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ABSTRACT 
 
Modern cataract surgery with implantation of an intraocular lens (IOL) is an increasingly safe 
and successful procedure, though complications still occur. This thesis addresses the most 
common complication, posterior capsule opacification (PCO) and the rare but serious 
complication postoperative endophthalmitis (POE). 
 
The pathogenesis of PCO is multifactorial and several surgical and IOL-related factors appear 
to play an important role in PCO formation. In this project the relation of PCO to IOLs of 
different materials and design was investigated and, furthermore, the association between 
PCO and the anterior capsulorhexis position. In a prospective study, patients were randomized 
to have implantation of a heparin-surface-modified (HSM) poly(methyl methacrylate) 
(PMMA) IOL, a silicone IOL or a hydrophobic acrylic IOL after phacoemulsification 
(phaco). The HSM PMMA and the silicone IOL have rounded optic edges and the acrylic IOL 
has a sharp-edged optic. The PCO was assessed using the Evaluation of Posterior Capsule 
Opacification (EPCO) analysis system. After 2 years, patients with a hydrophobic acrylic IOL 
had significantly less PCO compared to those with a silicone or a HSM PMMA IOL. Three 
years postoperatively, the position of capsulorhexis in the silicone group and the acrylic 
group, were retrospectively analysed. Patients with the rhexis completely on the IOL optic 
had significantly less PCO than those with a decentred rhexis. 
 
Because of the potentially serious outcome after POE, various prophylactic regimes are used 
and putative risk factors are analysed. The object of this project was the investigation of the 
efficacy and safety of a previous undescribed prophylactic mode against POE, an intracameral 
injection of cefuroxime. Pharmacokinetic data on intraocular cefuroxime was analysed. 
Visual acuity, endothelial cell loss, laser flare intensity and IgE-mediated hypersensitivity 
were assessed. Furthermore, the project included a single-centre, retrospective clinical 
observation study of POE in association with prophylactic intracameral cefuroxime. National 
data on POE were investigated in a multi-centre prospective observational study and risk 
factors for POE were analysed in a single-centre case-control study. The studies showed that 
intracameral prophylactic cefuroxime appears safe and confers protection against POE, the 
latter in the sense that traditionally common species causing POE, such as staphylococci no 
longer are main aetiologies. Also, the general incidence of POE was very low. 
 
Key words: posterior capsule opacification, postoperative endophthalmitis, cataract surgery, 
capsulorhexis, intraocular lens, acrylic hydrophobic IOL, HSM PMMA IOL, silicone IOL, 
round edge, sharp edge, prophylaxis, cefuroxime 
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ABBREVIATIONS 
 

AQUA  Automated Quantification of After-cataract  

BAB  blood aqueous barrier 

BCVA  best-corrected visual acuity 

BRB  blood retina barrier 
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INTRODUCTION 
 

Background 
Cataract is the most common cause of visual impairment and there are approximately 20 

million people blind from this condition in the world (Foster 1999). The prevalence of 

cataract increases with age and is slightly higher among women (Kahn et al. 1977; Klein et al. 

1992). Lens opacities are found in more than 70% of all people over 75 years of age (Kahn et 

al. 1977; Klein et al. 1998) and according to one investigation, approximately 30% of the 

population over 70 years of age will eventually undergo cataract surgery (Hirvela et al. 1995). 

 

Cataract operation is the most common surgical procedure in Sweden today. According to the 

Swedish National Cataract Register, the number of extractions increased from approximately 

7000 to 77 500 during 1980 – 2004 (Figure 1). There was a large increase in the 1980s, when 

the implantation of an intraocular lens (IOL) and the use of ophthalmic viscoelastic device 

(OVD) became the standard procedures. Also in the 1990s, the increase was large because of 

modification of the surgical technique with phacoemulsification (phaco). The procedure has 

become increasingly safe (Apple et al. 1992), but complications still occur. This thesis 

addresses the most common complication, posterior capsule opacification (PCO) (Apple et al. 

1992; Schaumberg et al. 1998; Schmidbauer et al. 2001) and the rare but serious 

complication, postoperative endophthalmitis (POE) (Javitt et al. 1991; Norregaard et al. 1997; 

Aaberg et al. 1998). 

 

Figure 1. Cataract extractions in Sweden, annual volume. 
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Posterior capsule opacification 
Posterior capsule opacification in the centre usually causes a decrease in visual acuity by 

direct blockage of the visual axis (Figure 2). 

Figure 2. Dense posterior capsule opacification. 

 

PCO formation is related to age and, in general, there is a lower incidence of PCO among 

older patients (Apple et al. 1992). 

The treatment of PCO is capsulotomy of the posterior capsule and is usually performed with 

neodynium: yttrium-aluminium-garnet (Nd:YAG) laser (Figure 3). 

 

 

 

 

 

 

 

 

 

 

Figure 3. Capsulotomy of the posterior capsule. 
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Only in children and in cases with very dense membranes, a secondary invasive posterior 

capsulotomy is performed (Apple et al. 1992). In small children the prevention and treatment 

of PCO also includes primary posterior capsulorhexis and anterior vitrectomy (Vasavada & 

Desai 1997; Kugelberg & Zetterström 2002). Clinical studies have reported varying 

incidences of Nd:YAG treatment of PCO, decreasing from 50% in the 1980s (Apple et al. 

1992) to less than 10% currently (Apple et al. 2001; Pandey et al. 2004). There are some 

disadvantages with ND:YAG laser therapy. Vision threatening complications may occur such 

as cystoid macular edema, postoperative intraocular pressure elevation, retinal detachment, 

damage to the intraocular lens and IOL luxation (Steinert et al. 1991; Apple et al. 1992; Javitt 

et al. 1992; Holweger & Marefat 1997; Newland et al. 1999; Ge et al. 2000). With the 

relatively high incidence of PCO, a Nd:YAG capsulotomy has become a commonly 

performed ophthalmic surgical procedure and therefore significantly raises the overall cost of 

cataract treatment (Steinberg et al. 1993). 

 

Posterior capsule opacification is also referred to as after-cataract and the mechanism is still 

not completely understood. In fact the posterior capsule itself is not primarily involved, but 

the opacification process adjacent to the posterior capsule is caused by proliferation and 

migration of residual lens epithelial cells (LECs) and their derivates after surgery (Apple et al. 

1992). The LECs, having the potential to produce significant opacification, are remaining 

cuboidal cells from the anterior capsule and epithelial cells at the equatorial lens bow 

(Marcantonio & Vrensen 1999). These cells form membranes and/or clusters of swollen, 

opacified epithelial pearls, Elschnig pearls, and it is suggested that anterior epithelial cells 

mainly cause the fibrosis form and the equatorial cells cause the pearl form of PCO 

(McDonnell et al. 1983). Clinically, the fibrosis-type of PCO tends to appear sooner (within 6 

months) than epithelial pearls which often appear after several months or years (Apple et al. 

