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Abstract The purpose of this study was to investigate

the spectrumoforganisms causingendophthalmitis after

cataract surgery in a tertiary medical center in Taiwan

and the antibiotic susceptibilities. This was a retrospec-

tive case series study. Patients with endophthalmitis

after cataract surgery from January 2004 to July 2015

were reviewed. The outcome measures included the

identification of isolates, antibiotic susceptibilities, and

final visual outcomes. Twenty-one organisms were

isolated from 19 cases. The most common organisms

were Enterococcus in 38.1 %, especially Enterococcus

faecalis, followed by Staphylococcus epidermidis in

28.6 % and Staphylococcus aureus in 9.5 %. All of the

Gram-positive isolates tested were susceptible to van-

comycin (100 %), and ceftazidime and amikacin were

susceptible for Gram-negative organisms. The Gram-

positive organisms remain to be the predominant cause

of postoperative endophthalmitis, and Enterococcus

species has had an increasing incidence. Vancomycin is

still the most powerful antibiotic for Gram-positive

organisms,while ceftazidime and amikacin are effective

for Gram-negative bacteria.
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Introduction

Cataract surgery is one of the most frequent ophthal-

mology procedures performed worldwide. Endoph-

thalmitis is the most devastating complication after

cataract surgery, with a reported incidence of

0.04–0.2 % [1]. Visual outcomes after endophthalmi-

tis are often poor. To prevent the occurrence of

endophthalmitis and to allow further treatment when it

occurs, it is important to identify the causative

organisms and any antibiotic sensitivities against

possible causative organisms in every clinic.

In this study, causative organisms of endophthalmi-

tis and antibiotic sensitivities after cataract surgery

were investigated in a single medical center over a

12-year time period from January 2004 to July 2015.

Materials and methods

This was a retrospective, non-comparative, consecu-

tive case series study. Patients with endophthalmitis
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after phacoemulsification and intraocular lens implan-

tation performed in Kaohsiung Chang GungMemorial

Hospital from January 2004 to July 2015 were

reviewed. Either vitreous or aqueous intraocular

specimens were collected using needle aspiration

and cultured on blood agar, chocolate agar, fastidious

anaerobic thioglycolate broth, and Sabouraud agar to

test for aerobic and anaerobic bacteria, mycobacteria,

and fungi. Antibiotic susceptibility testing was per-

formed using the paper disk method. The outcome

measures included the identification of isolates,

antibiotic susceptibilities, and final visual outcomes

that were defined as poor (visual acuity [VA] worse

than 20/100) or good (VA better than 20/40). Statis-

tical analyses were performed using SPSS software,

version 20 (IBM, Armonk, New York, USA). A Chi-

square test was used, and a P value \0.05 was

considered statistically significant.

Results

The culture reports showed bacterial growth in 19

cases out of 32 cases, with an incidence of 0.13 % and

a culture rate of 59.4 %. A total of 21 organisms were

isolated from these 19 eyes. Two samples had

polymicrobial infections with two different isolates.

The most common organisms identified were Entero-

coccus in 38.1 % (8/21), especially Enterococcus

faecalis (7/21), followed by Staphylococcus epider-

midis in 28.6 % (6/21) and Staphylococcus aureus in

9.5 % (2/21). Coagulase-negative staphylococcus

(CONS), Corynebacterium, Stenotrophomonas mal-

tophilia, Gram-negative bacilli-glucose non-fer-

mentin, and Viridans streptococcus were all

identified once (Table 1).

The antibiotic susceptibilities of the organisms are

shown in Table 2. All of the Gram-positive isolates

tested were susceptible to vancomycin (100 %), and

ceftazidime and amikacin were susceptible for Gram-

negative organisms. In addition, Gentamycin was

tested in nine organisms and showed susceptibility in

only 33.3 % of the cases.

In a total of 19 cases, four cases (21.1 %) achieved

a final visual acuity (VA) of 20/40 or better (good

visual outcome), and eleven cases (57.9 %) had a final

VA of 20/100 or worse (poor visual outcome).

In the S. epidermidis-infected group (six cases), all

three cases achieved a good visual outcome, while in

the non- S. epidermidis-infected group (13 cases),

only one case had a good visual outcome, and eleven

cases had poor visual outcomes, P value\0.05.

All of the eight eyes infected with Enterococcus

had a VA of 20/100 or worse (poor visual outcome),

but in the non-Enterococcus-infected eyes, four cases

had a good visual outcome, and three cases had a poor

visual outcome, P value\ 0.05.

In these 19 cases with postoperative endophthalmi-

tis, six patients (31.6 %) had perioperative complica-

tions such as posterior capsule rupture or vitreous loss.

