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INTRODUCTION

Cataract surgery is one of the most commonly performed sur-
geries worldwide. Due to advancement in surgical techniques 
and materials, cataract surgery has become faster and safer.1 
However, complications of posterior capsular tear, loss of endo-
thelial cells, corneal stromal burn, postoperative endophthalmi-
tis, and even retinal detachment still occur.2,3

Acute postoperative endophthalmitis (APE) is a rare, but 
devastating complication of cataract surgery. Its incidence is 
reported to be approximately 0.023% to 0.26%, depending on 
the report.4-8 Commonly known risk factors for APE include 
older age, diabetes, posterior capsular tear and, although con-
troversial, silicone intraocular lenses (IOLs), among others.7-9 
To prevent APE, aseptic procedure, intracameral injection of 
cefuroxime, and intracameral moxifloxacin injection have been 
shown to be effective in several studies.8,10-12

There are many studies on APE, most of which have been 
conducted at several institutions, in the past, or from Western 
nationwide data.4,7,12,13 The purpose of the present study was to 
evaluate the nationwide incidence of APE after cataract sur-
gery in Koreans and to investigate risk factors related to the 
development of APE.
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MATERIALS AND METHODS

National Health Insurance (NIH) is a universal health insur-
ance system in South Korea.14 All Korean citizens are required 
to be registered with the NIH regardless of income, employ-
ment status, or marriage status.15 Health Insurance Review 
and Assessment Service (HIRA) is a government organization 
under the NIH that is responsible for reviewing medical bills, 
as well as conducting quality assessment of health care ser-
vices.14 When a healthcare provider offers a medical service, 
they file a claim to the HIRA to obtain repayment for the ser-
vice that they provided to patients.14 After July 2013, cataract 
surgery in Korea was assigned to the Diagnosis Related Group 
payment system; therefore, all cataract surgery claims must 
be filed to the HIRA for reimbursement and quality assess-
ment. The HIRA’s database is not open source. The data used 
in this study are available solely to the authors; researchers 
can apply to the HIRA after obtaining approval from the insti-
tutional review board of the institution. The Institutional Re-
view Board of the Wonju Severance Christian Hospital ap-
proved this study (IRB number: CR317339), which adhered to 
the tenets of the Declaration of Helsinki.

We selected patients who had a cataract surgery recorded 
in the HIRA database between July 1, 2014, and June 31, 2017. 
For each patient, cataract surgery was identified by the code 
S5119 (phacoemulsification) or S5111 [intracapsular cataract 
extraction (ICCE)/extracapsular cataract extraction (ECCE)]. 
We also reviewed procedures based on IOL placement. The 
code for IOL included S5117 (IOL primary) and S5116 (IOL 
secondary). Patients who had a history of intraocular foreign 
body (H446, H447) were excluded. Patients with combined 
glaucoma surgery (S5043, S5047, S5049) or total vitrectomy 
(S5122, S5121) were also excluded. APE was defined when 
endophthalmitis criteria were found within 42 days following 
the date of cataract surgery. Endophthalmitis was defined as 
1) diagnoses of endophthalmitis (H440, H441, H451, H59802) 
and treatment of vitrectomy (S5122, S5121); 2) diagnoses of 
endophthalmitis and antibiotic injection; or 3) antibiotic injec-
tion without diagnoses of endophthalmitis. The criteria for the 
use of antibiotics were based on injections of either vancomy-
cin, amikacin, ceftriaxone, ceftazidime, or amphotericin B.

Posterior capsular tear was defined when anterior vitrecto-
my was performed. Usage of sutures was defined when a 10/0 
nylon suture was used during surgery. Hypertension and dia-
betes were defined when diagnosis codes for hypertension 
(I10) and diabetes (E08-13) with antihypertensive medication 
or diabetes medications were found. Other medical condi-
tions, such as heart failure, hepatic failure, dementia, stroke, 
etc., were included when a patient diagnosis code was present 
regardless of the medications.

