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Objective: Intended to investigate the epidemiological characteristics, risk factors and
incidence trend of endophthalmitis after cataract surgery in recent 12 years.
Methods: A retrospective study was conducted on the patients who underwent cataract
surgery in Qingdao Eye Hospital from January 1, 2008, to December 31, 2019,
including age, sex, history of diabetes, intraoperative operation and complications. In
addition, the related risk factors and incidence trend of acute infective endophthalmitis
were analyzed. The incidence of endophthalmitis and its related factors were analyzed
by univariate and multivariate logistic regression analysis.
Results: A total of 55,612 cases of cataract surgery were performed in our hospital in 12 years,
and 42 cases of acute infective endophthalmitis occurred (the incidence rate was 0.076%). The
average occurrence time was 10.57 days ± 11.17, with eye pain as the main complaint and
anterior chamber fibrin exudation as the main clinical manifestation. In addition, there were eight
cases of anterior chamber hypopyon and 18 cases of vitreous reaction, the results of anterior
aqueous humor or vitreous fluid culture in 10 patients were positive. Univariate analysis showed
that intraoperative rupture of posterior capsule, non-use of antibiotics and non-use of behind-thelens washout were the risk factors of infectious endophthalmitis after cataract surgery (P=0.032,
P=0.000, P=0.000). Besides, multivariate logistic regression analysis showed that intraoperative
rupture of posterior capsule was the main risk factor.
Conclusion: The occurrence of endophthalmitis after cataract surgery is mainly related to
intraoperative rupture of posterior capsule, absence of antibiotics and behind-the-lens washout. In
addition, the incidence of endophthalmitis after cataract surgery decreased during the past 12 years.
Keywords: cataract, postoperative endophthalmitis, incidence rate, pathogenic factors

As one of the most serious complications after cataract surgery, endophthalmitis can
cause rapid damage to visual function and even blindness in severe cases. The incidence
of endophthalmitis in developed countries is 0.012%–0.053% and the incidence of
endophthalmitis in China in 2017 is 0.033%–0.11%.1–5 In 2020, we analyzed the
incidence rate of endophthalmitis in 55,612 patients after cataract surgery in our hospital
in the past 12 years. We found that there were some characteristics in the incidence and
influencing factors of endophthalmitis in our hospital, so as to guide clinical work.

Patients and Methods
The patients who underwent cataract extraction combined with intraocular lens
implantation in Qingdao Eye Hospital from January 1, 2008, to December 31,
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2019, were studied retrospectively. The study was con
ducted in accordance with the Declaration of Helsinki
and approved by the institutional review board of
Shandong Eye Institute. Written informed consent was
obtained from all the studied subjects for sample collection
and subsequent analyses. In addition, the general data of
the patients were recorded and the characteristics of infec
tious endophthalmitis after cataract surgery in the 12 years
were analyzed. Inclusion criteria were as follows: clinicalor laboratory-diagnosed infective endophthalmitis
occurred within 42 days after phacoemulsification or
small incision extracapsular extraction combined with pri
mary intraocular lens implantation. Exclusion criteria: cat
aract combined with other ophthalmic surgery (such as
anti-glaucoma surgery, corneal transplantation, vitreous
related surgery, etc.); patients with a history of uveitis;
cataract patients with penetrating injury; and congenital
cataract patients.
Clinical examination: the general data, basic diseases,
surgical methods and intraoperative complications of the
selected patients were collected. In addition, the symp
toms, signs, visual acuity, intraocular pressure, time of
endophthalmitis after cataract surgery, laboratory culture
results, treatment and prognosis of patients with
endophthalmitis were observed.
Clinical diagnosis: There are no obvious causes of eye
pain, decreased vision, anterior chamber inflammation
(anterior chamber reaction or flare, obvious cells, exuda
tion, hypopyon, etc.), or significant vitreous inflammation
after cataract surgery. In addition, patients with noninfectious uveitis, anterior segment toxic reaction syn
drome or other intraocular inflammation with definite
causes were excluded. Laboratory diagnosis: Patients
with positive microbial culture of anterior aqueous
humor or vitreous were patients with pathogenic bacteria.
Once endophthalmitis was suspected, an emergency plan
was immediately initiated by a consultation team, includ
ing senior experts specializing in cataract, vitreoretinal
surgery, and hospital-acquired infection control.
According to the consensus of experts on the treatment
of acute bacterial endophthalmitis after cataract surgery in
China and the guiding principles abroad, a phased treat
ment scheme was adopted according to the severity of the
disease. Patients with mild inflammation in the anterior
chamber and no hypopyon in the anterior chamber were
treated with eye drops and systemic antibiotics. Severe
inflammatory reaction in the anterior chamber, with or
without hypopyon and vitreous inflammation, was treated
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with antibiotic anterior chamber lavage or combined with
vitreous injection of antibiotics. Severe anterior chamber
reactions, with severe vitreous inflammation or vitreous
suppuration, were conducted with antibiotic anterior
chamber lavage combined with vitreous surgery.

