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Objective: To investigate the incidence of acute postoperative endophthalmitis (POE) after cataract surgery in Northern China from
2013 to 2019, evaluate the efficacy of prophylaxis and analyze the predictors of visual prognosis among POE patients.

Methods: The study was conducted as a retrospective multi-center research, with seven hospitals in Northern China enrolled. The
diagnosis of acute-onset POE was made on the basis of clinical manifestations within six weeks after initial surgery. By reviewing
electronic medical system, the number of cataract surgeries and acute POE cases were recorded to estimate the overall incidence and
incidences by different years and hospitals. Perioperative measures for preventing infection in different hospitals were collected. The
correlations between unfavorable final vision and potential factors including basic information and clinical characteristics were
examined to determine the predictive factors for final visual prognosis.

Results: Of 72,255 cataract surgeries performed during seven years in the seven hospitals, 19 cases developed acute POE, yielding an overall
incidence of 0.026%. The average incidence of acute POE among seven hospitals significantly declined annually during the past 7 years (p =
0.021). In Hospital-D, the incidence of acute POE significantly decreased after the application of 0.5% povidone-iodine (PVP-I) for conjunctival
washing (p = 0.003). Two hospitals adopting tobramycin in the irrigation solution achieved a significant lower incidence of POE than the other
hospitals (p = 0.044). The positive rate of pathogen culture was just 17.6% (3/19). Patients with presenting BCVA of CF or better were more
likely to present with unfavorable final vision than those with worse presenting BCVA (p = 0.003).

Conclusion: The overall incidence of acute POE after cataract surgery from 2013 to 2019 in Northern China was 0.026%, and the
incidence declined annually over the period. Presenting BCVA could be a significant prognosis factor for predicting the final visual
outcomes of acute POE patients.
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Introduction
Cataract is globally considered as the most prevalent cause of visual impairment,' and cataract surgery with an intraocular

lens® implantation has become a very commonly performed ophthalmic surgical procedure in the world.> In China, the
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largest developing country with nearly 1.4 billion people, cataract surgical rate has increased to 2662 cases per one million
per year by 2020 (statistics reported by the Ministry of Health of PR China (http://www.moheyes.com)).* Therefore, it is of

much significance to avoid the occurrence of operation complications. Currently, with more mature surgical technique,
complications of cataract surgery have been relatively rare. However, postoperative endophthalmitis (POE), which is
caused by postoperative infection, remains a devastating complication with severe vision loss and extremely poor visual
prognosis. According to previous studies,”® nearly half of POE patients achieved best corrected visual acuity (BCVA)
worse than 20/400 at the final follow-up visit, and a few patients eventually developed blindness. Moreover, some patients
had to receive eyeball enucleation in order to prevent intraorbital and intracranial infection.” Consequently, POE is regarded
as the most horrible nightmare for cataract surgeons.

Due to the rarity and severity of POE, it is essential for surgeons to figure out the incidence of POE after cataract
surgery in their own regions, thereby being sensitive and keeping alerting to the occurrence of POE. On the basis of
recent large-scale studies, incidence of POE after cataract surgery ranged from 0.03% to 0.15% worldwide.®®"!
However, most of these investigations were conducted in developed countries. Based on a literature review by Sheng
et al, several small-scale and single-center studies investigated the incidence of POE after cataract surgery in China from
1995 to 2009, yielding different incidences varying from 0.02% to 0.4%.'* Nevertheless, in the past ten years, Chinese
health care has been rapidly developed, operation method and incision type of cataract surgery has been greatly changed,
which all could exert huge impacts on the incidence of POE. On the one hand, povidone iodine (PVP-I), a broad-
spectrum antiseptic compound, has been preoperatively applied widespread in cataract surgery,'® and the choice of
perioperative prophylactic antibiotics has been enriched, which might reduce the risk of POE. On the other hand, the
wide use of clear corneal incisions and sutureless technique may contribute to the instability of the incision and increase
the risk of POE."*'® With millions of cataract surgeries performed in China every year, even a small change in the
incidence of POE could have significant impacts on a population basis. Taking these into consideration, it is also
necessary to update our insight into the occurrence of POE after cataract surgery in recent China.

