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Abstract
Objective: To evaluate risk factors for endophthalmitis
after cataract surgery and to retest recent findings on
the protective effect of intraoperative antibiosis and
the promoting effect of the clear corneal as compared
to sclerocorneal incision. In addition, the economics
of intraocular intraoperative antibiosis as a prophylaxis
in cataract surgery are asketched.
Design: survey study
Participants: five hundred thirty-eight ophthalmosurgi-
cal centres in Germany 
Main Outcome Measure: epidemiological evaluation: re-
sponder specific endophthalmitis incidence in year
2000; economical evaluation: direct cost analysis based
on incidence data and local cost estimates (health ser-
vice’s perspective)
Results: A total of 310 (58%) questionnaires were com-
puted resulting in an overall count of 404,356 cataract
surgeries and 291 self-reported endophthalmitis cases
(crude rate 0.072%). The risk of postoperative en-
dophthalmitis for sclerocorneal versus clear corneal
incisions was not significantly reduced (relative risk
0.97, 99% confidence interval 0.69-1.38). The hypoth-
esis of a protective effect of intraocular antibiosis
could be confirmed by a significantly decreased risk
ratio of 0.69 (99% confidence interval 0.48-0.99) indi-
cating a significant benefit from intraoperative intraoc-
ular antibiosis. A similar tendency was observed for an
intraoperative periocular antibiosis with a significantly
reduced risk ratio of 0.68 (99% confidence interval
0.49-0.96). These risk estimates had been adjusted for
the size of the surgical centre: a significantly reduced
risk ratio of 0.70 (99% confidence interval 0.49-0.98)
for postoperative endophthalmitis was observed for
local centres. Cost evaluation for the prophylactic use
of intraocular intraoperative antibiosis in cataract
surgery revealed an economically relevant decrease in
direct endophthalmitis associated costs. 
Conclusions: Whereas this 2000 appraisal of a recent
survey in 1996 could not reproduce the benefit of

sclerocorneal incision, the protective effect of intraop-
erative intraocular antibiotic propylaxis could be con-
firmed. However, the results of this survey have to be
interpreted with care, since it is not based on individ-
ual case information, but rather on aggregate ques-
tionnaire data.

Key words: cataract surgery, endophthalmitis, antibiotic
prophylaxis, direct costs

INTRODUCTION

Endophthalmitis is a dreaded condition in ophthal-
mology, which can occur after ophthalmic surgery [1],
posttraumatically or endogenously. At the beginning
of the 20th century its annual incidence after intraocu-
lar surgery was estimated [1] about 1%. Meanwhile it
appears reduced [2, 3, 4, 5, 6, 7] to about 0.05% to
0.5% because of better knowledge about antibiotic
prophylaxis. The multicenter “Endophthalmitis Vit-
rectomy Study” provided guidelines [4] on case man-
agement [8] in case of postoperative infection. Howev-
er, standardized procedures for infection prophylaxis
are of increasing interest. 

Therefore a survey on putative risk factors for en-
dophthalmitis after cataract surgery and possible pro-
tective strategies had been performed in Germany [9]
based on the German surgeons’ self-reported counts
of cataract surgeries and subsequent endophthalmitis
cases in 1996. This survey revealed some promising
results both concerning incision techniques [9, 10, 11,
12, 13] as well as the impact of antibiotic prophylaxis
[9, 14, 15, 16, 17, 18, 19, 20]: According to the sur-
geons’ self-reported data in this survey the sclero-
corneal incision was associated with a 65% reduction
in risk for endophthalmitis when compared to the
clear cornea approach. Furthermore, the intraocular
application of antibiotics showed a 35% reduction in
endophthalmitis risk. 