1992). Furthermore, development of PCO appears to be a dynamic process and tendency to 

regression of LECs with polyacrylic IOLs over a 2-year period has been described (Hollick et 

al. 1998). Recently, re-organization and even disappearance of Elschnig pearls was reported 

(Findl et al. 2004). Besides decreased visual acuity, the fibrosis may cause wrinkling of the 

posterior capsule (McDonnell et al. 1983) and may give rise to visual distortions including 

glare (Holladay et al. 1985). 

 

Several authors have performed meta-analyses of published articles on PCO and they 

conclude that no single causative mechanism has been recognized but several surgical and 
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IOL related factors appear to play a major role in PCO formation (Schaumberg et al. 1998; 

Schmidbauer et al. 2001). Thorough removal of LECs and cortical remnants is important in 

the prevention of PCO (Peng et al. 2000). Pseudophakia lessens PCO compared to aphakia 

(Zetterström et al. 1996). It is suggested that in the bag-fixation of the IOL may help in 

reducing PCO (Ram et al. 1999). For instance, the IOL can act as a barrier against the 

migration of residual LECs (Hansen et al. 1988; Peng et al. 2000a) and the IOL material 

appears to be a major determinant for this effect (Hollick et al. 1998; Ursell et al. 1998; 

Hollick et al. 1999; Ram et al. 2001). Also the design of the IOL appear to be important in 

prevention of PCO and less PCO was reported with a sharp-edged IOL than with a round-

edged IOL (Nishi et al. 1998; Kruger et al. 2000; Nishi et al. 2000; Nishi et al. 2001). 

Furthermore, the size and position of the continuous curvilinear capsulorhexis (CCC) has 

been suggested to influence PCO (Ravalico et al. 1996; Hollick et al. 1998). It is hypothesized 

that LECs more easily migrate from the anterior capsule on to the posterior capsule if the 

capsulorhexis margins are partially or totally outside the IOL optics (Meacock et al. 2001). 
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Postoperative endophthalmitis 
Any surgical procedure may be complicated by infection. In open globe surgery, invasion of 

bacteria into the anterior chamber and the vitreous may occur resulting in postoperative 

endophthalmitis. Patients typically present with sudden onset of ocular pain, reduced vision, 

conjunctival hyperaemia, lid swelling and hypopion (Endophthalmitis Vitrectomy Study 

Group 1995; Mamalis et al. 2002) (Figure 4). Most cases, approximately 75%, appear within 

10 days postoperatively and another 20% within 11 to 30 days after surgery (Montan et al. 

1998). Late onset infections, i.e. later than four weeks, are often caused by less virulent 

bacteria and those cases can be difficult to differ from sterile postoperative inflammation. 

 

 

 

 

 

 

 

 

 

Figure 4. Acute postoperative endophthalmitis. 

 

Consequences for the eye may be devastating since the avascular state of the vitreous and the 

sparse vasculature of the retina provide poor immediate defence against bacteria. The toxins 

produced by Gram-negative organisms and Staphylococcus aureus have proved to be 

particularly deleterious to the retina (Meyers-Elliott & Dethlefs 1982; Booth et al. 1995). Also 

streptococci and enterococci are associated with a poor visual outcome (Mao et al. 1992; 

Endophthalmitis Vitrectomy Study Group 1996; Mamalis et al. 2002). It is assumed that pH-

changes and consumption of oxygen induced by the infection have an influence on the 

inflammatory response. In a rabbit-model, an altered permeability of the vessels, mainly in the 

anterior segment of the eye, was reported as early as three hours after intravitreal injection of 

an endotoxin (Howes et al. 1994). An early breakdown of the blood-retinal barrier (BRB) has 

also been described (Metrikin et al. 1995). 
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Complications of POE result in severe visual loss with visual acuity of less than 20/200 in at 

least 30 -50% of all patients (Aaberg et al. 1998; Montan et al. 1998; Doft et al. 2000). It is 

hypothesized that the most common source of POE is the patients’ external flora (Sherwood 

et al. 1989; Speaker et al. 1991). Gram-positive organisms, mostly coagulase-negative 

staphylococci, are the dominant causes of culture-proven POE (Endophthalmitis Vitrectomy 

Study Group 1996; Montan et al. 1998; Montan et al. 2002). 

Because of the potentially serious outcome after POE, various prophylactic regimes are used. 

The frequency of POE has decreased over the last two decades and incidence averages of 

0.1% or even less have been reported in multi-centre studies (Javitt et al. 1994; Aaberg et al. 

1998; Montan et al. 2002) It is suggested that this improvement could in part be explained by 

the use of prophylactic intracameral antibiotics (Gills 1987; Gimbel et al. 1994; Schmitz et al. 

1999), but there are no prospective randomized double-masked controlled studies within this 

area to provide evidence of efficacy of any regime as stated in an evidence-based meta-

analysis (Ciulla et al. 2002). The authors state that current literature indicates a relative 

support of the use of povidone-iodine as a preoperative disinfectant but in the referred to 

prospective study, povidone-iodine was used in combination with a variety of anti-infective 

compounds (Speaker & Menikoff 1991). 

Cefuroxime, the studied drug in this thesis, is a 2nd generation cephalosporin, with a fair 

antibacterial coverage against Gram-positive species. It has a bactericidal effect and interferes 

with bacterial cell wall synthesis. The killing action is time-dependent. 

 

A number of investigations have been conducted with the aim of identifying risk factors for 

the development of POE. With such information, various preventive measures could be 

implemented to lessen the incidence of POE. General health conditions of the cataract patient 

and various features of the operation technique have been pinpointed as risk factors, but the 

results have not been consistent (Kattan et al. 1991; Menikoff et al. 1991; Javitt et al. 1994; 

Montan et al. 1998; Nagaki et al. 2003; Wong & Chee 2004). It is also reasonable to believe 

that intraoperative complications increase the risk of POE, but the results from several studies 

are not conclusive (Javitt et al. 1991; Menikoff et al. 1991; Norregaard et al. 1997; Wong & 

Chee 2004). 
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AIMS OF THE STUDY 
• To study posterior capsule opacification after cataract surgery in relation to different 

intraocular lenses (I, II). 

• To study the effect of the position of anterior capsulorhexis on posterior capsule 

opacification (II). 

• To evaluate the efficacy and the safety of a hitherto undescribed prophylactic mode against 

postoperative endophthalmitis using an intracameral injection of cefuroxime (III, IV). 

• To identify risk factors and protective factors for postoperative endophthalmitis in a large 

surgical unit and in a nation-wide survey (III, V, VI). 
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MATERIALS AND METHODS 
 

Posterior capsule opacification, papers I and II 
With the aim of determining the extent of PCO and its possible dependence on different lens 

materials and design, a prospective randomized trial was performed (I). Two thirds of the 

participating cohort in paper I was retrospectively reviewed for an association between PCO 

and the position of the anterior capsulorhexis (II). 

 

 

PCO in association with IOL materials and design and in relation to the 

position of anterior capsulorhexis (I, II) 
The prospective study (I) included 180 eyes of 180 patients who had uneventful, standardized 

cataract surgery with phacoemulsification. Patients were between 61 and 86 years old and had 

no ocular pathology except cataract and non-serious macular degeneration. Patients with 

diabetes mellitus or on current steroid therapy were not included. In the retrospective study 

(II), the same cohort with the exception of those implanted with a poly(methyl methacrylate) 

(PMMA) lens with a different optic size was studied. 