Seven patients (36.8 %) had systemic diseases such as

diabetic mellitus or end-stage renal disease under

regular hemodialysis. There were seven patients

(36.8 %) without systemic disease who had received

smooth cataract surgery but still suffered from post-

operative endophthalmitis.

Discussion

Postoperative endophthalmitis is a nightmare for most

ophthalmologists. The strategies for reducing the

incidence of postoperative endophthalmitis include

careful preoperative preparation with povidone iodine

and good preoperative hand scrubbing and mainte-

nance of a sterile operative field [2–4]. However, there

have still been some cases that could not be prevented.

There are several methods typically used to prevent

postoperative endophthalmitis through the use of

antibiotics, including preoperative, perioperative topi-

cal, subconjunctival, intracameral, or periocular

antibiotic usage, and postoperative topical antibiotic

usage [5, 6]. The ESCRS study, a prospective,

randomized, placebo-controlled trial of a prophylactic

antibiotic used in cataract surgery, showed that the

Table 1 The list of isolated organisms

Enterococcus spp. 38.1 % (8/21)

Enterococcus faecalis 33.3 % (7/21)

Staphylococcus epidermidis 28.6 % (6/21)

Staphylococcus aureus 9.5 % (2/21)

Coagulase-negative Staphylococcus (CONS) 4.8 % (1/21)

Corynebacterium 4.8 % (1/22)

Stenotrophomonas maltophilia 4.8 % (1/23)

Gram-negative bacilli-glucose non-fermentin 4.8 % (1/24)

Viridans streptococcus 4.8 % (1/24)
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Table 2 Antibiotic susceptibility of isolated organisms

Organisms Ampicillin Clindamycin Erythromycin Penicillin Sufamethoxazole–

trimethoprim

Gentamycin

Organism 1 Enterococcus S R

Organism 2 Enterococcus faecalis S R

Organism 3 E. faecalis S S

Organism 4 E. faecalis S S R

Organism 5 E. faecalis S S R

Organism 6 E. faecalis S S S

Organism 7 E. faecalis S S R

Organism 8 E. faecalis S S R

Organism 9 Staphylococcus

epidermidis

S S R S S

Organism 10 S. epidermidis R S S R R

Organism 11 S. epidermidis S R R S

Organism 12 S. epidermidis R R R S

Organism 13 S. epidermidis S S R S

Organism 14 S. epidermidis R R R R

Organism 15 Staphylococcus aureus R R R R

Organism 16 S. aureus S S R S

Organism 17 Stenotrophomonas

maltophilia

S

Organism 18 Gram (-) bacilli-

glucose nonfermentin

S S

Organism 19 Viridans streptococcus S S S S

Organism 20 CONS R R R R

Organism 21 Corynebacterium S R I S R

Organisms Teicoplanin Vancomycin Oxacillin Ciprofloxacin Amikacin Ceftazidime

Organism 1 Enterococcus S

Organism 2 Enterococcus faecalis S

Organism 3 E. faecalis S S

Organism 4 E. faecalis S S

Organism 5 E. faecalis S S

Organism 6 E. faecalis S S

Organism 7 E. faecalis S S

Organism 8 E. faecalis S S

Organism 9 Staphylococcus

epidermidis

S S S

Organism 10 S. epidermidis S S S

Organism 11 S. epidermidis S S R

Organism 12 S. epidermidis S S R

Organism 13 S. epidermidis S S R

Organism 14 S. epidermidis S S R

Organism 15 Staphylococcus aureus S S S

Organism 16 S. aureus S S S

Organism 17 Stenotrophomonas

maltophilia
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incidence rate of endophthalmitis was nearly five

times higher in groups that did not receive cefuroxime

prophylaxis as compared with groups receiving

cefuroxime intracameral injections [7]. However,

cefuroxime was not demonstrated to be foolproof

and might not be effective with regard to preventing

endophthalmitis caused by some bacteria, such as

Enterococcus [8]. Therefore, successful prevention

and treatment of postoperative endophthalmitis

depends on prompt use of an antimicrobial regimen

[9, 10], and it is important to identify the current

bacteria most likely to cause endophthalmitis and to

develop a thorough understanding of the antibiotic

sensitivities against possible causative organisms.