Clinical setting was divided as primary, secondary, and ter-
tiary hospitals. Because the information is protected, patient 
addresses could not be determined; thus, the address was eval-

uated based on the address of the hospital where the operation 
was performed. The address was divided into Seoul, metropoli-
tan, and other areas. Income levels were classified according to 
whether the patients were covered under medical insurance 
or medical care, government expenditures, or patriots and 
veterans’ affairs.

Statistical analysis was performed using independent two-
sample t-test and chi-square (or Fisher’s exact) test. For con-
tinuous variables, the data are expressed as the mean±standard 
deviation. For categorical variables, the data are expressed as 
counts and percentage. To assess potential risk factors for APE 
after cataract surgery, separate univariable logistic regression 
models were created with each covariate as an independent 
predictor and APE as the outcome. Covariates with p<0.1 in 
the univariable models were included in one multivariable 
model to assess for multivariable predictors of APE after cata-
ract surgery. Results were reported as odds ratio (OR) and 95% 
confidence intervals (CI). All statistical analyses were per-
formed with SAS Enterprise Guide 6.1 (SAS Institute Inc., Cary, 
NC, USA). All the tests were 2-sided, and p values <0.05 were 
considered significant.

RESULTS

A flow diagram of the inclusion and exclusion of participants 
is provided in Fig. 1. A total of 1048164 patients were enrolled 
from July 2014 to June 2017. We excluded 198 patients due to 
intraocular foreign body history and 62412 patients with com-
bined glaucoma and total vitrectomy surgery. Additionally, 
3351 patients had IOL implantation alone. Finally, 1505103 
cases of cataract surgery (982203 patients) were included in 
this study of APE development after cataract surgery.

In 953 eyes of 938 patients, APE developed with an overall 

n=985554

n=982203

Intraocular lens 
implantation alone 

n=3351

Intraocular foreign body history
n=198

Combined glaucoma surgery 
or retinal surgery

n=62412

2014 July 1–2017 June 30
Cataract surgery patients

n=1048164

Fig. 1. Flowchart for selection of study patients from the Health Insurance 
Review and Assessment Service from July 2014 to June 2017.
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incidence rate of 0.063%. The annual incidences of APE were 
0.067% in 2014 (July 2014–June 2015), 0.064% in 2015 (July 
2015–June 2016), and 0.058% in 2016 (July 2016–June 2017). 
Demographic factors of cataract patients are shown in Table 1. 
The mean age at which patients underwent cataract surgery 
was 69.10±10.41 years. Patients with APE were more likely to 
be male (p<0.001), have undergone surgery at a lower clinical 
setting (p=0.001), live in a rural region (p=0.002), have low in-
come status (p<0.001), and have a medical history of hyper-
tension (p<0.001), diabetes (p<0.001), heart disease (p=0.038), 
hepatic disease (including chronic hepatitis) (p=0.040), renal 
failure (p<0.001), or dementia (p=0.006).

Results of case-wise data examination and univariable re-
gression analysis are shown in Table 2. With respect to surgical 
aspects, patients with APE received more sutures (p<0.001) and 
anterior vitrectomy (p<0.001). 

Results of case-wise multivariable regression analysis are 
shown in Fig. 2. After adjusting for possible confounding fac-
tors, male sex (OR 1.42; 95% CI 1.25–1.61; p<0.001), primary 
clinical setting, operations performed in non-major cities, us-
age of sutures (OR 2.82; 95%CI 2.13–3.74; p<0.001), anterior 
vitrectomy (OR 8.71; 95% CI 6.71–11.32; p<0.001), aphakic 
cataract surgery (OR 1.52; 95% CI 1.03–2.22; p=0.033), hyper-
tension (OR 1.40; 95% CI 1.18–1.66; p<0.001), diabetes (OR 1.59; 

95% CI 1.31–1.93; p<0.001), and chronic renal failure (OR 1.28; 
95%CI 1.01–1.62; p=0.039) were found to be associated with 
APE development.