 

Intraocular lenses (I, II) 

The patients were randomized to have implantation of 1 of 3 types of IOLs. A single-piece 

heparin-surface-modified (HSM) PMMA IOL (809C, Pharmacia & Upjohn) with an optic 

diameter of 5.0 mm was implanted in 61 patients. Sixty patients received a foldable 3-piece 

silicone IOL (SI-40NB, Allergan) with an optic diameter of 6.0 mm and 59 patients received a 

foldable, hydrophobic acrylic IOL (AcrySof® MA60BM, Alcon) with an optic diameter of 6.0 

mm. The MA60BM has a sharp-edged optic and the 809C and SI-40NB have rounded-edged 

optics. 

 

Ethics (I, II) 

Approval from the local ethics committee was given for the studies and informed consent was 

obtained before surgery from all patients participating in the study. 
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Surgery (I, II) 

Cataract surgery was performed by the same surgeon (C.Z.) at St Erik’s Eye Hospital between 

1995 and 1998 using a standardized procedure. The surgery was performed through a 

corneoscleral incision and a CCC approximately 4.5 to 5.5 mm wide was created under the 

protection of Healon®. Hydrodissection and hydrodelineation were performed using balanced 

salt solution (BSS®). Phacoemulsification was performed and cortical lens material was 

aspirated. An IOL was implanted in the bag and the wound closure was left unsutured in all 

cases. Postoperatively, topical 0.1% dexamethasone (Isopto-Maxidex®) was prescribed 3 

times a day for 1 week and 2 times a day for 2 weeks. 

 

Follow-up (I, II) 

Postoperative examinations were performed with visual acuity assessment and 

retroillumination photographing after 2 and 3 years to evaluate potential PCO. 

The Nd:YAG rate was recorded and analysed at the 2-year visit. 

 

Evaluation of Posterior Capsule Opacification (EPCO) (I, II) 

To evaluate PCO, a retroillumination photograph was taken through a dilated pupil using 

slitlamp and photographic set-up. The images were digitized and imported into the EPCO 

computer-analysis system (Tetz et al. 1997). With EPCO, the PCO density is interactively 

scored on a scale from 0 to 4 and then multiplied by the fractional area involved. The EPCO 

classification is as follows: 0 = none; 1 = minimal (mild capsule wrinkling, mild 

homogeneous layers or sheets of LECs); 2 = mild (honeycomb pattern of PCO, thicker 

homogeneous layers, denser fibrosis); 3 = moderate (classic Elschnig pearls, very thick 

homogeneous layer); 4 = severe (very thick Elschnig pearls with “darkening effect” and 

severe opacification). 

 

Position of anterior capsulorhexis (II) 

Images from patients with MA60BM and SI-40NB IOLs were analysed 3 years 

postoperatively. The relationship of the anterior capsulorhexis margin to the optic edge of the 

IOL was assessed on the retroillumination images by an independent not surgically trained co-

worker, on a separate occasion from the PCO assessment to avoid bias. The position of the 

rhexis was graded as either completely on the optic (rhexis group 1) or at least partly off the 

optic (rhexis group 2). 
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Statistics (I, II) 

The PCO density scores of each patient in the different IOL groups were ranked from the 

lowest to the highest. After Nd:YAG capsulotomy, patients were discontinued from further 

image analyses and their score imputed as the highest rank was carried forward throughout 

the study. 

In paper I, the PCO data were computed with Kruskal-Wallis 1-way analysis of variance by 

ranks with additional multiple comparisons. The Nd:YAG rate in relation to the three lens 

types was analysed using Pearson chi-squared test (paper I). In paper II, the PCO density 

score data were analysed using Wilcoxon´s two-sample rank test. A p-value of <0.05 was 

defined as significant. 

 

 

Postoperative endophthalmitis, papers III-VI 
The aims of these studies were to evaluate a previously not used prophylactic program to 

prevent postoperative endophthalmitis and to investigate the epidemiology and potential risk 

factors for POE. In our clinic, St Erik’s Eye Hospital, prophylactic programs with either 

subconjunctival gentamicin or with topical gentamicin had proved to be insufficient against 

the targeted strains of bacteria (Montan et al. 1998; Montan et al. 2000). In January 1996 the 

prophylactic program was changed and a postoperative intracameral injection of 1 mg of 

cefuroxime was added to the prophylactic protocol. The efficacy (paper III) and the safety 

(paper IV) of this new regime were evaluated in non-controlled observational studies. 

In Sweden, a national database, the Swedish National Cataract Register (NCR), was 

established in January 1992 (Stenevi et al. 1995) to gather nation-wide data on cataract 

extractions. From 1998 and onward, the participating clinics have committed to supply data 

on all cases of POE. Within the framework of NCR, the epidemiology of POE and potential 

risk factors were investigated during a 3-year period in a prospective observational study 

(paper V). Furthermore, a single-centre retrospective case-control study was conducted at St 

Erik’s, to relate incidents of POE to various parameters of patient history, operation 

techniques and the use of different prophylactic regimes. 
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Single-centre epidemiology of POE in association with prophylactic 

intracameral cefuroxime (III) 
In paper III, a retrospective clinical observational study was performed on cases of POE 

occurring after all uncombined cataract operations at St. Erik’s Eye Hospital from January 

1996 through December 2000. All patient charts in the hospital are computerized and all 

patients with presumed postsurgical infections are registered since 1990. The POE rate 

associated with the use of intracameral injection of cefuroxime was calculated and compared 

with historical data on POE rates from 1990 to 1995 (Montan et al. 1998; Montan et al. 2000). 

 

Clinical definitions of POE 

A presumed postoperative endophthalmitis case was defined as any patient experiencing 

unexpectedly intense postoperative inflammation warranting intraocular fluid sampling for 

microbiological analyses. Culture negative cases were deemed as probably infected unless an 

alternative cause of inflammation was unveiled. 

 

Cultures and medical treatment 

Cultures were evaluated according to current standard methods (Murray 1995). Medical 

treatment of POE included intravitreal injections of ceftazidime 2.27 mg and vancomycin 1 

mg, subconjunctival injections of ceftazidime 100 mg and vancomycin 25 mg and systemic 

steroids. Eyes with light perception visual acuity were immediately vitrectomized in 

accordance with evidence presented by the Endophthalmitis Vitrectomy Study Group (EVS) 

(Endophthalmitis Vitrectomy Study Group 1995). 

 

Prophylactic protocol 

The antibiotic solution, which was instilled in the capsular bag at the completion of the 

surgery, consisted of 1 mg cefuroxime in 0.1 mL 0.9% saline (Zinacef®, Pharmacia & 

Upjohn). The antimicrobial prophylactic protocol further included a topical preparation with 2 

drops of 0.3% gentamicin (Gentamicin Sulfate®), which were omitted in June 1998, and 

rinsing of the conjunctiva with 0.05% chlorhexidine solution 5 minutes before surgery. The 

lid margins were draped with sterile plastic cover and the periocular zone was disinfected 

with 0.5% chlorhexidine alcohol. 

