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The effect of intraoperative antibiotics 
in irrigating solutions on aqueous humor
contamination and endophthalmitis after
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PU R P O S E. To determine the efficacy of intraoperative antibiotic use in irrigating solutions on
aqueous humor contamination during phacoemulsification surgery and to evaluate the cor-
responding risk of postoperative endophthalmitis. 
ME T H O D S. 644 eyes of 640 patients who underwent phacoemulsification surgery with fold-
able intraocular lens (IOL) implantation were included in this study. Preoperative conjunc-
tival smears were taken and eyes were allocated to receive irrigating infusion fluid con-
taining either balanced salt solution (BSS)-only (group 1; 322 eyes) or BSS with antibiotics
(vancomycin and gentamycin) during surgery (group 2; 322 eyes). Bacterial contamination
rates of aqueous humor samples taken in the beginning and at the end of operation were
c o m p a red. Predictive factors for the development of postoperative endophthalmitis were
d e t e rmined by clinical and microbiologic analyses.
RE S U LT S. The rates of culture-positivity were similar between group 1 and group 2 for both
p reoperative conjunctival smears and aqueous samples (p > 0.05). Aqueous samples tak-
en at the end of operation were found to be contaminated in 68 (21.1%) eyes in group 1
and 22 (6.8%) eyes in group 2, and the difference was significant (p = 0.0001; OR = 3.65
(2.1-6.0)). Capsular rupture was associated with higher rate of contamination in both groups
(p = 0.0001; OR = 7.7 and p = 0.0001; OR = 8.1). Two eyes in the BSS-only group devel-
oped postoperative endophthalmitis and these cases had posterior capsular rupture dur-
ing the surgery and culture-positivity for staphylococcus epidermidis throughout the study. 
CO N C L U S I O N S. Intraoperative antibiotic irrigation decreases aqueous humor contamination
during phacoemulsification. Further studies are warranted to determine the interre l a t i o n-
ship between aqueous humor contamination and endophthalmitis in eyes with posterior
capsular rupture. (Eur J Ophthalmol 2003; 13: 773-8)
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I N T R O D U C T I O N

The incidence of postoperative endophthalmitis (PE),
a serious complication of cataract surg e r y, has de-
clined over the past 30 years because of impro v e d
s u rgical techniques, antiseptic measures, and the use
of antibiotics before, during, and after surgery (1-3).
Most organisms causing postoperative endoph-
thalmitis are believed to originate from the extern a l
ocular bacterial flora of the patient (2,4,5). The value
of preoperative topical antibiotic therapy is stil l  un-
certain because it does not eradicate all the micro o rg a n i s m s
on the external ocular surface. However, such thera-
py may reduce bacterial growth to a sub-thre s h o l d
level, thus reducing the incidence of postoperative
endophthalmitis (3,6-9). During surg e r y, micro rg a n-
isms may enter into the eye through air in the oper-
ating room, irrigating solutions, instruments, or in-
traocular lenses (IOLs) (7,10-12). Although the inci-
dence of postoperative endophthalmitis is very low
( a round 0.1%) (13), contamination of the anterior cham-
ber fluids at the end of cataract surgery has been re-
ported to be as high as 28% (14). 

Irrigating infusion fluid containing antibiotics is known
to be effective in decreasing aqueous humor conta-
mination (15-18). However, contradictory reports are
p resent in the literature and the value of intraopera-
tive antibiotics for the elimination of bacterial conta-
mination of the aqueous humor and the development
of postoperative endophthalmitis is still unclear
(19,20). There f o re, the present study aimed to deter-
mine the significance of intraoperative antibiotic use
on the aqueous humor contamination and on the de-
velopment of PE in eyes with phacoemulsification surg e r y.