Therefore, we conducted this large-scale multicenter research with seven hospitals enrolled, to determine the
incidence of acute POE after cataract surgery from January 1, 2013 to December 31, 2019 in Northern China.
Additionally, our research also aimed to explore the effectiveness of perioperative measures for infection prevention
and evaluate the potential prediction factors for final visual prognosis.

Methods
Study Population and Data Collection

The study was designed as a retrospective multi-center research. It was approved by Peking University Third Hospital
Medical Science Research Ethics Committee and conformed to the tenets of the Declaration of Helsinki. Seven hospitals
from five different regions in Northern China (Beijing, Xingtai, Baotou, Cangzhou and Zhuozhou) were enrolled,
including the Peking University Third Hospital (Hospital-A), the Hebei Provincial Eye Hospital (Hospital-B), the
Inner Mongolia Baogang Hospital (Hospital-C), the Huabei Petroleum General Hospital (Hospital-D), the Baoding
Zhuozhou GEM Flower Hospital (Hospital-E), the First Affiliated Hospital of Baotou Medical College (Hospital-F) and
the Baoding GEM Flower Eastern Hospital (Hospital-G). The number of cataract surgeries and patients who were
diagnosed with acute POE within six weeks after cataract surgery between January 1, 2013 and December 31, 2019 were
recorded by reviewing the electronic medical records in the seven hospitals. Meanwhile, demographic information,
clinical characteristics and follow-up results of acute POE patients were also collected for further analysis.

Cataract surgery in our research included phacoemulsification (PHACO) and extracapsular cataract extraction
(ECCE) with IOL implantation. Patients who underwent combined surgical procedures, such as cataract surgery
combined with penetrating keratoplasty, trabeculectomy or vitrectomy were excluded, for the incidence of endophthal-
mitis after these combined procedures was proven to be higher.®'" The diagnosis of acute-onset postoperative
endophthalmitis was mainly made on the basis of clinical manifestations, including worsening visual acuity, complaint
of ocular pain and signs of intraocular inflammation (kerato-precipitates, anterior chamber fibrin exudation or hypopyon)
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within six weeks after initial surgery. The diagnosis in all cases was determined by two or more experienced doctors.
Patients with suspected endogenous endophthalmitis or traumatic endophthalmitis were excluded from our study.

The treatments in our study largely followed the Endophthalmitis Vitrectomy Study (EVS) guidelines,” which
provided optimal management for POE. All POE patients received intravitreal injection of vancomycin or vancomycin
combined ceftazidime as the main initial treatment. According to the EVS guidelines, pars plana vitrectomy (PPV) was
not routinely required and mainly recommended to be performed in the cases with VA of light perception. However,
patients with VA of hand motions or better might also undergo PPV if intraocular inflammation was proven persistent and
VA worsened dramatically. During the course of management, vitreous humor or aqueous fluid samples were obtained by
needle aspiration or vitrectomy, and then microbiologically cultivated to identify the specific pathogen. Samples were
cultured in blood agar, chocolate agar or thioglycolate broth, which were all incubated at 37°C for bacterial growth and
anaerobic condition for anaerobe culture. Room-temperature cultures on Sabouraud agar without cycloheximide were
used to grow fungi. A positive culture was defined as growth of an organism on two or more media, or confluent growth
on any solid medium. For the assessment of infection prophylaxis, detailed pre-, intra- and post-operative measures for
preventing infection in seven hospitals were collected for analysis.

In summary, the data collected from patients with acute-onset endophthalmitis after cataract surgery included: demo-
graphic characteristics (age, gender, systemic disease), the information about initial operation (hospital, type and incision of
cataract surgery, intraoperative complications), postoperative endophthalmitis (onset date of endophthalmitis, time interval
from initial surgery to onset, BCVA on presentation, management, microculture results) and follow-up data (final BCVA,
follow-up time). Two reviewers (JXD and WY) independently scanned the electronic medical information and collected the
records of each acute POE patient. To ensure the accuracy of the data, the third reviewer (YH) subsequently checked the
information and solved the disagreements through discussion.

