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Comparative intraocular penetration of topical
and injected cefuroxime
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Abstract
Aims-The choice of a prophylactic anti-
biotic for cataract surgery is dependent on
its antibacterial activity and tissue pen-
etration. The influence of the route and
timing ofadministration ofcefuroxime on
its intraocular concentrations was exam-
ined.
Methods-120 patients were recruited be-
fore cataract surgery into a prospective
trial to compare the anterior chamber
concentration of cefuroxime at a fixed
time after adminstration by three routes.
In a further 110 patients, the interval
before sampling was varied in order to
permit an emination of the kinetics of
penetration. In another 10 patients, ce-
furoxime was given topically at the
completion of surgery to assess the effect
of a corneal wound on aqueous penetra-
tion. Cefuroxime concentrations were
measured by high performance liquid
chromatography on 0.2 ml samples of
aqueous aspirated from the anterior
chamber. Mean aqueous concentrations of
cefuroxime for each group were compared
using Student's t test.
Results-After 25 mg cefuroxime, mean
aqueous concentrations increased in the
order forniceal (<0.01 jg/ml) < topical
(0.18 igIml) < subconjunctival (2.31 ItgIml)
when sampled 12-24 minutes after admin-
istration. Aqueous concentrations of ce-
furoxime reached a peak between 80 and
110 minutes after both forniceal and
peribulbar injection but were still rising at
this time after subconjunctival injection.
Topical application of 12.5 mg cefuroxime
to eyes with a 10 mm corneal wound
resulted in a mean aqueous concentration
of 9.34 tgIml.
Conclusion-In the intact eye, only sub-
conjunctival injection resulted in clini-
cally significant aqueous concentrations
of cefuroxime (>1 /gIml) between 12 and
24 minutes after administration. For all
routes, maximal aqueous concentrations
were delayed by at least 80 minutes from
administration. In the presence of a
corneal wound, high aqueous levels of
cefiuroxime were rapidly attained after
topical application.
(BrJ Ophthalmol 1996;80:685-688)

Prophylactic antibiotics are administered to
decrease the incidence of infectious endoph-
thalmitis, but their benefits have never been
proved in a controlled clinical trial.' Preopera-
tive antibiotic therapy should theoretically
reduce periorbital bacterial flora and therefore
reduce autologous bacterial contamination at
the time of surgery, but a large uncontrolled
study only reported a small decrease in the
incidence of endophthalmitis after topical
chloramphenicol.' Another important action of
antibiotic prophylaxis is to provide postopera-
tive wound and intraocular antibiotic concen-
trations sufficient to kill any organisms intro-
duced at the time of surgery. The choice of
antibiotic should, therefore, be determined by
its activity against potential pathogens of post-
operative infection (Tables 1 and 2) and its
bioavailability.
The optimum dose and route of administra-

tion of cefuroxime to the human eye are not
known. This study set out (i) to compare how
the route of antibiotic delivery influences
intraocular penetration in uninflamed human
eyes, (ii) to ascertain the dose of cefuroxime
necessary to attain clinically significant aque-
ous levels for each route, and (iii) to determine
how a corneal wound might influence ce-
furoxime absorption.

Table 1 Organisms cultured in postoperative
endophthalmitis

Driebe et al '3 Puliafito et al
Organism (n=63) % cases (n=17) % cases

S epidermidis 38 58
Saureus 21 12
Streptococci 1 1
Diphtheroids - 6
Proteus 6 6
Serratia 6 6
Propionibacterium 5
Pseudomonas 3 6

Table 2 Minimum inhibitory concentration (MIC90) of
cefuroxime to organisms commonly cultured in postoperative
endophthalmitis 117

MIC90 (1,,g1ml)

S epidermidis 8
S aureus 0.25
Spneumoniae <0.125
Pseudomonas aeruginosa >125
Propionibacterium acnes (0. 1-0.2)*

* MIC90 to cephazolin.
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Table 3 Aqueous concentrations 12-24 minutesfollowing
varying doses of cefuroxime

Dose Number Mean SEM
Route (mg) ofpatients (pglml) (pg/ml)

Topical 2.5 10 0.03 0.01
12.5 10 0.05 0.02
25 10 0.18 0.05

Forniceal 12.5 10 <0.01 0.00
25 10 <0.01 0.00
62.5 10 0.1 0.04
125 8 0.86 0.28
250 7 1.02 0.43