Statistical Analysis
All statistical analyses were performed using SPSS 22.0
statistical software (SPSS, Inc., Chicago, IL). The incidence
and related factors of endophthalmitis were analyzed by
univariate analysis (chi-square test or Fisher exact probabil
ity test, P < 0.05 indicated statistical significance) and
multivariate analysis (logistic regression analysis).
Besides, the measurement data (age and visual acuity)
were expressed as mean ± standard deviation. P < 0.05
was used as the standard of statistical difference.

Results
A total of 55,612 cases of cataract extraction combined
with intraocular lens implantation were performed in our
hospital in the past 12 years, including 22,679 males and
32,933 females, and aged from 20 to 102. In addition,
there were 18,147 elderly patients over 75 years old,
10,306 patients with diabetes and 371 patients with
unplanned posterior capsule rupture during the operation.
Changes in the amount of cataract surgery and the inci
dence of postoperative endophthalmitis: 42 had acute infec
tive endophthalmitis (0.076%) among the 55,612 patients
undergoing cataract surgery, including 15 males and 27
females, aged from 27 to 85 years, and with an average
age of 64.3 ± 9.04 years. The distribution of endophthalmitis
in different months was shown in Figure 1. The cases of
cataract surgery in the past 12 years were divided into three
stages according to the year. As a result, it showed that the
amount of cataract extraction combined with intraocular lens
implantation in our hospital increased year by year from
January 1, 2008, to December 31, 2019. In addition, the
incidence of infectious endophthalmitis after cataract sur
gery decreased. The changing trend is shown in Figure 2.

Analysis of Factors Related to
Endophthalmitis
Statistics and correlation analysis on the factors such as sex,
age, history of diabetes, operative complications, use of
antibiotics in surgical perfusion solution and behind-thelens washout and so on were conducted. As a result, it
showed that the incidence of intraoperative posterior capsule
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Table 1 Univariate Analysis of Patients with Endophthalmitis
After Cataract Surgery
Number of

Incidence

Endophthalmitis/
Number of

Rate

P value*

Cataract
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Surgery
Year
2008–2011
2012–2015

18/7651
15/13,409

0.24%
0.11%

2016–2019

9/34,552

0.026%

15/22,679
27/32,933

0.066%
0.081%

0.532

≤44
45–59
60–74

3/1561
8/7891
24/28,013

0.192%
0.101%
0.085%

0.067

≥75

7/18,147

0.038%

8/10,306
34/45,306

0.078%
0.075%

0.845

2/371
40/55,241

0.539%
0.072%

0.032

4/28,171
38/27,441

0.014%
0.138%

0.000

9/34,552
33/21,060

0.026%
0.157%

0.000

Gender
Male
Female
Figure 1 Annual distribution of endophthalmitis after cataract surgery.

Age (years)

Diabetes
Y
N
Rupture of
posterior capsule
Y
N
Antibiotic
Y
N
Figure 2 Trend chart of cataract surgery volume and incidence of postoperative
infectious endophthalmitis in our hospital in recent 12 years.