Statistical Analysis

SPSS statistics software version 25 (SPSS, Inc., Chicago, IL, USA) was used for data analysis. The overall incidence of
acute-onset endophthalmitis after cataract surgery in seven centers was calculated with its 95% confidence intervals
(CIs), as well as the incidences among different years and centers. Chi-square test and Fisher’s exact test were performed
to compare the incidences among groups. The Mantel-Haenszel test was applied to examine the changing trend of annual
incidences. The demographic information, clinical characteristics and final VA outcomes of POE patients were tabulated
and descriptively analyzed.'> According to the standards for characterization of vision loss updated by WHO (World
Health Organization) in 2003, we set criteria that the unfavorable vision was considered as final BCVA was less than 20/
400 in POE cases. Fisher's exact test was applied to determine the potential predictive factor for the prognosis of visual
acuity. A p value less than 0.05 was considered statistically significant.

Results

Incidences of Endophthalmitis

From January 1, 2013 to December 31, 2019, a total of 72,255 cataract surgeries with IOL implantation were performed in the
seven hospitals. The average cataract operation volume was 10,322 per year. During the seven-year period, 19 eyes of 19 patients
developed acute POE within six weeks after initial surgery. Hence, in our research, the overall incidence of acute endophthalmitis
after cataract surgeries from 2013 to 2019 in Northern China was 0.026% (19/72,255, 95% CI 0.015% to 0.038%).

The annual number of cataract surgeries and occurrence rate of postoperative endophthalmitis are presented in Table 1
and Figure 1. Taken together, the number of cataract surgeries in the seven hospitals raised year by year. However, the
annual incidence of acute POE showed markedly declining tendency over the period (p=0-021 for Mantel-Haenszel test),
from 0.056% (4/7207, 95% CI 0.001% to 0.110%) in 2013 to 0.007% (1/13,844, 95% CI 0 to 0.021%) in 2019.

The incidence of POE in each hospital is also demonstrated in Table 1. Among the seven hospitals, Hospital-F presented
with the highest incidence with a proportion of 0.196% (5/2555, 95% CI 0.024% to 0.367%). Apart from Hospital-F, the
incidences in all the other six hospitals were within 0.04 per 100 cataract surgeries. Particularly, there were no reported
postoperative endophthalmitis cases among 454 procedures in Hospital-E and 371 procedures in Hospital-G.
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Table | Incidence of Acute POE Among Different Years and Hospitals

No. of Cataract No. of Incidence of
Surgeries (n) Endophthalmitis (n) | Endophthalmitis (95% Cls)
Year
2013 7207 4 0.056% (0.001%, 0.110%)
2014 8255 3 0.036% (0, 0.078%)
2015 8925 3 0.034% (0, 0.072%)
2016 10,684 4 0.037% (0.001%, 0.074%)
2017 11,602 2 0.017% (0, 0.041%)
2018 11,738 2 0.017% (0, 0.041%)
2019 13,844 | 0.007% (0, 0.021%)
Mantel-Haenszel test:
p=0.021%
Hospital
A 31951 8 0.025% (0.008%, 0.042%)
B 31335 4 0.013% (0, 0.025%)
C 2799 | 0.036% (0, 0.106%)
D 2790 | 0.036% (0, 0.106%)
E 454 0 0
F 2555 5 0.196% (0.024%, 0.367%)
G 371 0 0
Total 72,255 19 0.026% (0.015%, 0.038%)

Note: *Represents the p value for Mantel-Haenszel test was less than 0.05, which suggests the annual incidence of acute POE
after cataract surgery changed over years.
Abbreviations: POE, postoperative endophthalmitis; Cl, confidence interval.