There were 3351 eyes from 3351 patients with IOL implan-
tation without phacoemulsification or ECCE/ICCE. Primary 
IOL implant was performed in 690 eyes (690 patients), and 
secondary IOL implant was performed in 2661 eyes (2661 pa-
tients). None of the patients with IOL implantation only de-
veloped APE.

DISCUSSION

Demand for cataract surgery is increasing due to aging popu-
lations, and complications after cataract surgery are a growing 
concern. Therefore, safer, faster, and cheaper cataract surgery 
that avoids possible risk factors is crucial. Also, in terms of qual-
ity management, continuous monitoring of complications of 
cataract surgery is needed. The overall APE rate in Korea from 
July 2012 to Jun 2014 was 0.063%, which is consistent with pre-
vious reports.

Preoperative immune status is important in APE develop-
ment.16,17 In the present study, hypertension, diabetes, and 
chronic renal failure were associated with APE development. 

Table 1. Demographic and Clinical Characteristics of the Study Patients 

Variable Total (n=982203)
APE development

p value
No (n=981265) Yes (n=938)

Age (yr) 0.412
<85 36390 (3.70) 36360 (99.92) 30 (0.08)
≥85 945812 (96.30) 944905 (99.90) 907 (0.10)

Male sex 418130 (42.57) 417655 (99.89) 475 (0.11) <0.001
Clinical setting 0.001

1 69249 (7.05) 69153 (99.86) 96 (0.14)
2 156653 (15.95) 156507 (99.91) 146 (0.09)
3 756300 (77.00) 755605 (99.91) 695 (0.09)

Residence 0.002
Seoul 223243 (22.74) 223070 (99.92) 173 (0.08)
Metropolitan city 280336 (28.56) 280077 (99.91) 259 (0.09)
Others 477993 (48.70) 477488 (99.89) 505 (0.11)

Income <0.001
Health insurance 912891 (92.94) 912062 (99.91) 829 (0.09)
Government expenditure 69311 (7.06) 69203 (99.84) 108 (0.16)

HTN 157902 (16.08) 157656 (99.84) 246 (0.16) <0.001
DM 82672 (8.42) 82514 (99.81) 158 (0.19) <0.001
Heart failure 92662 (9.43) 92555 (99.88) 107 (0.12) 0.038
Hepatic failure/chronic hepatitis 164159 (16.71) 163979 (99.89) 180 (0.11) 0.040
Renal failure 50308 (5.12) 50224 (99.83) 84 (0.17) <0.001
Dementia 94544 (9.63) 94429 (99.88) 115 (0.12) 0.006
Atopic dermatitis 63790 (6.49) 63719 (99.89) 71 (0.11) 0.178
Allergic rhinitis 762265 (77.61) 761551 (99.91) 714 (0.09) 0.301
APE, acute postoperative endophthalmitis; HTN, hypertension; DM, diabetes mellitus.
Variables are presented as a number of patients (%).
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Diabetes is a well-known risk factor for APE.7-9 However, stud-
ies reporting the relationship between hypertension and APE 
development were difficult to find. Hypertension could be a 
confounding factor for APE development; however, there is a 
possibility that hypertension itself could be a risk factor for 
APE, as an association between hypertension and immune sys-
tem dysfunction has been shown in several studies.18,19 Fur-
ther studies are needed to determine whether hypertension is 
a direct cause of endophthalmitis. Chronic renal failure also 

affects immune function and renders the patient prone to vari-
ous infections, such as APE.20 However, the authors were un-
able to find other large studies reporting associations between 
APE and chronic renal failure.