M E T H O D S

Six hundred forty four eyes of 640 patients who un-
derwent phacoemulsification surgery at Gülhane Mil-
itary Medical Academy and Medical School Hospital
between May 2000 and June 2002 were included in
this study. Informed consent was obtained in all cas-
es. Patients were randomly allocated to irrigating in-
fusion fluid containing either balanced salt solution
(BSS)-only (group 1; 322 eyes of 320 patients) or BSS
with antibiotics (20 mg/ml vancomycin and 8 mg/ml
gentamicin) (group 2; 322 eyes of 320 patients), ac-

c o rding to the scheduled day of surg e r y, which was
performed one after another. (1:1). Patients with pre-
vious history of immunosuppressive treatment, dia-
betes mellitus, ocular surgery and recent infection or
inflammation were all excluded from the study. Pha-
coemulsification was performed with a standard 3.2-
mm clear corneal incision, circular capsulotomy, and
stop-chop technique followed by foldable hydro p h o-
bic acrylic IOL (Acrysof, Alcon) implantation using for-
ceps. The operation was ended with no suture, sub-
conjunctival antibiotic or steroid injection. The eyes
in which the surgical pro c e d u re was modified by the
s u rg e o n ’s discretion, such as suturing and use of sub-
conjunctival antibiotics were not included in the study.
All patients received a one-day course of topical ofloxacin
(0.3%) and diclofenac sodium (1mg/ml) 4 times a day
p re o p e r a t i v e l y. A preoperative conjunctival smear was
obtained in all cases from the inferior cul-de-sac with
a sterile cotton wool swab just before povidone-io-
dine instil lation. It was first immersed in thioglycolate
b roth, plated onto blood and chocolate agar. The choco-
late and horse blood agar plates were incubated 48
h in carbon dioxide 5% at 37ºC and examined at 24
hours. The thioglycolate broth tubes were incubated
at 37ºC for 2 weeks. In order to confirm the pre s e n c e
of aerobic or anaerobic bacteria, the growth was al-
so cultured in both chocolate and fastidious anaero-
bic agar plates. The identification of micro o rg a n i s m s
and the profile of antibiotic sensitivity were determined
using standard methods (21,22). Aqueous humor as-
pirates were taken entering the anterior chamber just
b e f o re viscoelastic injection (sample 1) and ending
the operation just before BSS injection into wound
edges (sample 2), avoiding vascular contact or dam-
age to the intraocular tissues. Postoperatively, the eyes
w e re treated with ofloxacin (0.3%), dexamethasone
(1mg/ml) and indomethasine (0.1%) drops for a four-
week tapering dose. Patients were discharged fro m
the hospital on the first day after surgery and exam-
ined on days 2, 5, 10, 15, 30 and 45. Postoperative
endophthalmitis was defined as the presence of hy-
popyon, clouding of the anterior chamber, or vitre-
ous, which is severe enough to obscure the visual-
ization of the second-order retinal arterioles within 6
weeks after the surgery (23,24). 

Qualitative and quantitative analyses of micro b i o-
logic spectrum in preoperative and intraoperative cul-
t u res were performed in all eyes. In the case of post-
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operative endophthalmitis, culture results were ob-
tained from the aqueous humor and vitreous samples.
The association of clinical and microbiologic factors
with bacterial contamination of aqueous humor and
the development of postoperative endophthalmitis was
sought. 

S t a t i s t i c s . C h i - s q u a red or Fischer’s exact test was
used as indicated. A p-value below 0.05 was con-
s i d e red to be significant. Statistical analysis was per-
formed with Statistical Package for the Social Sci-
ences for Windows (Version 10.0, SPSS Inc., Chica-
go, IL, USA).