Perioperative Infection Prophylaxis
The detailed information of perioperative infection prophylaxis is shown in Table 2. To prevent the occurrence of
infection, pre- and post-operational topical antibiotics (levofloxacin, gatifloxacin or tobramycin), and intraoperative

ophthalmic ointment containing tobramycin and dexamethasone were routinely applied in seven hospitals. Different

p=0.003% | p=0.29
0.81)------ a.

. Overall

Hospital-A
Hospital-B
Hospital-C
+ Hospital-D
- Hospital-E
- Hospital-F
- Hospital-G

Incidence of POE

2013 2014 2015 2016 2017 2018 2019
Year

Figure | The trends of the incidence of acute POE (postoperative endophthalmitis) over years among different hospitals. The black arrow: time point when 5% PVP-I
(povidone-iodine) started to be used in Hospital-A. The gray arrow: time point when 0.5% PVP-| started to be used in Hospital-F. “3¢” represents the p value for comparing
the incidences of POE before and after the usage of PVP-I was less than 0.05, which suggests the incidence of postoperative endophthalmitis significantly decreased in
Hospital-F after the application of 0.5% PVP-I.
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Table 2 Perioperative Infection Prophylaxis in Each of Hospitals

Hospital-A Hospital-B Hospital-C Hospital-D Hospital-E Hospital-F Hospital-G
Pre-operative Topical 0.5% LVX 0.5% LVX 0.3% GAT 0.5% LVX 0.3%TOB 0.5% LVX 0.5% LVX
antibiotics
Conjunctiva sac 5% PVP-1 (2017-2019) 5% PVP-I 0.5%PVP-I 0.5%PVP-I 0.5% PVP-I 0.5% PVP-I (2016-2019) 0.1%PVP-I
washing TOB (2mg/100mL) (2013-2016) TOB (2mg/100mL) (2013-2015)
Intra-operative Antibiotics in — TOB 4mg/ — — TOB 8mg/ — —
irrigation 1000mL* 1000mL*
solutions
Intracameral — — — — — — —
antibiotics
Subconjunctival — — — — — — —
antibiotics
Ophthalmic 0.3%TOB+ 0.3%TOB+ 0.3%TOB+ 0.3%TOB+ 0.3%TOB+ 0.3%TOB+ 0.3%TOB+
ointment 0.1%DEX 0.1%DEX 0.1%DEX 0.1%DEX 0.1%DEX 0.1%DEX 0.1%DEX
Post-operative Topical 0.5% LVX 0.5% LvX 0.3%GAT 0.3%TOB 0.3%TOB 0.5% LvX 0.3%TOB
antibiotics
Incidence of acute POE 0.025% 0.013% 0.036% 0.036% 0 0.196% 0

Note: *Represents that Hospital-B and E adopted tobramycin in the irrigation solution and achieved a significant lower incidence than the other hospitals where no antibiotics were administrated in the irrigation solution (p = 0.044).
Abbreviations: LVX, levofloxacin; TOB, tobramycin; DEX, dexamethasone; GAT, gatifloxacin; PVP-I, povidone-iodine; POE, postoperative endophthalmitis.
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concentrations of PVP-I were applied for conjunctival washing in all the centers, and especially, two centers (Hospital-A
and F) brought PVP-I into use just during our investigation period (Hospital-A in January 1, 2017 and Hospital-F in
January 1, 2016). For this reason, we compared the incidences of POE before and after the usage of PVP-I in the two
hospitals, intending to evaluate the preventive effectiveness of PVP-I on the occurrence of endophthalmitis by before-
after self-control methods. Our results revealed that the incidence of POE significantly decreased in Hospital-F (0.6435%
vs 0; p=0.003) after the application of 0.5% PVP-I, while no remarkable difference was observed since 5% PVP-I was
applied in Hospital-A (0.0364% vs 0.0129%; p=0.29). In addition, only two hospitals added antibiotics in the irrigation
solution: 4mg/1000mL tobramycin was used in Hospital-B and 8mg/1000mL tobramycin was used in Hospital-E.
Interestingly, they presented with a significant lower incidence than the other hospitals where no antibiotics were
administrated in the irrigation solution (0.0126% vs 0.0371%; p=0.044).