No other preoperative or postoperative antibiotics were routinely used during the study 

period. 
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Statistics 

Pearson chi-squared test was used for categorical data. A p-value < 0.05 was defined as 

significant. 

 

 

Safety and kinetics of intracameral cefuroxime in cataract surgery (IV) 
 

Evaluation of visual acuity, endothelial cell counts and laser flare intensity in association 

with intracameral cefuroxime 

This study investigates the safety of the prophylactic protocol, previously described in paper 

III, page 21. The solution pH and osmolality were determined. Analyses were made to 

identify potential side effects of the antibiotic on the corneal endothelium, blood-aqueous 

barrier (BAB), and visual recovery. This observer-masked study used safety and functional 

data generated from the cataract patients participating in the prospective clinical trial 

described in paper I, see page 18 for enrolment criteria of study population and page 19 for 

description of the surgery. When that study had completed two thirds of the total enrolment, 

intracameral cefuroxime was added to the prophylactic regimen, which until then had 

consisted of preoperative topical antibiotics and disinfectant only. Thus, safety data from 

cases that had received the intracameral prophylaxis and from those that had been treated with 

topical anti-infectants only could be compared. Ninety participants were selected at random, 

but the study group was stratified according to the lens material, yielding 15 patients receiving 

intraocular antibiotics and 15 controls per lens type. 

The best-corrected visual acuity was recorded 3 months after surgery. 

Corneal endothelial cell counts, expressed as cells/mm², were assessed immediately before 

and 3 months after surgery with a Topcon SP-1000 noncontact specular microscope. The cells 

were counted with the IMAGEnet-640 (Topcon Corp.) cell-analysis program. 

The aqueous protein concentration, expressed as photons/millisecond, was measured with the 

Kowa 500 laser flare photometer. Readings were done 30 minutes after pupil dilation with a 

topical mixture of 0.75% cyclopentolate and 2.5% phenylephrine. This examination was done 

before surgery as well as 1 and 3 days and 3 months postoperatively. 
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Immunoglobulin E-mediated hypersensitivity to cefuroxime 

In 1997 the frequency of immunoglobulin E (IgE) mediated hypersensitivity to cefuroxime 

was recorded. In patients who reported probable systemic anaphylaxis related to the use of 

penicillins and cephalosporins, a skin prick test was performed. The skin prick test was done 

with cefuroxime in 250 mg/mL solution. A weal larger than 3.0 mm that developed within 15 

minutes was deemed positive. 

 

Intraocular concentrations of cefuroxime 

The pharmacokinetics of intracameral administration was analysed in a prospective observer-

masked investigation including 20 cataract patients. Patients were enrolled if they met the 

same entry criteria as in the safety study assessing visual acuity, endothelial cell counts and 

effects on BAB. The local ethics committee approved the investigation and informed consent 

was obtained from each participant. 

The 20 patients had uneventful phacoemulsification performed by one of two surgeons (H.S., 

P.G.M.) with implantation of a foldable 5.5 mm silicone IOL (SI-55NB, Allergan Optics) 

through a 3.2 mm scleral incision at the 12 o’clock position. Thirty seconds after the 

instillation of cefuroxime, 0.1 mL of aqueous humor was collected in 10 patients via the side 

port with a blunt 27-gauge cannula attached to a syringe. In another 10 patients, the collection 

was done 60 minutes after the operation. 

The samples were kept at -70ºC until further analysis. An agar diffusion method was used for 

concentration assays. The samples were tested together with 2-fold standard serial dilutions of 

cefuroxime prepared in PBS and an independent internal control in duplicate. 

 

Statistics 

Pearson chi-squared test was used for categorical data. As the continuous variables were not 

normally distributed, the Mann-Whitney test was used for independent variable comparisons 

between groups. A p-value < 0.05 was considered significant. 
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Multi-centre prospective observational study on POE frequency after 

cataract surgery (V) 
The data were collected within the framework of the Swedish National Cataract Register 

(NCR). During the study period, all surgical units in Sweden except one participated. The 

clinics report all POE cases, including culture-proven cases and presumed cases with a 

negative culture. The case report consist of two forms, the first of which requires the date of 

suspected diagnosis and intraocular culture samples, while the second, to be completed about 

3 months later, asks for information on the type of isolated organism, the prophylactic regime 

and present visual acuity. At the end of every year, all clinics are asked to verify the reported 

cases of POE. Remainders are issued also to clinics that have not reported any cases 

primarily. Parameters as patient gender and age, operation technique and lens material are 

also reported to the database. 

 

Prophylaxis Regimen Survey 

Every clinic reports their current use of prophylactic method in the month of December and 

whether this practice has been subject to change in the previous year. The material was 

dichotomized into intracameral antibiotics administered as bolus injections or in infusion fluid 

(regardless of additional topical anti-infectives) and ocular surface antibiotics only, given 

either as topical antibiotics or as subconjunctival injections, or both. 

 

Diagnosis and Therapy 

Guidelines concerning diagnostic and therapeutic management of POE in line with the 

presented evidence from the EVS (Endophthalmitis Vitrectomy Study Group 1995; Barza et 

al. 1997), are accessible to the ophthalmic community in an extensive document available on 

the internet. Gold standard methods including solid media and enrichment broths for both 

aerobic and anaerobic cultures of intraocular samples from endophthalmitis cases are 

described in a document published in 1994 by the Swedish institute for infectious disease 

control. 

 

Statistics 

All statistical evaluations were done with the Statistical Package for the Social Sciences 

(SPSS) for MS Windows (10.0 version). Pearson chi-squared test was employed in univariate 

analyses to explore the association between categorical variables and the development of POE 
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and confidence intervals for odds ratios were calculated. A logistic regression model was 

subsequently used. A p-value of < 0.05 was defined as significant. 

 

 

Single-centre retrospective case-control study of risk factors for POE 

following cataract surgery (VI) 
This case-control study was performed at St. Erik’s Eye Hospital. All presumed POE cases 

among patients who underwent uncombined cataract operation or cataract operation combined 

with trabeculectomy from January 1994 through December 2000 were retrospectively 

reviewed. For this investigation, four control cases were randomly selected for every POE 

case reflecting the operation volume for each year. All information was retrieved from the 

computerized patient charts and from the register of all presumed postsurgical infections at 

the hospital. The local ethics committee approved the investigation. 

 

Investigated variables 

Parameters pertaining to patient history and to peroperative technique and complications were 

analysed. The analysed variables were: (1) age, (2) gender, (3) diabetes defined as use of oral 

antidiabetic medication and/or insulin 4) immunosuppressive treatment (systemic treatment 

with steroids, antimetabolites, alcylating agents, cyclosporine A or topical steroids), (5) use of 

prophylactic cefuroxime in the capsular bag or no such use, (6) operation technique 

(phacoemulsification, extra- or intracapsular cataract extraction or combined cataract 

extraction with trabeculectomy), (7) lens material (HSM PMMA, silicone, acrylic, hydrogel 

or no intraocular lens), (8) lens position (in the posterior chamber or anterior chamber or no 

lens used), (9) communication with vitreous, (10) loss of vitreous, (11) wound dehiscence. 