In the present study, clinical settings and region of surgery 
were also associated with APE development. Secondary and 
tertiary referral hospitals had lower incidences of APE devel-
opment. Interestingly only 94671 (6.3%) of all cataract surger-
ies was performed at primary clinics. According to the HIRA, 

Table 2. Cataract Cases and Univariable Regression Analysis with APE Development

Variable
APE development in cataract surgery Univariable analysis

No (n=1506057) Yes (n=953) p value OR (95% CI) p value
Age (yr) 0.453

<85 54303 (99.94) 30 (0.06) 1 (reference)
≥85 1450800 (99.94) 921 (0.06) 1.15 (0.80–1.65) 0.454

Sex <0.001
Female 889063 (99.95) 468 (0.05) 1 (reference)
Male 616040 (99.92) 483 (0.08) 1.49 (1.31–1.69) <0.001

Clinical setting <0.001
1 94671 (99.90) 98 (0.10) 1 (reference)
2 240782 (99.93) 157 (0.07) 0.63 (0.49–0.81) 0.054
3 1169650 (99.94) 696 (0.06) 0.58 (0.47–0.71) <0.001

Residence 0.002
Seoul 335708 (99.95) 178 (0.05) 1 (reference)
Metropolitan city 436872 (99.94) 260 (0.06) 1.12 (0.93–1.36) 0.743
Others 730794 (99.93) 513 (0.07) 1.32 (1.12–1.57) 0.001

Income <0.001
Health care 1394596 (99.94) 838 (0.06) 1 (reference)
Government expenditure 110507 (99.90) 113 (0.10) 1.70 (1.40–2.07) <0.001

Surgery type 0.356
Phacoemulsification 1383867 (99.94) 884 (0.06) 1 (reference)
ECCE 121237 (99.94) 69 (0.06) 0.89 (0.70–1.14) 0.356

Using suture (ref. no) 47338 (99.79) 100 (0.21) <0.001 3.62 (2.94–4.45) <0.001
Anterior vitrectomy (ref. no) 9753 (99.32) 67 (0.68) <0.001 11.61 (9.05–14.88) <0.001
IOL implantation 0.011

Primary 1468056 (99.94) 916 (0.06) 1 (reference)
Secondary 9185 (99.92) 7 (0.08) 1.22 (0.58–2.57) 0.852
None 27863 (99.89) 30 (0.11) 1.73 (1.20–2.48) 0.091

Both eyes (ref. no) 21886 (99.88) 26 (0.12) 0.001 1.90 (1.29–2.81) 0.001
Intraoperative cefuroxime 1612 (99.88) 2 (0.12) 0.649* 1.38 (0.34–5.53) 0.649
HTN (ref. no) 244435 (99.90) 249 (0.10) <0.001 1.83 (1.58–2.11) <0.001
DM (ref. no) 127176 (99.87) 161 (0.13) <0.001 2.21 (1.86–2.62) <0.001
Heart failure (ref. no) 143219 (99.93) 107 (0.07) 0.068 1.21 (0.99–1.48) 0.068
Hepatic failure/chronic hepatitis (ref. no) 252636 (99.93) 181 (0.07) 0.064 1.17 (0.99–1.37) 0.064
Renal failure (ref. no) 76586 (99.89) 87 (0.11) <0.001 1.88 (1.51–2.34) <0.001
Dementia (ref. no) 145595 (99.92) 116 (0.08) 0.009 1.30 (1.07–1.58) 0.009
Atopic dermatitis (ref. no) 98895 (99.93) 72 (0.07) 0.213 1.17 (0.92–1.48) 0.214
Allergic rhinitis (ref. no) 1173560 (99.94) 725 (0.06) 0.197 0.91 (0.78–1.05) 0.197
APE, acute postoperative endophthalmitis; ECCE, extracapsular cataract extraction; IOL, intraocular lens; HTN, hypertension; DM, diabetes mellitus; OR, odds ra-
tio; CI, confidence interval; ref, reference.
Variables are presented as a number of cataract case (%).
*Fisher’s exact test.
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there are 1561 ophthalmology clinics, 78 secondary hospitals, 
and 173 tertiary referral centers registered.21 The authors cau-
tiously suspect that, since only 6.3% of cataract surgeries are 
performed in private clinics, which account for more than 85% 
of the total number of ophthalmologic hospitals, this shows 
that cataract surgery is not performed frequently, so it may be 
difficult to maintain sterilization of facilities and instruments. 
Further study and education should be performed regarding 
this matter. Patients who received cataract surgery in non-ma-
jor cities had higher APE development rates. This suggests that 
environmental factors also affect APE development.