Behind-the-lens
washout
Y
N

rupture showed a downward trend (2008–2011, 131/7651,
1.71%; 2012–2015, 203/13409, 1.51%; 2016–2019, 37/
34552, 0.11%). The incidence of infective endophthalmitis
was negatively correlated with the integrity of posterior
capsule (P < 0.05). The intraoperative use of antibiotics and
behind-the-lens washout were closely related to the occur
rence of postoperative endophthalmitis (P < 0.05). However,
there was no significant difference in sex, age and history of
diabetes (P > 0.05) (Table 1).
Multivariate logistic regression analysis was used to
analyze the related factors of endophthalmitis. As
a result, the protective factors were age, year of operation,
use of antibiotics (0 < OR < 1), and the risk factor was
posterior capsule rupture (OR > 1). In the cases, we found
that posterior capsule rupture was the main risk factor for
endophthalmitis after cataract surgery, and intraoperative

Infection and Drug Resistance 2021:14

Notes: *Chi-square test was used for the factors of operation year and age, and
Fisher test was used for sex, diabetes, rupture of posterior capsule, antibiotics and
behind-the-lens washout factors.
Abbreviations: Y, yes; N, no.

use of antibiotics could prevent the occurrence of
endophthalmitis. There was a certain correlation between
the occurrence of endophthalmitis and the age of opera
tion. In addition, the incidence of endophthalmitis was
higher in young patients, and higher in young people
than in the elderly (Table 1, Table 2).
The time of endophthalmitis after cataract surgery was
1–40 days, with an average of 10.57 days ± 11.17.
According to the clinical manifestations of infective
endophthalmitis, visual acuity decreased significantly in
16 patients (38.1%) and eye pain in 25 patients (59.5%).
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Table 2 Multivariate Logistic Regression
Endophthalmitis After Cataract Surgery
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Factors

Analysis

of

Table 3 Results of Laboratory Bacterial Cultures of 42 Cases
Intraocular Specimens of Endophthalmitis

OR

95% C.I.

P value*

Species

No.

%

Rupture of posterior capsule

3.861

0.922–16.162

0.064

Negative

17

63.0

Age

0.696

0.487–0.997

0.048

Coagulase-negative Staphylococci

1

3.7

Year
Antibiotics

0.521
0.316

0.318–0.853
0.100–1.004

0.010
0.051

Staphylococcus aureus
Enterococci

2
1

7.4
3.7

Pseudomonas species

1

3.7

Streptococcus
Other gram-positive bacteria

2
2

7.4
7.4

Other gram-negative bacteria
Total

1
27

3.7
100

Note: *Multivariate logistic regression analysis used for the factors of rupture of
posterior capsule, age, year and antibiotics.

Slit-lamp examination found 31 patients (73.8%) with
fibrin exudation of anterior chamber and 8 patients
(19.0%) with hypopyon. In addition, inflammatory cells
were found in the vitreous cavity of 18 patients (42.9%) by
fundus examination (Figure 3).
Among the 42 patients, 3 patients did not undergo labora
tory examination because they had been treated with antibiotic
via conjunctival sac, and the other 39 patients were examined
by conjunctival sac or intraocular specimens. As a result, the
results of anterior chamber fluid or vitreous fluid culture were
positive in 10 patients, and negative in other cases. In addition,
bacterial culture of conjunctival sac was performed in 31
patients with endophthalmitis, 12 of them (38.7%) were posi
tive, 8 cases (8/12, 66.7%) were Staphylococcus epidermidis,
and others including 1 case of Acinetobacter baumannii, 1
case of Staphylococcus intermedia, 1 case of Staphylococcus
aureus and 1 case of Staphylococcus haemolyticus. C-reactive
protein test was performed in 23 patients (23/42,54.8%), and
there was no significant increase (Table 3).

Treatment and Prognosis
According to the phased treatment plan, 15 cases (35.7%)
were treated with eye drops and systemic antibiotics, and
21 cases (50%) were treated with antibiotics combined
with anterior chamber lavage or vitreous injection of
antibiotics. Vitrectomy combined with other methods
was performed in six cases (14.3%), of which two cases
were treated with multiple anterior chamber lavage com
bined with vitreous cavity injection to treat intraocular
inflammation without effective control. And we con
ducted vitrectomy combined with intraocular lens extrac
tion (one case of anterior aqueous humor culture was
aseptic, conjunctival sac culture was Staphylococcus epi
dermidis, one case of anterior chamber fluid and vitreous
fluid culture was Enterococcus faecalis).
The visual acuity was counted by logMAR. The average
visual acuity of endophthalmitis was 0.848 ± 0.601 at the time
of endophthalmitis and 0.469 ± 0.325 after treatment. Except
for patients with endophthalmitis after vitrectomy combined
with intraocular lens extraction and without secondary intrao
cular lens suspension, the visual acuity of other patients after
treatment was significantly higher than that of endophthalmitis
(P < 0.05). All patients had no serious complications such as
eyeball enucleation, retinal detachment, corneal endothelial
decompensation and secondary glaucoma.