In the current study, the spectrum of organisms

causing endophthalmitis after phacoemulsification

with intraocular lens implantation as well as the

antibiotic sensitivity at a single medical center in

Taiwan over a 12-year period was reviewed. In this

study, Gram-positive organisms were predominant

(identified in 90.5 % of the overall cases). This

proportion was similar to the data reported in the

endophthalmitis vitrectomy study (EVS) [11], in

which 94 % of the isolates were Gram positive, and

in several other studies [12–14]. The most common

organisms identified in this study included Entero-

coccus in 38.1 % (8/21) of the cases, especially

E. faecalis (7/21), followed by S. epidermidis in

28.6 % (6/21) of the cases and Staphylococcus aureus

in 9.5 % (2/21) of the cases. Enterococcus species

only accounted for 2.4 % of overall cases in the

endophthalmitis vitrectomy study (EVS) [11]; how-

ever, it made up the majority of postoperative bacterial

endophthalmitis cases in the current study, as much as

38.1 %. This increasing incidence of Enterococcus

endophthalmitis was reported in a prospective multi-

center postoperative endophthalmitis study in Sweden

[8] and a retrospective study in Korea [15]. In the

study in Sweden [8], Enterococcus accounted for

31.1 % of all endophthalmitis cases, while in Korea

[15], it accounted for 20.8 %. In this study, it was

found in an even higher proportion, 38.1 %.

It is difficult to provide a valid explanation for the

increasing incidence of Enterococcus endophthalmi-

tis, although frequent usage of fluoroquinolone may

play some role [15]. Fluoroquinolone is a popular

antibiotic eye solution used both before and after

intraocular surgery. It shows high activity against

Staphylococci, but it has poor activity against E.

faecalis. As a result, frequent usage of Fluoro-

quinolone may cause overgrowth of E. faecalis.

However, fluoroquinolone was not routinely used

before and after the operations under consideration in

this study.

Intravitreous injection of antibiotics remains the

gold standard for postoperative endophthalmitis.

Compared with the cases in the EVS and in other

previous studies [11, 19], all of the Gram-positive

organisms identified in this study were susceptible to

vancomycin. Although endophthalmitis resulting

from E. faecalis resistant to vancomycin has been

reported in some studies [16–18], all the E. faecalis

tested in the current study were susceptible to

vancomycin. Only one Gram-negative organism was

isolated in this study, and it was susceptible to

ceftazidime and amikacin. Therefore, it seems to be

reasonable to treat postoperative endophthalmitis with

an intravitreal injection of vancomycin combined with

ceftazidime or amikacin as empirical antibiotics. In

addition, gentamycin was tested on nine organisms,

and only three cases showed susceptibility. As the

result, gentamycin should play a less important role in

prophylactic antibiotic usage.

The final visual outcome data in this study showed

that only 21.1 % of cases had a good visual outcome

(VA, 20/40 or better), and up to 57.9 % patients had a

Table 2 continued

Organisms Teicoplanin Vancomycin Oxacillin Ciprofloxacin Amikacin Ceftazidime

Organism 18 Gram (-) bacilli-glucose

nonfermentin

I S S

Organism 19 Viridans streptococcus S

Organism 20 CONS S S S

Organism 21 Corynebacterium S

S sensitive, R resistant, I intermediate, Space not tested
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poor visual outcome (VA, 20/100 or worse). These

results were worse than those reported in the EVS

(53 % with a VA of 20/40 or better) and in other

studies [12, 20]. This might be related to the high

proportion of Enterococcus infections in this study. In

a subgroup analysis, endophthalmitis cases caused by

S. epidermidis had better visual outcomes than cases

caused by other bacteria, P\ 0.05, while in this study,

it was shown that Enterococcus-infected eyes had

worse visual outcomes than non-Enterococcus-in-

fected eyes, P\ 0.05. All of the eight cases infected

with Enterococcus did not reach a VA of 20/100,

including five patients without light perception. Bac-

terial virulence is an important prognostic factor of

final visual function [17], and it has been reported in

other studies [15, 20, 22] that endophthalmitis caused

by Enterococcus results in poor visual outcomes.

Despite prompt intravitreal vancomycin injection with

or without vitrectomy, eyes infected by Enterococcus

still exhibited poor visual outcomes in the current and

previous studies [16, 21, 22]. As a result, further

studies are necessary for better prevention and man-

agement of endophthalmitis caused by Enterococcus,

such as other antibiotics strategies for endophthalmitis

prevention or more aggressive surgical intervention

for endophthalmitis management.

There were limitations to this study, including its

retrospective design; small sample size and the fact

that only culture-proven cases were included, which

might exclude cases with false-negative culture

results. Nevertheless, this study still provides impor-

tant information about organisms causing endoph-

thalmitis and its antibiotic sensitivities.

Conclusions

In conclusion, the Gram-positive organisms remain to

be the predominant cause of postoperative endoph-

thalmitis, and Enterococcus species has had an

increasing incidence in recent years with poor visual

outcomes. Vancomycin is still the most powerful

antibiotic for most Gram-positive organisms, while

ceftazidime and amikacin are effective for Gram-

negative bacteria. As a result, combination therapy

generally is recommended as the initial empirical

treatment of postoperative endophthalmitis. However,

because of the increasing number of enterococcus

endophthalmitis cases, further studies are necessary in

order to more effectively prevent and treat endoph-

thalmitis in the future.
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