R E S U LT S

All patients had senile cataract and the mean age
was 64.2 ± 14.3 (range 43-87) years and 61.2 ±14.2
(range 40-81) years for group 1 and group 2 re s p e c-
tively (p= 0.47). The mean operation time was 22.2 ±
8.8 (range 10-45) minutes and 20.4 ± 7.8 (range 10-
40) minutes respectively (p= 0.28). Of 644 pre o p e r a-
tive conjunctival smears, 188 (58.3%) of 322 eyes showed
positive cultures in group 1, and 184 (57.1%) of 322
in group 2 (p = 0.75). The most frequent cultured or-
ganism was coagulase-negative staphylococci com-

prising 120 of 188 (63.8%) eyes in group 1 and 118
of 184 (64.1%) eyes in group 2 (p = 0.95) which was
sensitive to ofloxacin (0.3%), in 105 out of 120 sam-
ples (87.5%). The number of eyes with mixed mi-
c ro o rganisms was similar between the groups (in each,
n = 12 eyes). Contamination rates of aqueous humor
aspirates in group 1 (n = 13; 4.0%) and group 2 (n =
15; 4.6%) at the beginning of the operation (sample
1) were found to be similar (p = 0.65). However, aque-
ous humor aspirates in sample 2 were contaminated
in 68 (21.1%) of 322 eyes in group 1 and in 22 (6.8%)
of 322 eyes in group 2 (p = 0.0001, OR = 3.65 (2.1-
6.0)) (Tab. I). From 47 eyes in which coagulase-neg-
ative staphylococci was cultured from aqueous hu-
mor samples, 40 eyes (85.1%) were found to be sen-
sitive to that topically applied antibiotic. The coagu-
lase-negative micro o rganism cultured from eyes with
endophthalmitis was also sensitive to that antibiotic
in all samples. Two eyes with culture - p roven en-
dophthalmitis were complicated by posterior capsu-
lar rupture during the operation. The number of in-
traoperative posterior capsular rupture between
g roup 1 (n = 16; 4.9%) and group 2 (n = 12; 3.7%)
was similar (p = 0.44). Aqueous humor sample was
found to be contaminated in 14 of 28 (50%) eyes with
posterior capsular rupture, and 76 of 616 (12.3%) eyes

TABLE I - MICROORGANISMS ISOLATED FROM THE PREOPERATIVE CONJUNCTIVAL SMEARS AND INTRA-
O P E R ATIVE AQUEOUS HUMOR ASPIRAT E S

M i c ro o r g a n i s m s Conjunctival Smear Aqueous Humor Sample 1 Aqueous Humor Sample 2
G roup 1 G roup 2 G roup 1 G roup 2 G roup 1 G roup 2

( % ) ( % ) ( % ) ( % ) ( % ) ( % )

E y e s 1 8 8 ( 5 8 . 3 ) 1 8 4 ( 5 7 . 1 ) 1 3 ( 4 . 0 ) 1 5 ( 4 . 6 ) 6 8 ( 2 1 . 1 ) 2 2 ( 6 . 8 ) *

* p = 0.0001

C o a g u l a s e ( - )S t a p h y l o c o c c u s
Staphylococcus aure u s
C o ry n e b a c t e r i a
S t reptococcus epiderm i d i s
Pseudomonas aeruginosa
M i x e d (Pseudomonas,  Klebsiella)
B a c i l l u s s p e c i e s
S t reptococcus  pneumoniae
Proteus mirabilis
Enterobacter cloacae
M i x e d ( S t a p h . a u reus, Enterobac.)

1 2 0 ( 6 3 . 8 )
2 8 ( 1 4 . 9 )

-
-
-
-
-

8 ( 4 . 3 )
6 ( 3 . 2 )

1 4 ( 7 . 4 )
1 2 ( 6 . 4 )

1 1 8 ( 6 4 . 1 )
2 6 ( 1 4 . 1 )

-
-
-
-
-

6 ( 3 . 3 )
6 ( 3 . 3 )

1 6 ( 8 . 7 )
1 2 ( 6 . 5 )

5 ( 3 8 . 4 )
-

2 ( 1 5 . 3 )
1 ( 7 . 6 )

2 ( 1 5 . 3 )
1 ( 7 . 6 )