To retest these findings the German study group
decided to perform a similar survey in 2000. In addi-
tion, an estimation of the direct endophthalmitis asso-
ciated costs was performed in order to evaluate the
economical impact of a possible guideline for intraoc-
ular antibiosis. 
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MATERIAL AND METHODS

EPIDEMIOLOGICAL STUDY

In August 2001 a questionnaire was mailed to each
opthalmosurgical centre and university hospital in
Germany, and chairmen were asked to send it back in
an anonymous envelope. The questionnaire focused
on pre-, intra- and postsurgical prophylaxis (antibiotics
and steroids) as well as on details on incision tech-
niques and postoperative complications. Centre chair-
men and local surgeons were asked to report their
site’s overall number of cataract surgeries in 2000 as
well as the overall number of endophthalmitis cases
among patients, who became known until August
2001. 

Note that there was no individual case data available
from the responders’ questionnaire, but rather overall
indications on their usual performance and on the
overall counts of endophthalmitis cases among their
patients. Therefore the primary endpoint of this epi-
demiological study is the “responder specific rate”
(RSR) of endophthalmitis cases, which is the ratio of
self-reported cases related to the number of self-re-
ported cataract surgeries for each responder. The RSR
therefore represents a responder’s 2000 endophthalmi-
tis incidence. 

Statistical Analysis of the questionnaires mainly fo-
cused on the RSR, which was correlated to the puta-
tive risk factors by fitting multiple Poisson regression
models [21]. Results are summarized as hazard ratios,
which estimate the relative endophthalmitis risk (RR).
RR is smaller than 1.0, as soon as a surgical strategy
turns out protective (1.0-RR indicates the order of re-
duction in the endophthalmitis risk). If 1.0 is not con-
tained in the 99% confidence interval, then the risk re-
duction is proven statistically significant at the 1% sig-
nificance level [9, 21]. Additionally, the correpsonding
Wald test [21] p value was provided; a p value < 1%
indicates local statistical significance. All numerical
analysis was drawn out using SAS® (Release 6.8 for
Windows) [21], data entry and graphical representa-
tion was drawn out using SPSS® (Release 10.0 for
Windows) [22].

HEALTH ECONOMICAL EVALUATION

The RSR data is the basic input parameter for the cost
analysis: From the estimated reduction in risk by ap-
plying intraocular antibiotics, the reduction in costs
due to avoided cases can be derived. However, each
unavoided endophthalmitis case will cause fix costs of
about 107.92 € and additional 165.76 € each day under
hospitalisation (standard case rates). Assuming a mean
hospitalisation time of 14 days per endophthalmitis
case, each case will cause direct costs of about
3831.47 € . The individual direct costs for the antibi-
otic prophylaxis can be estimated as follows: Accord-
ing to the experiences at the Ophthalmology Depart-
ment of the University Hospital in Mainz, 20 portions
of Gentamicin 40 Hexal® (500 ml) can be regarded
sufficient for about 60 surgeries. This results in 
direct costs of 0.68 € per eye under antibiotic prophy-
laxis.

RESULTS

EPIDEMIOLOGICAL STUDY

A total of 310 (58%) questionnaires were returned.
Their analysis revealed an overall count of 404,356
cataract surgeries and of 291 self reported endoph-
thalmitis cases (crude endophthalmitis incidence 
rate 0.072% as compared to 0.078% in the 1996 sur-
vey [9]). Figure 1 displays the bivariate distribution of
the responders’ self reported number of cataract 
surgeries in 2000 versus their endophthalmitis 
counts.