Whether ECCE or phacoemulsification poses a higher risk of 
APE is controversial. Theoretically, ECCE would pose a higher 
risk due to the larger surgical incision and inflow of fluid from 
the ocular surface during surgery. While some reports suggest 
increased risk in ECCE,22 Wong and Chee4 reported that phaco-
emulsification had a three-fold higher risk of developing APE, 
although the reason was unclear. In the present study, ECCE 
exhibited a reduced risk, although the difference was not sta-
tistically significant (OR 0.81; p=0.110).

Herein, we found anterior vitrectomy to be strongly associ-

ated with APE development (OR 8.71; p<0.001). Posterior cap-
sular tear is a common intraoperative complication during 
cataract surgery.23 Many reports show an increased risk of de-
veloping APE in patients with posterior capsular tear.7 When 
the posterior capsule is ruptured, a longer duration of surgery 
is needed, and delayed bacterial elimination from the vitreous 
is assumed to be a reason for increased APE development.4 
Anterior vitrectomy was the most important risk factor for the 
occurrence of endophthalmitis, and close observation is needed 
both during and after surgery for possible APE development. 

In this study, leaving the patient aphakic was associated with 
higher APE risk (OR 1.52; p=0.033). Aphakia after cataract sur-
gery is usually unplanned and primarily caused by a surgical 
complication:24 the authors suspect it is mainly from intraop-
erative complications. In the prevention thereof, intracameral 
cefuroxime was found to be effective in several studies.8,10-11 
However, the prophylactic effect of cefuroxime was not statis-
tically significant in this study. 

The most interesting finding in the present study was that 
usage of sutures increased the risk of developing APE. The in-
cidence of APE had been on a continuous decrease until 1992, 

Variable  OR (95% CI) p value

Age ≥85 vs. Age <85

Male vs. female

Clinical setting

Secondary vs. primary

Tertiary vs. primary

Region of operation

Metropolitan vs. Seoul

Others vs. Seoul

Medical care vs. medical insurance

ECCE vs. phacoemulsification

Usage of suture

Anterior vitrectomy

IOL implantation

Secondary vs. primary

Aphakic cataract surgery vs. primary

Both eyes

Hypertension

Diabetes

Heart failure 

Hepatic failure/Chronic hepatitis

Renal failure

Dementia

1.25 (0.86–1.80)

1.42 (1.25–1.61)

0.63 (0.49–0.83)

0.66 (0.52–0.83)

1.15 (0.94–1.40)

1.37 (1.14–1.64)

0.96 (0.74–1.22)

0.81 (0.63–1.05)

2.82 (2.13–3.74)

8.71 (6.71–11.32)

1.29 (0.61–2.76)

1.52 (1.03–2.22)

0.93 (0.59–1.45)

1.40 (1.18–1.66)

1.59 (1.31–1.93)

0.90 (0.73–1.11) 

1.01 (0.86–1.19)

1.28 (1.01–1.62)

1.12 (0.92–1.37)

0                  1                   2                  3                   4                   5                  6

OR

Fig. 2. Forest plot of ORs and 95% CIs for risk factors for acute postoperative endophthalmitis development. ECCE, extracapsular cataract extraction; 
IOL, intraocular lens; OR, odds ratio; CI, confidence interval.