2 ( 1 5 . 3 )
-
-
-
-

6 ( 4 0 )
3 ( 2 0 )
4 ( 2 6 )

2 ( 1 3 . 3 )
-
-
-
-
-
-
-

2 8 ( 4 1 . 2 )
8 ( 1 1 . 8 )

1 0 ( 1 4 . 7 )
6 ( 8 . 8 )
4 ( 5 . 9 )
8 ( 1 1 . 8 )
4 ( 5 . 9 )

-
-
-
-

8 ( 3 6 . 4 )
4 ( 1 8 . 2 )
6 ( 2 7 . 3 )
2 ( 9 . 1 )

-
2 ( 9 . 1 )

-
-
-
-
-
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with intact capsule (p = 0.0001; OR = 7.1 (3.2-15.4)).
The association of posterior capsular rupture to high-
er contamination rate was evident in both groups. Aque-
ous humor aspirate was contaminated in 10 of 16 eyes
(62.5%) with capsular rupture in group 1 (p = 0.0001;
OR = 7.7 (2.7-32.3)) and 4 of 12 eyes (33.3%) with
capsular rupture in group 2 (p = 0.0001; OR = 8.1 (2.2-
29.5)). The mean operation time of 28.8 ± 6.4 minutes
in eyes with capsular rupture were significantly high-
er than that of 18.2 ± 7.0 minutes in eyes with intact
capsule (p= 0.001). Postoperative endophthalmitis was
noted in 2 eyes of 2 patients in group 1(BSS-only gro u p ) .
The aqueous and vitreous specimens were obtained
2 and 5 days after the surgery and were found to be
positive for coagulase-negative staphylococci. Pre-
operative and intraoperative cultures for both sam-
ple 1 and sample 2 in these eyes were also positive
for the same micro o rg a n i s m .

D I S C U S S I O N

T h e re is evidence that surface flora routinely gain
entry into the anterior chamber during cataract
s u rgery (14). In a prospective study of 230 consecu-
tive patients, Egger et al demonstrated that pha-
coemulsification was superior to ECCE with its lower
aqueous humor contamination (25). On the other hand,
in a prospective study of 700 patients, Mistlberger et
al reported that rate of aqueous humor contamination
was similar between ECCE and phacoemulsification
s u rgeries and preoperative antibiotic treatment had
no influence on the rates of intraoperative aqueous
humor contamination (26). 

As was reported pre v i o u s l y, coagulase-negative
staphylococcus was the most common isolated mi-
c ro o rganism (64%) from the conjunctiva in this study
(26-28). Povidone-iodine has been reported to be of
primary importance in providing preoperative pro p h y l a x i s
(13). We also instilled preoperative povidone-iodine in
all cases. We clearly demonstrated that the rate of
aqueous humor contamination was significantly de-
c reased when the irrigating solution contained antibiotics
t h roughout the surg e r y. The microbiologic spectrum
in aqueous humor samples was also similar to pre v i-
ous reports and coagulase-negative staphylococcus
was the most common micro o rganism in either gro u p
(26, 27, 28). It is important to note that many species

isolated from the aqueous humor were virulent in both
g roups. Only 2 eyes (3.10%) developed postoperative
endophthalmitis. We think that this exceptionally high
rate of endophthalmitis can be explained by the lack
of sufficient material to reach a final conclusion, if we
consider that the cumulative rate of postoperative en-
dophthalmitis (in a 5-year review of all cases with cataract
s u rgery) at our institute is 0.109%. Both eyes infect-
ed by coagulase-negative s t a p h y l o c o c c u s) (S t a p h y-
lococcus epiderm i d i s), which was sensitive to vancomycin
and ofloxacin (0.3%) (Tab. I). It is noteworthy that this
m i c ro o rganism was also cultured in conjunctival
smear and aqueous samples of both eyes. It was re-
ported that half-life of intraoperative antibiotics was
less than 2 hours and was an ineffective pro p h y l a x i s
for postoperative endophthalmitis (29). However,
Mendivil and Mendivil (17) reported that a lower rate
of contamination was obtained in eyes irrigated with
an intraoperative antibiotic (vancomycin). Indeed, it
has been reported that the use of intraoperative an-
tibiotics reduces bacterial adherence to IOLs (30). We
thought that the lower rate of aqueous contamination
in group 2 was due probably to the inhibition of col-
onization by intraoperative antibiotics. 