The hypothesis of different endophthalmitis rates
between sclerocorneal (n = 201 responding centres)
and clear cornea incisions (n = 92 responding centres)
could not be verified: the risk of postoperative en-
dophthalmitis after sclerocorneal incision was 0.97
(99% confidence interval 0.69-1.38). The second hy-
pothesis of a protective effect of intraoperative in-
traocular antibiosis could be confirmed by a signifi-
cantly decreased risk ratio of 0.69 (0.48-0.99) indicat-
ing clinically and statistically significant benefit from
intraoperative intraocular antibiosis (n = 170 versus n
= 125 responders). Most surgeons (81%), who usually
perform such prophylaxis, indicate regular use of gen-
tamicine derivates. A similar tendency was observed
for an intraoperative periocular antibiosis (n = 136
versus n = 131 responders) with a significantly re-
duced risk ratio of 0.68 (0.49-0.96). Furthermore, the
protective effect of an intraocular antibiosis is strong-
ly associated with conjunctival iodine prepping (by in-
stallation of iodine solution), showing a significantly
reduced risk [23, 9, 24] of 0.56 (0.34-0.94). Further-
more, a difference in endophthalmitis indicedences
was observed between local surgical centres (n = 203)
versus larger clinical departments (n = 87) with a sig-
nificantly reduced risk ratio of 0.70 (0.49-0.98; the lat-
ter indicates larger endophthalmitis rate in larger clini-
cal centres. Table 1 summarizes the information on
the above confirmatory risk factors’ evaluation and
also displays the underlying mean endophthalmitis
counts. 

Table 2 presents the results for the exploratory risk
factors assessed by the questionnaire. Surprisingly
none of these items turned out statistically significant,
nor did any of the relative risk estimates indicate clini-
cal relevance. Table 2 provides slight prophylactic evi-
dence for the postoperative application of periocular
steroids and antibiotics, but the duration of the pro-
phylaxis should exceed one week after surgery (rela-
tive risks 1.23 and 1.11 for cancellation within one
week, respectively). Whereas the application of intra-
operative periocular steroids seems protective (relative
risk 0.83), the local application of steroids 1 day be-
fore and at the day of surgery appears promoting for
the development of an endophthalmitis (risk estimates
1.19 and 1.11, respectively). The same tendency was
observed for local antibiotics (risk estimates 1.05 and
1.15, respectively). Finally it was observed that pa-
tients undergoing outpatient surgery showed a reduc-
tion in risk for postoperative endophthalmitis (relative
risk for surgeons with more than 20% outpatient
surgery 0.76). 
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Table 1. Confirmatory risk factors: column 2 displays mean endophthalmitis counts (EO). Column 3 presents the risk factors'
hazard ratio (RR), column 4 shows the RR’s 99% confidence interval (99% CI), column 5 displays the corresponding Wald test
p value.

size of surgical centre mean EO count relative risk 99% CI p (Wald test)
local surgeons 0.66

(n = 203)
larger centres / university hospitals 1.72

(n = 87)
RR = 0.70 0.49-0.98 p = 0.007

incision mode mean EO count relative risk 99% CI p (Wald test)
clear corneal 1.32

(n = 92)
sclerocorneal 0.84

(n = 201)
0.97 0.69-1.38 p = 0.845

intraocular antibiotics applied mean EO count relative risk 99% CI p (Wald test)
yes 0.75

(n = 170)
no 1.27

(n = 125)
0.69 0.48-0.99 p = 0.009

periocular antibiotics applied mean EO count relative risk 99% CI p (Wald test)
yes 0.90

(n = 136)
no 1.02

(n = 161)
0.68 0.49-0.96 p = 0.004

participation in 1996 survey mean EO count relative risk 99% CI p (Wald test)
yes 1.00

(n = 245)
no 0.34

(n = 32)
0.47 0.21-1.07 p = 0.020

Table 2. Exploratory risk factors; column 2 displays the sub groups' sizes, column 3 the risk factors' hazard ratio (RR, 99% confi-
dence interval in brackets), column 4 the correponding Wald test p value

risk factor frequency “yes” / “no” RR   (99% CI) p (Wald test)

> 20% outpatient surgery? 123  /  171 0.76    (0.55-1.04) 0.022
ECCE involved in incicion? 14  /  285 2.12    (0.58-7.77) 0.139

incision (postero)limbal? 45  /  43 0.80    (0.49-1.29) 0.222
incision width larger than 3 mm? 16  /  75 1.51    (0.81-2.81) 0.087

local antibiotic prophylaxis
1 day before surgery? 106  /  193 1.05    (0.77-1.44) 0.674

at day of surgery? 72  /  227 1.15    (0.80-1.65) 0.334
local steroid prophylaxis