Clinical Characteristics and Visual Outcome

There were totally 19 eyes of 19 patients from five hospitals developed postoperative endophthalmitis in the seven years.
Their demographic characteristics and information about initial operation were shown in Supplementary material
(eTable 1). The mean age of endophthalmitis patients was 69.4 years (median 71, range 26—83). There were ten males
(52.6%) and nine right eyes (47.4%). Sixteen patients (84.2%) reported the history of systemic disorders, and ten of them
(52.6%) suffered diabetes mellitus. Phacoemulsification was performed in 18 cases (94.7%) and ECCE was underwent in
only one case (5.3%). The operative incisions included eleven clear cornea incisions (57.9%), seven limbus tunnel
incisions (36.8%) and one scleral tunnel incision (5.3%). Intraoperative complication was observed in only one case
(5.3%) with the rupture of posterior capsule.

Clinical features, management, culture results and visual outcomes were shown in Supplementary material (eTable 2).
The average time interval from initial surgery to endophthalmitis was 5.4 days (median 4, range 1-20), with 16 patients
(84.2%) diagnosed within one week after the operation. At the onset of endophthalmitis, the best BCVA presented was
20/70 and only four patients (21.1%) achieved BCVA better than CF. For the management, intravitreal and intravenous
antibiotics were applied in all patients, including vancomycin only in 12 patients (63.2%) and vancomycin combined
ceftazidime in seven patients (36.8%). PPV was performed in ten patients (52.6%). Intraocular specimens were collected
from 17 patients (89.5%), of which 15 were sampled from aqueous humor and nine were sampled from vitreous fluid.
However, with only three culture-positive cases, the positive rate of pathogen culture was just 17.6% in our study.
Staphylococcus hominis was isolated in two cases and Streptococcus was cultured in one case.

After the exclusion of four patients who were lost to follow up, final BCVA was obtained from the remaining 15
patients and the average follow-up time was 4.3 months (median 1, range 1-22). To explore the predictors of final visual
outcome, final BCVA were calculated and compared based on each potential prognostic factor in Table 3, including sex,
age, diabetes mellitus, time to onset of endophthalmitis, presenting BCVA, antibiotics, PPV and culture results. Only
presenting BVCA was found to be significantly associated with the final BCVA. Patients with presenting BCVA of CF or
better were less likely to present with unfavorable final vision than those with presenting BCVA of HM or worse
(p=0.046).

Discussion

As the first large-scale multicenter survey on the incidence and clinical characteristics of acute POE after cataract surgery in
Northern China, our research identified four key findings. Firstly, with 72,255 cataract surgical procedures performed in 7
hospitals between 2013 and 2019, the overall incidence of acute POE after cataract surgery in our investigation was 0.026%.
Secondly, the average incidence of acute POE after cataract operation markedly decreased annually during this 7-year
period, from 0.056% in 2013 to 0.007% in 2019. Thirdly, final visual outcomes of acute POE patients were generally poor,
and presenting BCVA of CF or better could be a potential prognosis factor for predicting the final visual acuity. Moreover,
under the pandemic of COVID-19, many experts have proposed the possible change in the incidence of acute POE after
cataract surgery.'’ The alterations in expiratory airflow and possibly bacterial dispersion with patient mask use during
operation might increase the risk of POE, but on the opposite, additional infectious control precautions such as room
sterilization, air filtration and more strict observance to sterile technique could avoid the occurrence of POE.!” Our results
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Table 3 Analysis of Potential Prognostic Factors for Final Visual Outcome in POE Patients

Predictors Number of Cases Unfavorable Vision p-value
(n) (n)
Sex Male 9 5 0.838
Female 6 3
Age <70 years 8 6 0.082
>70 years 7 2
DM With DM 8 5 0.462
Without DM 7 3
Time to onset <7 days 12 7 0.453
>7 days 3 I
Presenting CF or better 3 0 0.046*
BCVA HM or worse 12 8
Antibiotics Combined antibiotics (V+C) 7 4 0.789
Single antibiotics (V) 8 4
PPV PPV performed 6 4 0414
No PPV 9 4
Culture Positive 3 2 0.626
Negative 10 5

Note: *Represents the p value for analysis of prognostic factors was less than 0.05, suggests that patients with presenting BCVA of CF
or better were less likely to present with unfavorable final vision than those with presenting BCVA of HM or worse.