Subconjunctival 12.5 10 1.81 0.47
25 10 2.31 0.71
62.5 10 12.33 2.13
125 10 20.23 4.09

Materials and methods
The study was divided into three parts. In the
first, the dose of cefuroxime given preopera-

tively by topical, forniceal, and subconjunctival
routes was varied. Patients were assigned to
each group on a consecutive basis (see Table
3). Aqueous levels of cefuroxime were then
measured to determine a suitable fixed dose of
cefuroxime for use in the second part of the
study, in which samples were taken at one of
four time intervals after administration. We
also investigated the ocular penetration of
cefuroxime by peribulbar injection in this part
of the study. The doses used are given in Table
4. In the third part of the study, topical
cefuroxime was applied to the wound at
completion of surgery.

DRUG DELIVERY
For topical delivery, a preservative-free solu-
tion of 50 mg/ml cefuroxime (Glaxo) was sup-
plied by the hospital pharmacy. Each drop was
assumed to have a volume of 50 , and to con-
tain 2.5 mg cefuroxime. It was deemed imprac-
ticable to give the patient more than 10 drops
(25 mg cefuroxime) by the topical route.
Drops were administered at intervals of 5 min-
utes when more than one drop was given, the
time interval before sampling being taken from
the last drop. For the postoperative penetration
study, five drops (12.5 mg) were placed at 5
second intervals onto the superior limbus and
aqueous sampled after an interval of3 minutes.
For injection, a solution of 125 mg/ml

cefuroxime in water was made up in the theatre
suite immediately before administration. Sub-
conjunctival cefuroxime was injected under the
inferior bulbar conjunctiva approximately 4

Table 4 Aqueous concentration folloing afixed dose of cefuroxime

Number of
Route and dose Time (min) patients Mean (pug/ml) SEM (ipglml)

Topical 25 mg 12-24 10 0.18 0.05
120-160 10 2.16 0.46

Formiceal 125 mg 12-24 10 0.86 0.28
40-60 9 0.93 0.32

80-110 9 1.57 0.60
120-160 7 0.93 0.51

Peribulbar 125 mg 12-24 10 1.63 0.85
40-60 10 4.74 0.94

80-110 9 6.66 1.11
120-160 8 4.26 0.73

Subconjunctival 25 mg 12-24 10 2.31 0.71
40-60 8 2.85 0.63

80-110 8 4.77 0.84
120-160 9 5.65 1.08

mm from the limbus; forniceal cefuroxime was
injected under the inferior forniceal conjunc-
tiva anterior to the orbital septum; peribulbar
cefuroxime was injected through the conjunc-
tiva adjacent to the inferior orbital floor and
level with the equator of the globe.

SURGERY, AQUEOUS SAMPLING, AND CEFUROXIME
ANALYSIS
A total of 230 patients older than 50 years of
age and without a history of previous ocular
surgery were recruited into the first two parts
of this study. All surgery was performed under
local anaesthetic consisting of topical ame-
thocaine and 6 ml of a 50:50 mixture of
lignocaine 1% and bupivacaine 0.5% given by
peribulbar injection. In all patients, extracap-
sular cataract extraction was employed. A cor-
neal groove was fashioned and a 0.2 ml
aqueous sample aspirated via a 27 gauge
needle into a 1 ml syringe. The anterior cham-
ber was then reformed with Ringer's saline
before proceeding. A further 10 patients were
recruited into part 3 of the study, in which the
penetration of cefuroxime through a 10 mm
corneal wound sutured with five 10:0 nylon
sutures was investigated. Wound integrity was
tested before the application of cefuroxime and
anterior chamber fluid was aspirated through
the wound with a blunt ended 25 gauge
cannula. In all patients, samples were trans-
ferred to a 500 jil Eppendorf vial and stored at
-50°C. Samples were analysed using a Spher-
isorb ODS2 high performance liquid chroma-
tography column in conjunction with a range
of standard concentrations of cefuroxime
reconstituted in water. Samples were not
collected from patients assigned to the for-
niceal mode of drug delivery in whom a bulbar
conjunctival bleb was raised. Eighteen of the
230 aqueous samples were collected outside
the designated time intervals and were not
therefore included in the statistical analysis
(Tables 3 and 4). Mean concentrations for
these groups were compared using Student's t
test.