1 day before surgery? 258  /  41 1.19    (0.77-1.86) 0.303
at day of surgery? 161  /  138 1.11    (0.81-1.50) 0.396

conjunctival iodine preppping? 288  /  19 0.66    (0.37-1.17) 0.059
covering lashes’ environment? 289  /  8 1.15    (0.36-3.70) 0.750

intraoperative periocular steroids? 188  /  109 0.83    (0.61-1.14) 0.134
postoperative prophylaxis
local steroid application? 226  /  73 0.69    (0.26-1.87) 0.342

duration less than 1 week? 148  /  153 1.23    (0.90-1.68) 0.083
local antibiotic application? 233  /  60 0.95    (0.65-1.41) 0.756
duration less than 1 week? 119  /  114 1.11    (0.78-1.59) 0.447



HEALTH ECONOMICAL EVALUATION

Since there was an obvious preference for gentamicine
in the surgeons’ answers (59%, plus 22% in combina-
tion with vancomycine), the subsequent cost analysis
will be based on the assumption of an overall prophy-
lactic application of gentamicine. 

According to the above epidemiological data
400,000 cataract surgeries per year are assumed for
Germany. Establishment of the prophylaxis will re-
duce the total number of endophthalmitis cases per
year from the reported 291 to 214 cases per year. Each
of the remaining unavoided cases will cause direct
costs of 3 831.47 €, cumulating to overall costs of 819
934.58 € per year. This must now be corrected for the
cumulate costs of 272 000 € for the assumed 400 000
prophylactic intervention at a rate of 0.68 € per eye.
This results in annual costs of 1 091 934.58 €. The
above must now be compared with the opposite sce-
nario, when antibiotic prophylaxis is omitted by all
surgeons. The observed number of 291 endophthalmi-
tis cases may then increase up to 399 cases per year,
resulting in cumulate costs of 399 x 3 831,47 = 1 528
756.53 € per year. 

Summarizing global recommendation of an intraoc-
ular intraoperative antibiotic prophylaxis based on
gentamicine would then result in a maximum annual
gain of about 436 822 €. Even compared to the recent
status quo (58% of the surgeons reporting regular use
of antibiotics) the annual gain would amount to about
183 465 €. 

DISCUSSION

The main intention of this evaluation was to repro-
duce recent epidemiological findings on putative risk
factors [25, 11] for endophthalmitis after cataract
surgery. The main confirmatory hypotheses generated
from a German survey [9] in 1996 stated the protec-
tive effect of intraoperative intraocular antibiosis [6]
and the promoting effect of the clear cornea incision

mode. The size of the ophthalmosurgical centre and a
participation in the 1996 survey were regarded as con-
founders and introduced into the multivariate analysis. 

There was neither a statistically nor clinically rele-
vant indication for an increased endophthalmitis risk
of patients undergoing clear corneal incision. This may
be explained by an increased familarity with the clear
corneal procedure and an increased awareness of its
risk potential for postoperative complications [9]. 

Note that the underlying data base includes some
crucial limitations, which must be emphazised when
interpreting the results at hand: First, both the 2000
and the 1996 survey are only based on aggregate self-re-
ported information instead of clinically monitored case
data, i.e. surgeons only report their usual ways of
surgery and their overall numbers of cataracts: Maybe
there have occurred rare, but systematic, deviations
from this usual surgical strategies just in those few cas-
es, which ended up with an endophthalmitis. The re-
sulting misclassification could lead to severe bias and
therefore even to adverse results concerning the risk
factors under consideration. The validity of self-re-
ported endophthalmitis counts has to be questioned as
well, since some of the responders may have “correct-
ed” their endophthalmitis counts. Others (presumably
non-responders) may have produced remarkable en-
dophthalmitis rates, which they would never like to
commit even in an anonymous questionnaire. In addi-
tion, only the sites’ chairmen were asked for their site’s
overall endophthalmitis counts; their answers may not
necessarily represent the whole site. Furthermore, the
self-reported data is due to some obvious “digital pref-
erence”: surgeons may have truncated their reported
counts of cataract surgeries to “round numbers” such
as 5000 or 1500 (Fig. 1). Since this effect will hardly be
relevant for the endophthalmitis counts, the RSR val-
ues may be biased by this truncation process. On the
other hand, any of the recent survey studies on the
epidemiology of endophthalmitis [2, 3, 4, 5, 6, 7, 9]
will underly these limitations. 