 

Prophylaxis Regimen 

During the study period the infection prophylaxis in our clinic was changed, illustrated in 

Figure 5. The preoperative preparation in 1994 and 1995 consisted of 0.3% gentamicin eye-

drops given 4 times in 45 minutes and chlorhexidine solution 0.05% 10 ml irrigation of the 

conjunctiva 5 minutes before the start of the operation. In January 1996 1 mg cefuroxime in 

0.1 mL saline 0.9% (Pharmacia & Upjohn) instilled in the capsular bag at the completion of 

surgery was added to the topical regime. At the same time the administration of gentamicin 

eye drops were decreased to 2 times preoperatively. 
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For two months in 1997 ceftazidime 0.5 mg was combined with 0.5 mg cefuroxime as the 

intraocular regime, following an epidemic with ceftazidime sensitive bacteria. In terms of skin 

preparation, the lid margins were draped with sterile plastic cover and the periocular zone was 

disinfected with chlorhexidine alcohol 0.5% in the entire study period. No other anti-infective 

drugs were given. All surgeons at the clinic adhere to the prophylactic principles. 

 
   January 1994  January 1996  June 1998 
           
Preoperative  0.3% gentamicin————————————————————│ 
topical   eye drops 
preparation          
   0.05% chlorhexidine  
   rinsing of the conjunctiva—————————————————————►
          
           
Intracameral injection      1997 Oct - Nov 
at the end of surgery    cefuroxime 1 mg ————│——│————►
         ↑ 
        cefuroxime 0.5 mg 
        ceftazidime 0.5 mg 
           
 
 

Figure 5. Prophylactic program. 

 

 

Statistics 

The relative risk of POE associated with the different parameters was calculated using 

Pearson Chi-Squared test. A subsequent forward stepwise logistic regression was employed 

with variables that were found to be statistically significant in the univariate analyses. All 

statistical evaluations were done with the Statistical Package for the Social Sciences (SPSS) 

for MS Windows (12.01 version). Since the parameters hydrogel lens material and no lens 

used were highly unusual, it was decided to omit them from both univariate and multivariate 

analyses. A p-value < 0.05% was considered significant. 
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RESULTS AND DISCUSSION 
 

Posterior capsule opacification 
 

Two years follow-up of 3 IOLs with different materials and design (I) 
Two years postoperatively, 17 of the 180 patients did not come to the examination and 30 

patients were excluded because the images were of poor quality. The analyses showed that the 

HSM PMMA IOL group had significantly more PCO than the silicone and the AcrySof 

groups. The silicone group had significantly more PCO than the AcrySof group (p<0.05) 

(Table 1). 

 

  IOL Group  

 

Parameter 

HSM PMMA 

809C 

Silicone 

SI-40NB 

AcrySof 

MA60BM 

Number of patients 49 46 38 

Average of ranks (1) 87 67 43 

YAG frequency (%) (2) 20 22 8 
(1) p<0,05 (Kruskal-Wallis analysis by ranks) 

(2) p>0,05 (χ2-test) 

Table 1. Average of ranks of the individual EPCO scores and YAG frequency. 

 

A variety of methods are used in the literature to evaluate PCO. Worsening of visual acuity or 

Nd:YAG rates are poor guidelines for estimating PCO, because the decision to treat a patient 

is influenced both by decreased vision and by the patients’ subjective complaints. Visual 

acuity could also be reduced by other factors than PCO. Thus, morphological evaluation of 

PCO is crucial to an objective comparison of IOLs and surgical techniques. 

Several quantitative methods have been developed, for example EPCO, POCOman system 

and the Automated Quantification of After-Cataract (AQUA) system (Findl et al. 2003; 

Bender et al. 2004). In the current study, where the EPCO system was used, some patients 

required treatment earlier than two years after surgery and some of the patients were treated at 

other clinics. Those patients were excluded from the analyses of best-corrected visual acuity 

(BCVA), because we could not obtain EPCO scores from them. 
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Several factors may influence PCO formation, including age at surgery, other ocular 

pathology, systemic disorders and surgical technique. However, anti-inflammatory topical 

treatment in the immediate period after surgery, does not appear to influence PCO formation 

(Zaczek et al. 2004). Nor does an enhanced inflammatory response cause increased PCO 

formation in a rabbit model (Wallentin et al. 2000). The prospective randomized single-

surgeon design of this study, and the inclusion of normal eyes, save for cataract, largely 

excludes the effect of host factors and surgical technique on the observations. Our finding that 

the HSM PMMA IOL group developed more PCO than the silicone and acrylic groups, 

largely corresponds to another study (Hayashi et al. 1998). The current study indicates that a 

hydrophobic, acrylic IOL with sharp edge lessens the PCO formation. The AcrySof IOL has 

indeed been associated with low PCO formation in other studies (Ursell et al. 1998; Hollick et 

al. 1999; Ram et al. 2001; Ernest 2003), but surgery was performed with ECCE-technique and 

PCO was measured as Nd:YAG rate. 

 

The barrier effect of the IOL, resulting in inhibition of PCO, has been discussed and studied 

and it is shown that the ingrowth of LECs from the equator along the posterior capsule can be 

retarded by an IOL (Apple et al. 1992; Zetterström et al. 1996; Peng et al. 2000a; 

Schmidbauer et al. 2001). Most IOLs now have a biconvex shape, so that the posterior 

capsule and optic surface are in apposition – the no space, no cells concept (Spalton 1999). 

The influence on PCO by the IOL material and its adhesion to the lens capsule is not entirely 

understood. Investigators have found different capsule-adhesion properties among PMMA, 

silicone and acrylic IOLs and it has been shown that the hydrophobic AcrySof IOL has a 

strong tendency to adhere to the lens capsule, contributing to capsule clarity (Nagata et al. 

1998; Oshika et al. 1998). The best barrier effect appears to be created by an IOL with a 

square optic edge (Peng et al. 2000a; Schmidbauer et al. 2001; Abela-Formanek et al. 2002). 

In vitro models have shown that, during culture, LECs cease to proliferate because of contact 

inhibition when the cells reach the rectangular well wall, but along the wall of a U-shaped 

well, LECs grow and ascend (Nishi 1999). According to those findings it has been suggested 

that a square edge of the optic creates a sharp bend in the posterior capsule, preventing LEC 

migration by contact inhibition (Nishi et al. 1998; Nishi 1999; Nishi & Nishi 1999a). 

 

It has also been argued that the preventive effect of a sharp optic edge can be obtained 

regardless of IOL material, although the adhesiveness of the material to the lens capsule could 

contribute to this effect. The AcrySof IOL has been reported to lose its preventive effect on 
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PCO when the optic was rounded (Nishi et al. 2001). Several authors have demonstrated that 

the preventive effect on PCO is similar with an AcrySof IOL and with a sharp edged silicone 

IOL (Nishi et al. 2000; Schauersberger et al. 2001; Auffarth et al. 2003; Mester et al. 2004). 