Abbreviations: POE, postoperative endophthalmitis; DM, diabetes mellitus; BCVA, best corrected visual acuity; CF, counting fingers;
HM, hand motions; V, vancomycin; C, ceftazidime; PPV, pars plana vitrectomy.

provided the incidence and clinical features of POE patients before the pandemic, which could be used to compare with
those after COVID-19 outbreak.

As summarized in Supplementary material (eTable 3), several previous studies have investigated the incidence of
acute POE after cataract surgery in different regions of China, ranging from 0.01% to 0.15%,>'*'® 2! and our incidence
was just within this range. However, the incidences in these studies differed obviously, which might be attributed to the
varied studied regions. Lin et al.’ Sun et al*> and Wu et al'® explored the incidence of POE after cataract surgery in a
single eye center, while Lin et al and Sun et al concluded much lower incidences with higher annual mean surgery
volume than Wu et al. One possible explanation is that higher surgical volume generally represents higher-level hospitals
with advanced equipment, well-trained surgeons, and standard infection prophylaxis, which could thus avoid the
occurrence of postoperative infection.”! The explanation was also verified in two previous multicenter studies by Yao
et al'® and Zhu et al.>' With only eight top eye centers in China enrolled, the occurrence rate of POE in Yao’s study was
far lower than Zhu’s study that only sampled 30 small-scale departments of ophthalmology whose cataract surgery
volume was under 100 cases per month. However, in our research, two small-scale hospitals (Hospital-E and G) whose
cataract surgery volume was less than 100 cases per year did not show higher risk of POE, and even no cases of POE
were reported. The conflict might be due to the instability caused by small sample size in the two small eye centers and
higher rate of missed diagnosis led by low postoperative follow-up rate in small-scale hospitals. Therefore, on account of
the potential higher risk of POE in small hospitals, much more effort should be made to improve the sanitary conditions
and prophylaxis standards in these small eye centers which actually represented the general medical treatment level in the
majority regions of China. On the other hand, we could conclude that the incidence of POE differed widely due to the
geographic variations, and thereby it is necessary to investigate the specific incidence in different regions. Taking this
into consideration, our study firstly revealed the incidence of acute post-cataract surgery endophthalmitis in Northern
China, and found it was moderate when compared with previous studies in China. This result was of great benefit for
ophthalmologists in Northern China to figure out the status of POE in their own region and thus be sensitive enough to
POE after cataract surgery.

Additionally, another major finding of our study was the growing number of cataract surgery and the decreasing
incidence of acute POE after cataract surgery in recent Northern China. With fast aging process of population and
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extensive development of surgical technique, there is no doubt that a continual increasing trend could be observed on the
number of cataract surgery. However, it has always been debated that how the occurrence rate of acute POE after cataract
surgery changed in the last few years. To answer this controversial question, we revealed that the incidence of acute POE
after cataract operation actually decreased annually during this 7-year period in Northern China, from 0.056% in 2013 to
0.007% in 2019. The majority of studies in other regions yielded similar conclusions.>'" Although most of recent studies
showed a falling trend of the incidence of POE after cataract surgery, cataract surgeons have to bear in mind that the
occurrence of POE is actually under combination action of multiple factors which often differ among regions, and we
suggest that it is essential to investigate the trend of incidence in specific regions.