To evaluate the impact of the above sources of bias,
a sensitivity analysis of the main statistical results was
performed, where all reported cataract counts were
randomly corrected for truncation. None of the results
changed notably. In summary, the protective effect of
intraoperative antibiosis has been strictly confirmed. 

An additional cost analysis for the putative prophy-
laxis was performed. Of course this analysis can only
be based on very crude assumptions concerning the
costs and the numbers of avoidable endophthalmitis
cases. Nevertheless, even an extensive sensitivity analy-
sis for the economical input data still confirmed the
overall result, that the prophylaxis is economically
beneficial. The ethical benefit of an antibiotic prophy-
laxis would be obvious, regarding the large number of
vitrectomies [26] and enucleations caused by endoph-
thalmitis. On the other hand, extensive microbiologi-
cal research seems necessary to obtain information on
the risk of increasing resistance [27, 28] of the infec-
tious agent: Whereas the variation of infectious agents
seems unlimited, the range of effective antibiotics is
certainely restricted and maybe soon exhausted. 

Of course, the results of an incidence-based health
economical evaluation cannot be regarded sufficient
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Fig. 1. Scattergram of the bivariate distribution of self report-
ed numbers of cataract surgeries and endophthalmitis cases in
1998.



for health policy decisions – the above epidemiological
and health economical results were rather provided as
part of a rationale for the overall evidence based dis-
cussion [6] on endophthalmitis prophylaxis. 

REFERENCES

1. Allen HF, Mangiaracine AB. Bacterial endophthalmitis af-
ter cataract extraction II: Incidence in 36 000 consecutive
operations with special reference to preoperative topical
antibiotics. Arch Ophthalmol 1974; 91:3-7 

2. Bohigian GM.  A study of the incidence of culture-posi-
tive endophthalmitis after cataract surgery in an ambula-
tory care center. Ophthalmic Surg Lasers 1999; 30:295-8

3. Colleaux KM, Hamilton WK. Effect of prophylactic an-
tibiotics and incision type on the incidence of en-
dopthalmitis after cataract surgery. Can J Ophthalmol
2001; 35: 373-8

4. Results of the Endophthalmitis Vitrectomy Study. En-
dophthalmitis Vitrectomy Study Group. Arch Ophthal-
mol 1995; 113: 1479-97

5. Kattan HM, Flynn HW, Pflugfelder SC et al. Nosocomial
endophthalmitis survey. Current incidence of infection af-
ter intraocular surgery. Ophthalmology 1991; 98: 227-38

6. Ciulla TA, Starr MB, Masket S. Bacterial endophthalmitis
prophylaxis for cataract surgery: an evidence based up-
date. Ophthalmology 2002; 109: 13-24

7. Versteegh MF, vanRij G.  Incidence of endophthalmitis
after cataract surgery in the Netherlands: several surgical
techniques compared. Doc Ophthalmol 2001; 100: 1-6

8. Olk RJ, Bohigian GM. The management of endoph-
thalmitis: diagnosic and therapeutic guidelines including
the use of vitrectomy. Ophthalmic Surg 1987; 18: 262-7

9. Schmitz S, Dick B, Krummenauer F, Pfeiffer N. Endoph-
thalmitis after cataract surgery – results of a German sur-
vey. Ophthalmology 1999; 106: 1869-77

10. Ayyala RS, Stevens SX, Grizzard WS, Fouraker BD. Re-
current endophthalmitis after cataract surgery with a scle-
ral tunnel incision. Cornea 1998; 17: 233-5