0.240

<0.001

0.001

<0.001

0.163

0.001

0.705

0.110
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the year in which the self-sealing clear corneal incision was 
introduced. After 1992, an increased incidence of APE was 
described.25,26 Widespread use of clear corneal incisions was 
thought to be one of the reasons for increased APE develop-
ment.26 While clear corneal incision offers a shorter procedure 
time, less astigmatism, and faster visual recovery, compared 
with a scleral tunnel procedure,25 wound integrity and fluid 
influx from self-sealing clear corneal incisions have been is-
sues for a long time.27,28 Also, whether suturing of the corneal 
wound in cataract surgery improves wound integrity has been 
debated.29,30 The role of sutures in postoperative endophthal-
mitis is controversial. Lee, et al.31 reported suture-related de-
layed postoperative endophthalmitis. However, Thomas, et al.32 
suggested that suturing decreased the rate of APE. In the pres-
ent study, use of sutures was associated with increased APE 
even after correction for ECCE and ICCE in multivariable logis-
tic regression. Using sutures during surgery could mean several 
things. Sutures could be used to improve wound stability in 
non-complicated surgery or it could also be related to wider 
incisions, complications, such as corneal stromal burn, pro-
longed and excessive manipulations, and sutured scleral inci-
sions, etc., which could also have an effect on APE development. 
Although the suture itself could be a focus for infections, con-
cluding that suturing is related to APE will require further 
evaluation.

There are several limitations to this study. First, error or loss 
in coding is possible.33 If complications, such as dropped nu-
cleus, occurred and a patient received a total vitrectomy, the 
patient is no longer included in the diagnosis-related groups. 
These patients were impossible to distinguish from planned 
phaco-vitrectomy. Therefore, some patients may have been 
overly excluded in the present study. Also, since hospitals claim 
a reimbursement from the HIRA after the procedure, loss to 
claim used materials could be possible. In addition, the data-
base does not clarify the route of antibiotics administration 
nor laterality of surgery, leading to overestimation of APE de-
velopment. Second, inflammatory disease, such as toxic ante-
rior segment syndrome, could be coded as endophthalmitis, 
which could be confused as APE. Fifteen patients were sus-
pected to have bilateral APE. Although it is not impossible to 
develop bilateral APE, authors suspect that if APE occurred in 
the first operation, it is likely that the surgeon may have over 
treated inflammatory reactions after fellow eye surgery. There-
fore, there is a possibility that the incidence of APE is overesti-
mated. Third, the period of observation time was short. The 
authors reviewed only 3 years of cataract surgeries due to size 
limitations of the HIRA database, and trends in APE develop-
ment could not be evaluated. Fourth, information regarding 
the type and placement of incision was not available, and clear 
corneal incision and temporal placement are considered risk 
factors for developing APE.26 Fifth, the IOL material is unknown, 
since previous studies have suggested that certain types of 
IOL may be implicated in APE development.34 However, the 

material of the IOL could not be identified in this study. Anoth-
er limitation is that this study did not clearly identify the resi-
dence of the patients. If the patient is operated outside their 
area of residence, there may be an error in the evaluation. De-
spite these limitations, this study is the first nationwide evalu-
ation of APE development in Korea and has the advantage of 
evaluating variables that were not identified in other studies.

The overall rate of APE was 0.063% in South Korea form July 
2014 to June 2017. Preoperative risk factors for APE were male 
sex, hypertension, diabetes, and chronic renal failure. Intra-
operative risk factors were usage of sutures, anterior vitrecto-
my, and aphakic cataract surgeries. Operations performed in 
non-major cities in a primary clinical setting were also associ-
ated with increased development of APE. Additional research 
is needed to determine the relationship of newly found risk 
factors, such as hypertension, primary clinical setting, chronic 
renal failure, and usage of sutures, with APE development. No 
APE developed after IOL implantation only without cataract 
extractions.
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