Discussion

Figure 3 Clinical manifestations of endophthalmitis: a report of 42 cases.
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As one of the most intractable complications for cataract doc
tors, Infectious endophthalmitis after cataract extraction is
extremely destructive to vision. In recent years, the incidence
of endophthalmitis after cataract surgery in our hospital has
changed As a consequence, we collected 55,612 cases of catar
act extraction combined with intraocular lens implantation in
our hospital in the past 12 years for retrospective analysis.
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The results showed that the incidence of endophthal
mitis after cataract surgery in Qingdao Eye Hospital
from 2008 to 2019 was 0.076%, which was similar to
the Chinese national-wide incidence of endophthalmitis
in 2017.6 The duration of the 12 years was divided into
three stages to analyze the changes of its incidence and
found the incidence of endophthalmitis in 2008–2011
was 0.24%, 0.11% in 2012–2015, and 0.026% in
2016–2019. The incidence of endophthalmitis decreased
significantly in the three periods of the 12 years, and it
was significantly lower than 0.033% reported by large
ophthalmology institutions in China in the past 3 years.
It was similar to the results of Oh et.al7 about big data
of cataract surgery in South Korea from 2002 to 2013.
Studies8,9 showed that eye pain and hypopyon occur
in 75% of the clinical manifestations of endophthalmitis
after cataract surgery, which was different from our
clinical findings. In this study that the proportion of
fibrin exudation of anterior chamber under slit lamp
was 73.8%, which was the main clinical manifestation
of endophthalmitis in our hospital. It was considered that
it was related to different infection flora, followed by eye
pain (59.5%). Only 19.0% of the cases showed hypop
yon visible to the naked eye, but the presence of pus
cells visible under microscope could not be ruled out. In
two of the cases, purulent cells could be seen in the
smears of the anterior chamber when the anterior cham
ber hypopyon was not seen with the slit lamp. In addi
tion, the statistical results of 12 years in our hospital
showed that the median time of occurrence and diagnosis
of endophthalmitis after cataract surgery was 8 days,
which was consistent with the results reported in the
literature from 6 to 10 days after operation.2,10,11
Previous studies12 have shown that endophthalmitis
after cataract surgery is mostly caused by normal ocular
surface flora. Staphylococcus epidermidis is the normal
flora of human skin, ocular surface and respiratory tract,
which can cause infection of related parts under specific
conditions, which was also consistent with the distribution
characteristics of conjunctival sac pathogens in China.13 In
this study, Staphylococcus epidermidis was the main
pathogen in conjunctival culture of endophthalmitis
patients (10/31). The positive rate of bacterial culture in
aqueous humor and vitreous was 37% (10/27), which was
similar to that of Yao et al.1 We found that bacteria were
dispersed culture of 27 patients with endophthalmitis.
In this study, the rupture of posterior capsule, the use of
antibiotics during operation and behind-the-lens washout
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were related to the occurrence of endophthalmitis after
cataract surgery according to the statistical comparative
study of various factors (P=0.032, P=0.000, P=0.000).
The rupture of lens posterior capsule is an important
factor in endophthalmitis after cataract surgery. Moshirfar
et al14 believed that rupture of the posterior capsule of the
lens can lead to endophthalmitis in 0.07% of cases with no
significant risk. In this study, the incidence of posterior
capsule rupture was 0.667% (371/55,612), which was
4.761% (2/42) in endophthalmitis patients, and multivariate
analysis showed that posterior capsule rupture was the main
risk factor for endophthalmitis. With the modernization of
ophthalmic instruments and the proficiency of minimally
invasive surgery techniques of ophthalmic surgeons, the
incidence of posterior capsule rupture in cataract surgery is
decreasing year by year. However, it is still one of the main
factors of endophthalmitis after cataract surgery.15–17 The
intact posterior capsule is the anatomical barrier for micro
organisms to enter the vitreous cavity, and the vitreous cavity
is more vulnerable to bacteria than the anterior chamber. In
addition, the treatment of complications will prolong the
operation time such as vitreous prolapse and increase the
risk of infectious endophthalmitis significantly.18
In recent years, cefuroxime sodium is used for patients
without cephalosporin allergy in order to prevent
endophthalmitis in cataract surgery of our hospital19 and
the effect is remarkable. The European Association of