11. Jeddi A, Sebai L, Nacef L et al. Etiologies and risk factors
of endophthalmitis. J Fr Ophtalmol 1993; 16: 397-400

12. Montan PG, Koranyi G, Setterquist HE et al. Endoph-
thalmitis after cataract surgery: risk factors relating to
technique and events of the operation and patient history:
a retrospective case control study. Ophthalmology 1998;
105: 2171-7

13. Norregaard JC, Thoning H, Bernth-Perterson P et al.
Risk of endophthalmitis after cataract extraction: results
from the International Cataract Surgery Outcomes Study.
Br J Ophthalmol 1997; 81: 102-6

14. Chalkley THF, Shoch D. An evaluation of prophylactic
subconjunctival antibiotic injection in cataract surgery.
Am J Ophthalmol 1967; 64: 1084-87

15. Christy NE, Lall P. Postoperative endophthalmitis fol-
lowing cataract surgery: Effects of subconjunctival antibi-
otics and other factors. Arch Ophthalmol 1973; 90: 361-6

16. Kolker AE, Freeman MI, Pettit TA. Prophylactic antibi-
otics and postoperative endophthalmitis. Am J Ophthal-
mol 1967; 63: 434-37

17. Peymann GA, Daun M. Prophylaxis of endophthalmitis.
Ophthalmic Surg 1994; 25: 671-4

18. Starr MB. Prophylactic antibiotics for ophthalmic surgery.
Surv Ophthalmol 1983; 27: 353-73

19. Starr MB, Lally JM. Antimicrobial prophylaxis for oph-
thalmic surgery. Surv Ophthalmol 1995; 39: 485-501

20. Townsend-Pico WA, Meyers SM, Langston RH, Costin
JA. Coagulase negative staphylococcus endophthalmitis
after cataract surgery with intraocular vancomycin. Am J
Ophthalmol 1996; 121: 318-9

21. Stokes ME, Davis CS, Koch GG. Categorical Data Analy-
sis Using the SAS® System. SAS® Institute Inc., Cary,
North Carolina, U.S.A. 1995

22. SPSS® Software: SPSS Inc., Chicago, Illinois, U.S.A.
23. Apt L, Isenberg SJ, Yoshimori R, Spierer A. Oupatient

topical use of povidone-iodine in preparing the eye
surgery. Ophthalmology 1989; 96: 289-92

24. Speaker MG, Menikoff JA. Prophylaxis of endophthalmi-
tis with topical povidone-iodine. Ophthalmology 1991;
98: 1769-75

25. Hughes DS, Hill RJ. Infectious endophthalmitis after
cataract surgery. Br J Ophthalmol 1994; 78: 227-32

26. Wisniewski SR, Hammer ME, Wizzard WS et al. An in-
vestigation of the hospital charges related to the treat-
ment of endophthalmitis. Ophthalmology 1997; 104: 739-
45

27. Mino de Kaspar H, Hoepfner AS, Engelbert M et al. An-
tibiotic resistance pattern and visual outcome in experi-
mentally induced Staphylococcus epidermis endoph-
thalmitis in a rabbit model. Ophthalmology 2001; 108:
470-8

28. Williamson JC, Virada SR, Raasch RH, Kylstra JA.
Oxacillin resistant Staphylococcus aureus endophthalmi-
tis after ganciclovir intraocular implant. Am JOphthalmol
2000; 129: 554-5

Received: September 13, 2004 / Accepted: November 24, 2004

Address for correspondence:
Prof. Dr. Frank Krummenauer 
Abteilung für Klinische Epidemiologie und Gesundheits-
ökonomie an der Klinik und Poliklinik für Orthopädie
Universitätsklinikum Carl Gustav Carus an der Technischen
Universität Dresden 
Fetscherstr. 74, Haus 29
D-01309 Dresden, Germany
Tel.: +49(0)351/458 3747
E-mail.: Frank.Krummenauer@uniklinikum-dresden.de

EUROPEAN JOURNAL OF MEDICAL RESEARCHFebruary 28, 2005 75