It has further been suggested that the hydrophobic acrylic IOLs are associated with a lower 

incidence of PCO than hydrophilic acrylic IOLs (Abela-Formanek et al. 2002; Auffarth et al. 

2004). 

Our results are in accordance with the reported experience that patients implanted with the 

sharp-edged, hydrophobic AcrySof IOL develop significantly less PCO than those with a 

silicone or HSM PMMA IOL with round-edged design. 

 

 

Position of anterior capsulorhexis and influence on PCO (II) 
The retrospective investigation three years postoperatively included two lens types, the 

silicone and the AcrySof, with the same optic diameter. Images from 92 patients out of the 

original 119 were analysed. Twenty-seven patients were excluded because they did not come 

to the examination or because the images did not visualize the entire anterior capsulorhexis 

margin. Patients with the capsulorhexis completely on the IOL optic had significantly less 

PCO than those with a decentred rhexis (p=0.0014). These results were reproduced within the 

AcrySof lens group (p=0.0048) and within the silicone lens group (p=0.041) (Table 2). 

 

 
Rhexis group 1 

Completely on the IOL 
Rhexis group 2 

Decentred 
p-value 

Silicone SI40NB    

 Number 32 15  

 EPCO median 0.151 0.283 0.041 

AcrySof MA60BM    

 Number 28 17  

 EPCO median 0.025 0.178 0.0048 

Total    

 Number 60 32  

 EPCO median 0.050 0.269 0.0014 

Table 2. EPCO medians and statistical comparisons for each IOL type when the capsulorhexis 

margin is decentred or completely on the IOL optic. 
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In addition, patients with AcrySof IOLs had significantly less PCO than those with silicone 

lenses 3 years after surgery (p=0.026) (Table 3), confirming the results of the 2-year 

examination (paper I). 

 

 
IOL Group  

 
Silicone 
SI40NB 

AcrySof 
MA60BM 

p-value 

Number 47 45  

EPCO median 0.223 0.054 0.026 

Table 3. EPCO medians for the two different IOL groups. 

 

The size and position of the anterior capsulorhexis has been investigated in previous studies 

with inconsistent results. Some investigators suggest that an anterior capsulorhexis slightly 

larger than the optic allow an adhesion between the anterior capsular flap and the posterior 

capsule, which would prevent migration of LECs into the visual axis (Hansen et al. 1988; Tetz 

et al. 1988). Other authors have found an increased incidence of PCO in cases of ciliary 

sulcus fixation of the IOL (Tan & Chee 1993). In one study it was demonstrated that an 

overlapping of the capsulorhexis of less than 20% resulted in significantly more PCO 

(Auffarth et al. 2003), but our results indicate that the rhexis edge should be completely on the 

IOL to reduce the incidence of PCO. The results of the current study agree with a study of 

rabbit eyes, where it was found that a well-centred anterior capsulorhexis, smaller than the 

IOL optic and with the entire circumference of the capsular edge in apposition to the optic 

lessens the PCO (Nishi et al. 2000). The same conclusion was made in a study on human eyes 

with AcrySof IOLs obtained postmortem (Schmidbauer et al. 2002). In contrast, a recently 

published investigation of the relation of the anterior capsule and the AcrySof MA30BA (5.5 

mm optic) and its impact on PCO formation, no relationship between rhexis position and PCO 

was shown (Vasavada & Raj 2004). However, in that study only the presence or absence of 

PCO was measured, not the severity of PCO. Our results, in contrary, indicate that the rhexis 

position is particularly important when an AcrySof IOL is implanted. 
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If the rhexis is outside the optic in some part, there is incomplete adhesion between the 

capsule and the IOL. This creates a possible space for LECs to migrate on to the posterior 

capsule, illustrated in Figure 6. 

 

 
Figure 6. AcrySof IOL with decentred capsulorhexis and incipient PCO. 

 

Regardless of the rhexis position, our results show that patients with an AcrySof IOL had less 

PCO than those with a silicone IOL. This may be explained by the difference in IOL design 

and the adherence of the hydrophobic acrylic material as is discussed in paper I. Our results 

indicate that the position of the anterior capsulorhexis as well as the square-edged design of 

the IOL are important prophylactic factors against PCO. 
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Postoperative endophthalmitis 
 

Single-centre epidemiology of POE and prophylactic cefuroxime (III) 
As St Erik’s Eye Hospital is the only ophthalmic surgical centre in Stockholm with in-patient 

care and retina service, we believe that all cases of intraocular infections warranting sampling 

were admitted to the hospital. 

During the study period 1996 – 2000, a total of 20 POE cases, 13 of which were culture 

positive, were found in 32 180 cataract operations, corresponding to a rate of 0.06%. The 

result was significantly lower compared to the POE rate between 1990 and 1995, which was 

0.26% (p<0.001) (Montan et al. 1998; Montan et al. 2000) Figure 7 demonstrates shifts in 

aetiology between the periods. 
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Figure 7. Bacterial aetiology of culture proven POE 1990-2000. 

 

From 1990 to 1995 the prophylactic program included gentamicin, either as subconjunctival 

injection (1990-1993) or as eye drops (1994-1995). The overall frequency of POE was 
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practically identical for both periods, i.e. 0.26% and 0.25% respectively (Montan et al. 1998; 

Montan et al. 2000). 

 

It could be argued that the decreasing incidence of POE was due to the technical improvement 

of cataract surgery in the 1990s. To reduce the possible bias by technical development, only 

phacoemulsification procedures with implantation of silicone IOLs were investigated in a 

subanalysis. From 1990 to 1995, there were 18 cases of POE in 3742 procedures and from 

1996 to 2000, 11 cases in 12 245 procedures (p<0.001), thus reproducing the overall results. 

In the study group, 7 cases had severe visual loss with a final visual acuity worse than 2/20, 

compared to 33 cases from 1990 to 1995 (p<0.001). 

 

Out of 13 culture proven cases, cefuroxime-resistant organisms caused 12. The selection of 

cefuroxime was based on the aetiological spectrum of previous endophthalmitis cases after 

cataract surgery in St Erik’s Eye Hospital. Of 59 causative strains, only 4 were resistant to 

cefuroxime and it was assumed that the risk of an infection caused by a cefuroxime-resistant 

organism would be approximately 1 in 8500 operations. However, an unexpectedly high 

number of gram-negative infections occurred during the study period. Two epidemic 

outbreaks occurred in the clinic, and exogenous contamination was suspected in the first 

incident concerning 2 patients and was proved in the second concerning 4 patients. In the first 

epidemic, caused by Alcaligens xylosoxidans, the source was not possible to identify but is 

known to contaminate solutions used in hospitals (Duggan et al. 1996). This pathogen has 

also been reported as a cause of low-grade POE in other studies (Aaberg et al. 1997; Swart et 

al. 1999). In the second epidemic, 3 of the cases were infected by the same strain of 

Agrobacterium species, traced to a tank containing deionised water used for rinsing the 

phacoemulsification hand pieces. This species has not been described as an ocular pathogen. 