Results
At an interval of 12-24 minutes after the
administration of 25 mg cefuroxime, the mean
aqueous concentration increased in the order
forniceal (<0.01 jg/ml) < topical (0.18 jg/ml)
< subconjunctival (2.31 pg/ml). Following the
injection of 125 mg cefuroxime, the mean
aqueous concentration increased in the order
forniceal (0.86 ig/ml) < peribulbar (1.63
jg/ml) < subconjunctival (20.23 jg/ml). Only a
subconjunctival injection of >0.5 ml ce-
furoxime (125 mg/ml) resulted in aqueous lev-
els greater than 8 jg/ml (12.33 jig/ml, 95%
confidence interval 8.16-16.5 jg/ml). By the
forniceal route, it was necessary to inject an
impractical 2 ml cefuroxime before clinically
significant aqueous levels were obtained (1.02
jg/ml, 95% confidence interval 0.18-1.86
jg/ml) (Table 3 and Fig 1).
For all routes of administration, however,

peak aqueous levels of cefuroxime occurred
considerably later than 12-24 minutes after
administration. For example, following topical
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Discussion
The clinical significance of the results outlined30 r

E
CD

0
(_

0)

0

0

tn

0

W Forniceal
m Subconju

20

10

12.5

Figure 1 Mean aqueous conc
Error bars indicate 95% confid

10

_ Topica
M Subco
= Peribu
m Fornic

E
7.5

a

C 5_
0

co

c 5 -
(D

0

0

=2.5

12-24

Figure 2 Mean aqueous conco
administration. Error bars indi

above may be assessed by comparing mean
aqueous concentrations of cefuroxime with theinctival NM1Cgo of commonly isolated species in post
cataract surgery endophthalmitis (Tables 1 and
2). These figures should only serve as a guide
to the in vivo activity of cefuroxime because (i)
a tissue environment may interfere with the
interaction between the antimicrobial drug and
bacteria, (ii) these figures are determined for
bacteria in highly specific phases of their
growth cycle, (iii) there may be a difference
between the bactericidal and bacteriostatic

T cefuroxime levels for each species, and (iv) the
_̂IT susceptibility of bacteria to cefuroxime may

25 62.5 125 250 have changed since these studies were pub-25o62.5(mlished. For f lactam antibiotics, such as
Dose (mg) cefuroxime, it is not always necessary to

entrations of cefuroxime 12-24 minutes after administration. achieve very high tissue levels, since their bac-
ience intervals. tericidal activity does not increase at levels

greater than 2-4 times the MIC90 and it is usu-application, levels increased by a factor of 12 alystethtcnnrtiseqvlntote
from0.1gg/lto2.16gg/m whe samlingally stated that concentrations equivalent to the

from 0.18 uig/ml to 2.16 utg/ml when sampling M*9ar sutbefrpohyai.3qeu
waselaedy 2hous (p0.01, npared MIC90 are suitable for prophylaxis.' Aqueouswasdeayeb 2 ous p<000, upare levels of 8 jig/ml would therefore be needed for

Student's t test, df 18). After subconjunctival mn stasof Stahyloubepdermidi
adminstration, aqueous levels more than

mn tan fSahlccu pdriiaoubledmistron, aqueouslevels more thampng (Table 2). For the purposes of this study, there-
droubled betweengm the early andmlate sapl1 fore, we have arbitrarily defined a level of 1
groups (2.31 jig/ml to 5.65 jsg/ml, p=0.001). jFg/ml as a clinically significant aqueous con-
Maximal aqueous concentrations were re- centraionaand8nicg/myasian dsirablaqueous
corded between 80 and 110 minutes after for- * * *
niceal and peribulbar injection; at these concentration for antibiotic prophylaxis with
intervals, aqueous concentrations were still ris- cefuroxime.
ingfo.owingsu.aiWe have shown that both route and time of

4 andFig2)s administration influence the attainment of4oandwing2). clinically significant mean intraocular levels ofFollowing direct topical application of cfrxm.Sbojntvlcfrxm e
12.5 mg cefuroxiine to a corneal wound., a cfrxm.Sbojntvlcfrxm e12.5mgcfurximeto corealwoun, asulted in the highest aqueous levels of ce-
mean concentration of 9.34 gg/ml (confidence furxe an theraputic levelswracev
interval 6.62-12.06 jiggml) was obtained. As a furoxlime and therapeutc levels were achseved
comparison, a mean level of 0.05 gg/ml (confi-reailyqckyndotnudoicesepdncpisn,eval mean1level ofml0.05 atmta(one- to 2 hours after surgery. Peribulbar injection
denceintervale001-.0 sgml)wsttain resulted in much lower levels and mean
in intact noinfaeeessftertopicamapple etwn

o
aqueous concentrations following forniceal

125and 24furoximinutesatertopcaaplicti injection were clinically insignificant. Topical
cefuroxime only resulted in clinically signifi-
cant aqueous levels after 2 hours. The mecha-
nism of cefuroxime entry into the eye by these
routes is clearly different. We suspect that for
topical and forniceal routes of administration,