H o w e v e r, potential retinal toxicity from intraocular
antibiotics should be taken into account when the de-
cision is being made to add antibiotics to the infu-
sion fluid. Although we tried to exclude the bias for
the surgical technique, and eliminate IOL contami-
nation during its insertion, the amount of bacterial
loading and immunologic status of the eye might have
been involved in the diff e rence of aqueous humor con-
tamination rates between the groups. Since we did
not perform successive culturing from conjunctival smears
and aqueous humor samples postoperatively, we were
not certain about the role of postoperative topical an-
tibiotics for prophylaxis of endophthalmitis. The mi-
c ro o rganism, coagulase-negative staphylococcus
c u l t u red preoperatively and postoperatively was
found to be sensitive to topical ofloxacin (0.3%) in
87.5% eyes (not shown in the table). This underscore s
the presence or development of resistance to this an-
tibiotic in our population. Likewise, this subject is sti l l
open to debate for vancomycin. The selection of van-
comycin was based on the etiological spectrum of
our previous cases with endophthalmitis after
cataract surg e r y. The efficacy of the combination of
vancomycin and gentamycin has been reported to cov-
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er almost all of causative strains of postoperative en-
dophthalmitis (31). We observed that all of gram-pos-
itive micro o rganisms were sensitive to vancomycin.
Although the causative agent (Staphylocccus epiderm i d i s)
was sensitive to both preoperative and intraoperative
antibiotics they didn’t prevent the development of en-
dophthalmitis in this study. In addition, we do not know
the exact value of topically applied ofloxacin (0.3%)
for prophylaxis of postoperative endophthalmitis. Mon-
tan et al reported that intracameral cefuroxime 1 mg,
which was safe and sufficient to achieve high antibi-
otic concentrations in the immediate postoperative
period was of prophylactic value for postoperative en-
dopthalmitis (32, 33). These findings suggested to us
to consider the cost and the ecological effect of in-
t r a v i t real vancomycin and 4-week ofloxacin (0.3%) ther-
apy for future studies. We found that eyes with pos-
terior capsular rupture had higher contamination
rates than those eyes without posterior capsular rup-
t u re. Likewise, the type of micro o rganism was simi-
lar between aqueous samples and conjunctival smear
in eyes with capsular rupture, comprising coagulase-
negative staphylococcus in 12 out of 16 eyes (75%)
with posterior capsular rupture in group 1. The eyes
with postoperative endophthalmitis had also been com-
plicated by posterior capsular rupture during the op-
eration. Since eyes with posterior capsular rupture
during the surgery had longer operation time and a

higher contamination rate, it seems reasonable to as-
sume that increase in operation time would lead to
the lessening of the preventive effect of intraocular
antibiotics on colonization, and that several instru-
mental entries in this complicated eye would lead to
m o re bacterial loading. It was reported that posteri-
or capsular rupture compromises the ability of the eye
to clear bacteria (34).

In conclusion, this study suggests that intraoperative
antibiotic irrigation may decreases the rate of aqueous
humor contamination in phacoemulsification surg e r y.
Intraoperative posterior capsular rupture increased the
risk of aqueous humor contamination. Considering the
incidence of lower postoperative endophthalmitis with
variable results, further studies are needed to deter-
mine whether there is a causal relationship between
aqueous humor contamination and endophthalmitis in
eyes with posterior capsular rupture. 
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