One patient was infected with Staphylococcus aureus and the relation to the epidemic is 

uncertain. This was the only case in the study in which cefuroxime failed to eradicate a 

susceptible strain. Five additional cases were caused by the multiresistant enterococci and 

they constitute a serious gap in the of cefuroxime coverage of Gram-positive bacteria. Those 

patients achieved a final visual acuity from no light perception (NLP) to counting fingers (CF) 

1 m only. From 1990 to 1995 there were 2 cases of POE caused by enterococci and there 

seems to have been a slight rise in number to 5 cases from 1996 to 2000, however, the 

increase was not significant (p=0.22). 
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Vancomycin is effective against enterococci and has shown prophylactic evident efficacy 

against POE (Gimbel et al. 1994). However, we believe that vancomycin should be reserved 

for treatment only as it is a last-resort antibiotic with the exclusive capacity to combat 

infections caused by multiresistant Gram-positive bacteria. As regards the mode of 

administration, irrigation fluid antibiotics appear to be widely used in the Western world 

(Gills 1987; Gimbel et al. 1994; Schmitz et al. 1999), but we suggest that intracameral 

injection at the end of the procedure is a better alternative for environmental reasons. 

 

 

Safety and kinetics of intracameral cefuroxime (IV) 
 

Visual acuity, endothelial cell loss and laser flare intensity in association with 

cefuroxime 

Quality analyses of the cefuroxime solution showed a pH of 7.42 and osmolality of 311 

mOsm/kg, values within the tolerance range for corneal endothelium, which are 6.5 to 8.5 and 

200 to 400 mOsm/kg respectively (Gonnering et al. 1979; Edelhauser et al. 1981). There was 

no statistically significant difference in endothelial cell loss between patients who received 

cefuroxime and those who did not, in line with previous reported observations on intracameral 

instillation of vancomycin and cefotaxime (Gimbel et al. 1994; Kramann et al. 2001). Nor was 

there any significant difference in induced laser flare changes between the groups. 

We did not find any difference in visual acuity between the groups (p=0.6). One patient in the 

cefuroxime group and two in the topical disinfectant group developed cystoid macular edema 

(CME). Others have reported significantly higher numbers of CME after extracapsular 

cataract surgery when vancomycin was added in the irrigation fluid (Axer-Siegel et al. 1999). 

One deficiency in the current package of safety analyses is the lack of investigation of retinal 

toxicity. We are confident, however, that the cefuroxime solution is safe from a retinal 

perspective. An animal study on intraocular cefuroxime did not show any retinal damage on 

the ultrastructural level (Koul et al. 1990) and our results showed no significant differences in 

visual acuity or clinically diagnosed CME between patients receiving cefuroxime and control 

patients. Also, there were no induced changes in laser flare. 
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IgE-mediated hypersensitivity to cefuroxime 

In the investigation of IgE-dependent allergy to cefuroxime, 5813 patients were screened. A 

skin prick test was performed in 233 patients on the basis of a reported skin or systemic 

reaction to the use of penicillins and cephalosporins. Only three tests were positive. These 

patients had cefuroxime instilled in the anterior chamber after being pretreated with an oral 

antihistamine and no adverse effects were observed. 

 

Pharmacokinetic data on intraocular cefuroxime 

Concerning the pharmacokinetic data, the median intracameral level of cefuroxime declined 

by a factor of 4 in 1 hour, i.e. from 2742 mg/L at 30 seconds to 756 mg/L at 60 minutes after 

drug instillation. The fast decrease found in the 60 minutes may not reflect the true 

elimination rate beyond the first hour. It could be slower because the dilution of the 

cefuroxime with aqueous flow probably is larger initially after the operation. The actual half-

life of cefuroxime may be approximately 1 to 2 hours or similar to that reported for irrigation 

fluid antibiotics (Ferro et al. 1997; Lehmann et al. 1997; Mendivil Soto & Mendivil 2001). 

With a presumed constant elimination rate, cefuroxime levels in the aqueous exceeding 

minimal inhibitory concentrations (MIC) for several relevant species will persist for 4 to 5 

hours (Donowitz & Mandell 1990). 

This assumption is supported by the results of the efficacy study of intracameral cefuroxime 

(III) in which there was only one case of POE caused by a cefuroxime-sensitive strain in more 

than 32 000 operations. 

In conclusion, intracameral prophylactic cefuroxime in cataract surgery appears safe and 

effective. 
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National data on POE frequency (V) 
In the national prospective survey 1999-2001, 112 cases of POE in 188 151 cataract 

operations were identified, yielding an incidence of 0.0595%, which is at the lower end of the 

range reported in recent publications (Javitt et al. 1994; Aaberg et al. 1998; Schmitz et al. 

1999; Versteegh & Van Rij 2000; Morlet et al. 2003; Sandvig & Dannevig 2003). The 

incidence is further the same as was found in the efficacy study from St. Erik’s Eye Hospital 

1996 to 2000 (III). 

Gram-positive bacteria were the dominating aetiology, comprising 84.6% of culture-proven 

cases. The share of enterococci among causative bacteria was 25.3%, which is in line with the 

results in our single-centre study (III) where it was 38.5%. Also in this study the proportion of 

enterococci in culture-proven cases grew compared to previous reports from NCR (Montan et 

al. 1998). However, the frequency of POE due to enterococci did not change in the general 

cataract population (0.009% versus 0.012%). These shifts in aetiology are believed to have 

influenced visual outcomes following POE in the current study. A 20/40 acuity or better was 

reached by 28%. Roughly, half of the study group, 52.5%, had a final outcome of less than 

20/200, implying that the overall risk of sustaining severe visual impairment due to POE was 

3 in 10 000 cataract operations. In the multi-centre project conducted by the EVS 

(Endophthalmitis Vitrectomy Study Group 1995), about 50% of the patients reached 20/40 

acuity and that is most likely explained by the difference in proportions of culture-negative 

cases and cases infected by coagulase negative staphylococci. Such patients accounted for 

80% in the EVS and for 40% in the present material and those subjects almost invariably 

recover good visual acuity. 

 

The data on the use of prophylactic antibiotics were analysed only from those clinics where 

the same regime had been in use during the entire previous year. The frequency of POE in 

patients who had received intracameral antibiotics was significantly lower (0.053%) than it 

was in patients who had been given topical antibiotics only (0.22%) (p<0.001). This 

difference was also found to be statistically significant in a logistic regression analyses 

(p<0.001) (Table 4). 
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POE cases/  Odds ratio  P-value 
total number (%) (95% CI)  

Intra-cameral antibiotics** 81/151 874 (0.053) 1.0 
 
No intra-cameral*** 15/6 805 (0.220) 3.649 (2.291 – 5.812) <0.001 
antibiotics 
 
Table 4. Use of prophylactic antibiotics in clinics with unchanged regimes during an entire 
year*. 
 
* Number of procedures in clinics where the prophylactic regime was changed during the year were 29 472. 
These cases were consequently not included in this analysis. 
** 98.5% of cases received intracameral cefuroxime as a bolus intracameral injection, 1.5% were treated with 
infusion fluid antibiotics (gentamicin and vancomycin). 
*** 72.5% received topical antibiotic eye drops such as chloramphenicol or fusidic acid only, 27.5% were 
treated with a subconjunctival injection of gentamicin. 
 