Effective perioperative measures for preventing infection play a key part in avoiding the occurrence of POE. Among all the

2324 and there has already been global

anti-infection practice, povidone-iodine is the only one recommended by level I evidence,
general consensus to use PVP-I preoperatively for preventing POE. In our study, 2 hospitals coincidentally started to apply PVP-1
for conjunctival washing in place of BBS during the period of research, providing us the opportunity to evaluate the effectiveness
of PVP-1 by before-after self-control methods. In Hospital-F, a dramatic decline of incidence was observed after the application of
0.5% PVP-I since 2015. Without strict controlling of confounding factors, we cannot rule out the possibility that the decline was
actually a result of multiple associated factors instead of PVP-I only, including operation methods, incision type and surgical
technique. However, considering such a dramatical decrease of the incidence after PVP-I application (from 0.64% in 20132015
to 0 in 2016-2019), we still believed that the more effective preoperative disinfection from 0.5% PVP-I application was the
leading cause. Interestingly, with a higher concentration, 5% PVP-I did not lead to a significant decrease in the incidence of POE
in Hospital-A. A similar conclusion was drawn in a previous study, demonstrating that diluted PVP-I (0.1-1%) was more rapidly
bactericidal than a full-strength solution (10%).%* One hypothesis was that the concentration of free iodine significantly increased
when diluted and contributed to the bactericidal activity.”> Due to the toxicity of PVP-I to the corneal epithelium and
endothelium, the Chinese Cataract Society has recommended a low concentration application of PVP-I before cataract
operation.”® Here, our results also supported that 0.5% PVP-I was already beneficial for POE prophylaxis for effectively
reducing the risk of POE, which was consistent with the conclusion in Rosario’s study.?’ It seems that a low concentration PVP-I
might realize financial savings as well as improved antisepsis at the same time, which is worth promoting. However, further
large-scale randomized controlled trials were needed to evaluate the optimum concentration of PVP-I.

Moreover, it is worth noting that only two centers applied intraoperative antibiotics that added tobramycin in irrigation
solutions (4mg/1000mltobramycin in Hospital-B and 8mg/1000mL tobramycin in Hospital-E), and they presented with a
significant lower incidence than all the other centers. A previous study by Sobaci et al investigated bacterial contamination
rates of aqueous humor samples taken at the end of cataract operation, and they found that intraoperative antibiotic irrigation
group (20 micrograms/mL vancomycin and 8 micrograms/mL gentamicin) could significantly decreased the rates of culture-
positivity than BSS-only group, indicating the effectiveness of antibiotic irrigation in preventing intraocular bacterial
contamination during cataract surgery.”® Whereas, the lower incidence of POE in the two hospitals should be analyzed by
logistic regression because of many confounding variables including patients’ age, basic disease, incision type, capsule rupture
and topic antibiotics. However, due to the operation limitation of medical records system, only POE patients’ medical
information could be completely acquired, and we could not obtain relevant information from the other patients. Without strict
controlling of confounding factors, we cannot rule out the possibility that the decline was actually a result of multiple
associated factors instead of tobramycin only. Considering the lack of robustness, it should be emphasized the popularization
of tobramycin in irrigation should be very cautious and multivariate analysis should be conducted in further research. Actually,
since the intracameral injection of cefuroxime (1mg) at the close of cataract surgery was recommended by European Society
of Cataract & Refractive Surgeons (ESCRS) multicenter study,” intracameral cefuroxime has been introduced to be a
standard prophylactic intervention in Western countries. A Spanish study observed a dramatic drop of approximately 15-
fold in POE rates after using intracameral cefuroxime,” and a meta-analysis conducted by Wang et al revealed that anterior
chamber injection of moxifloxacin could effectively prevent the occurrence of endophthalmitis after cataract surgery.”'
However, in China, the application of intracameral antibiotic injection in cataract surgery is controversial and not widely
promoted in most regions, mainly due to the lack of commercialized products and some devastating complications including
hemorrhagic occlusive retinal vasculitis.**** Hence, we propose that antibiotic irrigation might be an alternative method to
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replace intracameral cefuroxime with a similar mechanism, and a further study could be conducted to compare the effective-
ness and safety between the two methods.