31 25 mg transcorneal penetration is operative. Although
njunctival 25 mg forniceal injection bypasses the conjunctival
ilbar 125 mg epithelial barrier, it places the antibiotic away
seal 125 mg from the globe. It is probable that intraocular

penetration occurs by leakage through the
injection -site into the tear film. Following sub-
conjunctival and peribulbar injection, not only
is the conjunctival epithelial barrier breached,
but the antibiotic is placed adjacent to the
sclera, facilitating trans-scleral penetration. In
contrast with the intact eye, topical application
in the presence of a 10 mm corneal incision

--T T was associated with high aqueous levels ofceturoxime. we belleve tmat surgery disrupts
the lipid-rich barrier formed by the corneal
epithelium and endothelium, thereby enhanc-
ing ocular penetration of cefuroxime.
This study also investigated the effect of time

40-60 80-110 120-160 on the intraocular penetration of cefuroxime.
Time (minutes) Previous studies have used antibiotics and

entrations of cefuroxime at variable times after routes of administration that are rarely em-
cate 95% confidence intervals. ployed ' or have studied non-human eyes.7 In
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rabbits, maximal aqueous levels after topically
applied penicillin were reported after only 30
minutes. In contrast, the maximal aqueous
levels of cefuroxime in humans are not reached
for at least 1 hour after administration by all
routes. These findings are similar to those
reported in the human eye for topically applied
prednisolone sodium phosphate, the highest
mean aqueous concentrations of which were
found between 90 and 240 minutes after appli-
cation.

Subconjunctival cefuroxime results in the
attainment of rapid and sustained clinically
useful aqueous concentrations which suggests
that subconjunctival cefuroxime followed by
intensive topical treatment would result in the
rapid onset and subsequent maintenance of
high aqueous levels of this antibiotic. Since
cefuroxime is an organic anion secreted by the
eye, it is conceivable that intraocular concen-
trations of cefuroxime in non-surgical situa-
tions could be enhanced by the use of
probenecid.'° It is less likely to be of benefit
after surgery, however, when the barrier to
equilibration across the ocular coats has been
compromised.

Conventionally, subconjunctival antibiotics
are given at the completion of surgery, which
obviates the opportunity to decrease the num-
ber of viable bacteria introduced into the eye
during surgery. This may explain why most
studies have failed to demonstrate any superi-
ority for subconjunctival antibiotic administra-
tion over topical administration in preventing
postoperative endophthalmitis.1" But if sub-
conjunctival antibiotics were to be given
preoperatively and thereby reduce bacterial
load, the attainment of bactericidal wound and
intraocular concentrations postoperatively
might be compromised, as a result of antibiotic
washout during irrigation and aspiration. We
noted, however, that fluid blebs were still
present when surgery was performed 2 hours
after subconjunctival injection, suggesting that
cefuroxime is relatively slowly cleared and that
intraocular concentrations might rise again
after surgery. Further work should therefore
investigate postoperative aqueous levels of
cefuroxime after preoperative subconjunctival
administration.
We measured aqueous levels in the postop-

erative period 3 minutes after topical applica-
tion to the cornea and demonstrated rapid

ocular penetration. If it had been possible to
sample aqueous at longer intervals after the
completion of surgery or after subconjunctival
administration, even higher levels might have
been obtained. Cefuroxime has been demon-
strated to be relatively non-toxic to the human
eye" and no adverse reactions were reported
with intraocular cefuroxime concentrations as
high as 550 gg/ml in the rabbit eye.7 Other
drugs may be more toxic, and our results sug-
gest that detailed pharmokinetic and experi-
mental toxicity data should be obtained before
recommending the administration of any new
drug to the eye in the presence of a surgical
wound.

This work was sponsored by the locally organised scheme of
Moorfields Eye Hospital.
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