 

No significant risk factors among the tested variables of age, gender or type of surgery were 

identified in the logistic regression model. 

 

This is the largest prospective epidemiological study on POE following cataract surgery 

presented in the last decade. Consistent and continuous reporting by Swedish 

ophthalmological surgical units for almost 10 years makes us believe that the validity of the 

data is high (Håkansson et al. 2001). The present results suggest that the use of intraocular 

antibiotics is a promising option in prevention of POE. 

 

 

Risk factors for POE (VI) 
This was a case-control study performed at St Erik’s to identify potential risk factors for POE 

after cataract surgery comprising all cataract operations performed from 1994 to 2000. During 

the study period phacoemulsification had become the standard procedure in our clinic, new 

lens materials were introduced and a new prophylactic regime was tried. 

A total number of 46 292 cataract procedures were performed and the share of combined 

procedures with trabeculectomy was 2.8% (n = 1306). Sixty patients were diagnosed with 

POE, corresponding to a rate of 0.13%. The aetiologies and visual outcome have been 

reported by Montan and co-authors (Montan et al. 2000) and in paper III. 

In the univariate analyses, 5 investigated variables were significantly associated with a 

changed risk for POE. The results from paper III and V were confirmed, as it was shown that 
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a significantly lower risk of POE is associated with the use of an intracameral prophylaxis 

with cefuroxime (p<0.001). 

In the present study the risk of POE was significantly lower when phaco was performed 

instead of ECCE/ICCE, although many previous reports have failed to demonstrate that phaco 

confers a lower risk of POE (Somani et al. 1997; Montan et al. 1998; Versteegh & Van Rij 

2000). However, the number of patients operated with ECCE/ICCE technique was very small 

and a selection bias for this technique in particularly difficult cases or complications may 

have influenced the results. There was no observed increased risk for POE associated with 

combined procedures with trabeculectomy compared to phaco alone. 

 

In the logistic regression analyses, the use of topical prophylactic methods only, performing 

ECCE/ICCE and implanting a silicone lens instead of an HSM PMMA IOL proved to be 

independent risk factors (Table 5). 

 

Variable Odds Ratio 95% Confidence Interval P 
Topical prophylaxis only vs. 
intracameral cefuroxime 

5.7 2.8-11.9 <0.001 

ECCE/ICCE vs. phaco 2.1 1.0-4.1 0.04 

Silicone lens vs. HSM PMMA 3.4 1.6-7.1 0.001 

Table 5. Multiple logistic regression analyses of independent predictors for endophthalmitis 
 

A lower risk of POE was shown when the IOL was implanted in the posterior chamber as 

opposed to the anterior chamber and when the wound was tight compared to a leaking 

incision. These variables, however, did not converge in the multivariate model due to the 

small numbers. 

Concerning IOL materials, a lower risk of POE was associated with acrylic compared to HSM 

PMMA IOLs in the univariate analyses. The result was driven, however, by the simultaneous 

introduction of the acrylic lens and of the prophylactic protocol based on an intracameral 

injection of cefuroxime and was therefore not reproduced in the logistic regression model. 

In the latter model, silicone implants as opposed to HSM PMMA lenses carried a higher risk 

of infection (Table 5). This is in line with previous reports from our institution and also seems 

to corroborate experimental studies and some clinical data, reporting an increased bacterial 

adhesion to silicone lenses compared to IOLs with a heparinized surface (Bainbridge et al. 

1998; Montan et al. 1998; Wong & Chee 2004). The result is, however, not in line with those 
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from the national survey (V), where no significantly changed risk for POE could be associated 

with any lens type. In all likelihood, the deposition of a prophylaxis in the anterior chamber 

exerting effects against gram-positive adhesive bacteria such as coagulase negative 

staphylococci and S. Aureus, is a strong factor in preventing the lens from becoming a vector 

for bacterial invasion. The present finding that the HSM IOL material may be protective even 

when an antibiotic is instilled in the proper compartment indicates that the biomaterial issue is 

not entirely unimportant in POE development after cataract surgery. 

In summary, also this study (VI) shows an impressively protective effect against POE by 

prophylactic intracameral cefuroxime. 
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SUMMARY AND PERSPECTIVES 
Cataract operation is one of the most common surgical procedures in the world and to 

minimize postoperative complications is therefore a major goal. Although the incidence of the 

most common complication, posterior capsule opacification, is decreasing rapidly, the 

disadvantages of the treatment must be taken into account. Many people in developing 

countries are blind from cataract and there is a great demand for cataract surgery in those 

countries. The Nd:YAG laser is too expensive for widespread use in the developing world. 

Thus, surgical modifications and IOL-related factors are important in the prevention of PCO. 

• Implantation of a hydrophobic, acrylic IOL with sharp optic edge appears to decrease 

the amount of PCO. 

• Positioning of the anterior capsulorhexis, ensuring that the edge is completely on the 

IOL optic, seems to reduce or delay the incidence of PCO. 

The duration of the implant in the eye plays an important role in the formation of PCO and 

short-time studies do not always show any difference in PCO related to the type of IOL 

(Mester et al. 2004). Therefore, long-term studies are required to assess how different IOLs 

perform in relation to PCO. The patients in papers I and II were also examined five years 

postoperatively and long-term data on PCO analysed with EPCO remain to be evaluated. 

 

Postoperative endophthalmitis is an infrequent complication to cataract surgery, but the 

potentially serious outcome demands the development of prophylactic regimes. 

• Intracameral injection of cefuroxime appears to be a protective factor against POE. 

• Intracameral cefuroxime appears safe in terms of local toxicity and IgE-mediated 

allergy is rare. 

• There are important gaps in the antibacterial spectrum of cefuroxime, illustrated by 

our finding of an increased share of infections due to cefuroxime-resistant 

enterococci. 

• Distinct risk factors for POE are difficult to prove. 

Future supplementations with other antibiotics delivered in the same way may be considered, 

but such changes in the prophylactic protocol will have to be preceded by safety 

investigations of putative adverse effects. The protective effect against POE produced by the 

prophylactic use of intracameral cefuroxime in comparison to topical disinfections only, has 

justified the inclusion of intracameral cefuroxime in a large on-going prospective multi-

centre European study on prophylaxis for cataract surgery. 
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In recent investigations, it has been suggested that clear corneal incision and especially a 

temporal corneal incision have been associated with an increased risk for POE (Schmitz et al. 

1999; Cooper et al. 2003; Nagaki et al. 2003). It is also reported that an injected IOL may 

decrease the risk for POE (Mayer et al. 2003). These parameters were not investigated in our 

present studies and further multivariate analysis of operating technique variables need to be 

performed. Since 2002, registration on the Swedish National Cataract Register has 

incorporated additional variables, such as incision site, the use of injectors and the presence of 

intraoperative complications. The accumulated data of a 3-year period may allow for analyses 

of these parameters in relation to the development of POE. 
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