Cataract and Refractive Surgeons (ESCR) study9 showed
the incidence of endophthalmitis decreased by fivefold
during cataract surgery using cefuroxime, while the latest
study in 201520 found that it could be reduced from
0.179% to 0.067%. Intraoperative use of cefuroxime
sodium can significantly reduce the infection rate of
endophthalmitis dominated by gram-positive bacteria, but
there is no difference on Gram-negative bacteria, which
may be related to the weak effect of cefuroxime on Gramnegative bacteria.21 At present, the use of intraoperative
antibiotics is still controversial.22–25 There are significant
differences in the use of prophylactic antibiotics in cataract
surgery in different countries due to the risks, such as
wrong drug concentration, toxic and allergic reactions,
and the lack of available, reasonable, safe and effective
antibiotics in the market. Many studies26,27 have shown
the effectiveness of cleaning conjunctival sac with povi
done–iodine in the prevention of endophthalmitis, even in
the replacement of antibiotics.7,28,29 All cataract patients in
our hospital were disinfected with povidone–iodine
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conjunctival sac before operation during the period of this
study. As a consequence, there was no correlation analysis
in this study.
In this study, univariate analysis showed that behindthe-lens washout during cataract surgery had a significant
effect on inhibiting the incidence of postoperative prevent
ing endophthalmitis, which was consistent with the view
of Oshika et al.30 In cataract extraction, it is necessary to
remove the ophthalmic viscoelastic agent to prevent high
intraocular pressure, but behind-the-lens washout can
more sufficient to clean the surface of IOL, because
studies7,9,31–33 showed bacteria could adhere to the surface
of ophthalmic instruments and IOL, increasing the risk of
endophthalmitis, especially hydrophobic IOL.
In addition, studies34,35 showed that advanced age, his
tory of diabetes and seasonal factors were also important risk
factors of endophthalmitis after cataract surgery. The uni
variate analysis of the history of advanced age and diabetes
mellitus in our study showed that it had no effect on the
incidence of endophthalmitis (P=0.067, P=0.845). However,
the multifactor study found that the incidence of endophthal
mitis in young patients after cataract surgery in our hospital
was higher than that in elderly patients, which was related to
the better compliance of elderly patients with postoperative
medication. It could not be ruled out that as a tertiary ophthal
mological hospital the patients having fewer basic diseases
and better blood glucose control in elderly patients.
Some scholars believe that season13,36,37 and humidity and
temperature38 have an effect on the incidence of endophthal
mitis after cataract surgery. The incidence of endophthalmitis
in summer is higher than that in other seasons, and the inci
dence of endophthalmitis is high in hot and humid months.
The incidence curve of endophthalmitis in different months in
our study showed that the incidence of endophthalmitis was
the highest in May and June. In addition, there was no abnorm
ality in the detection of C-reactive protein in 23 patients with
infective endophthalmitis in our hospital. Previous studies
showed serological laboratory antibody detection cannot
fully reflect intraocular infection.39 In patients with endogen
ous infective endophthalmitis, C-reactive protein increased
significantly,40 but for less virulent pathogens, the increase of
c-reactive protein was not significant.41
Although there are still potential confounding factors in the
factors related to endophthalmitis, we believe that our data are
reliable. In the 12 years involved in this study, the surgeons and
operation environment were relatively stable, although the
proportion of surgeons’ operation volume changed; there was
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no significant technological change in cataract surgery, and
behind-the-lens washout was the only technology adopted
since 2016. In addition, from June 2018, the type of antibiotic
eye drops was changed from 0.5% levofloxacin to 0.3% gati
floxacin according to the drug sensitivity test results of con
junctival sac bacteria. The impact of this change remains to be
determined, but it was not included in the study due to the short
time.
At present, the incidence of infective endophthalmitis
after cataract extraction combined with intraocular lens
implantation has been significantly reduced, but it is still
one of the serious complications. In a word, reducing the
probability of lens posterior capsule rupture, behind-the-lens
washout and prophylactic use of antibiotics can effectively
reduce the incidence of endophthalmitis after cataract extrac
tion combined with intraocular lens implantation.
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