after subconjunctival adminis-
tration because any degree of sclerotomy leak results in a
vitreous concentration over the predicted safe concentration
of 7.69 mg/ml. In contrast, we found an intracameral dose
of 1 mg in the same eyes would be unlikely to result in
toxicity.

Limitations of our study include its retrospective nature
and lack of randomisation. Cases receiving subconjunctival
cefuroxime tended to be those earlier in the study period,
and were more likely to be 20-gauge. Later cases tended to
receive intracameral cefuroxime and had a higher propor-
tion of 25-gauge instrumentation due to the timing of
equipment change. Previous studies, however, have not
shown that surgical PPV gauge affects the rate of endoph-
thalmitis [4, 6, 7]. A further limitation on the concentration
data in tamponade eyes is that the figures are based on a
80% tamponade fill. In reality, the degree of fill can vary,
but is unlikely to be higher than this figure. Slight adjust-
ments are unlikely to eliminate the potential risk of toxic
doses for small eyes or those with tamponading agents and
leaking sclerotomies. We estimated a toxic cefuroxime level
from case reports in the literature, but this is likely to be an
overestimate and therefore provides further support for
intracameral instead of subconjunctival cefuroxime.

Our modelling suggests that a 1 mg intracameral dose
will achieve therapeutic range concentrations of intraocular
cefuroxime. We identified no cases of suspected ocular
toxicity or endophthalmitis in a cohort control study of 5586
patients receiving this treatment. Our modelling has sug-
gested that sub conjunctival injections of 125 mg may not

achieve therapeutic intraocular doses and in the presence of
scleraotomy leak can easily result in potentially toxic doses.

Summary

What was known before

● Intracameral cefuroxime is routinely used in Europe as
antibiotic prophylaxis in cataract surgery.

● Pars plana vitrectomy antibiotic prophylaxis is less well
understood and practice varies widely.

What this study adds

● Intracameral cefuroxime appears to be a safe and
efficient antibiotic choice for prophylaxis against
endophthalmitis after PPV.

● Subconjuntival cefuroxime produces a variable intrao-
cular concentration of antibiotic which can potentially
reach a toxic threshold dependent on ocular size,
presence of tamponade and degree of sclerotomy leak.
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