The time interval from initial surgery to the onset of endophthalmitis plays an essential role in the prevention and
diagnosis of POE. In our research, nearly half of POE patients (9/19, 47.4%) developed symptoms of endophthalmitis
with three days after the operation, and a majority of patients (16/19, 84.2%) did within one week after initial surgery.
This result suggested that the time interval within three days to one week after cataract surgery was a high-risk period for
onset of acute POE, when surgeons should keep alert to the occurrence of POE and patients should be closely followed
up. Regardless, there were still three patients suffering POE at 11, 16 and 20 days after operation, respectively. Therefore,
surgeons should bear in mind the possibility of delayed onset of acute POE to avoid misdiagnosis. However, most
hospitals in China only routinely apply postoperative prophylactic antibiotics therapy within two weeks after cataract
operation, and some patients are even lost to follow up after two weeks.'®?! Considering this, we propose that
postoperative topical antibiotics should be strictly administrated for at least two weeks after cataract surgery in patients
with risk factors like wound leak and PCR, to cover the potential incubation period of acute POE, and those patients
should be closely followed up during this period.

Identification of the causative organism by culturing intraocular samples is instructive in the diagnosis and prognosis
of endophthalmitis. Unfortunately, the incidence of culture positivity in our study was 17.6%, which was lower than
previous investigations conducted in other regions of China.>'***??> Moreover, it is worth noting that culture-positive
rates reported in China as shown in Supplementary material (eTable 3) were almost lower than developed countries, such
as Australia (67% reported by Lertsumitkul et al),** the United States (69.3% in EVS)” and Sweden (85.2% reported by
Friling et al).’>> One possible reason for the low culture positivity might be the non-standardized method of microbial
isolates. The phenomenon that antibiotics were initially delivered prior to intraocular sampling existed in our included
hospitals. Due to the administration of antibiotics, the decreased quantity of pathogen available in samples might produce
only modest organism growth, leading to negative results. Therefore, to improve the identification of pathogen and
promote a laboratory diagnosis of microbial infection, we recommend direct smear staining on the intraocular samples to
be conducted simultaneously if possible. Meanwhile, combing culturing and staining might be another way to identify
the pathogen and increase the positive rate. Ding et al found, by using the Gram, GMS, or PAS staining methods, positive
smear staining results were available in 73.9% of the post-cataract surgery endophthalmitis cases, which was significantly
higher than the positive-culture rate of 50%.® Besides, more fungal infection patients could be confirmed through GMS
and PAS staining than culturing.*®

According to previous studies, coagulase-negative Staphylococcus (CoNS), Staphylococcus aureus and
Staphylococcus epidermidis were the most common organism associated with postoperative endophthalmitis.'® In our
study, Staphylococcus hominis was isolated in two cases and Streptococcus was cultured in one patient. Among CoNS
species, Staphylococcus hominis was the third most frequent one and regarded as the core composition of the microbiota
in the human host’s skin and mucous membrane surfaces.’” Our previous study detected Staphylococcus hominis in the
conjunctival sac and meibomian gland secretions of normal subjects,>® which might explain the source of infection in the
two cases and thus emphasized the importance of adequate disinfection on conjunctival sac and eyelid margin before
cataract surgery. Additionally, the use of a surgical adhesive membrane to cover the orifices of meibomian glands is also
essential since the secretions of meibomian glands containing bacteria might gradually contaminate the sterilized area
intraoperatively and lead to POE.*® However, Staphylococcus hominis was less commonly reported than other CoNS
species in endophthalmitis-associated pathogens, and it was often associated with cases of nosocomial infections.*

The final visual outcomes in our study were generally poor; only one (6.7%) of 15 patients achieved a visual acuity
>20/40, and seven (46.7%) of 15 patients had a visual aacuity >0/200. This visual prognosis was comparable to Ding’s
study finding only three (7.0%) of 46 patients had a final VAVA >/40 at a local hospital in Southern China.>® However, it
was significantly worse than EVS which reported 53% of patients achieved 20/40 or better VA in Western countries.’
This difference may be partly explained by the exclusion criteria in the EVS. Patients presenting with VA of NLP or
significant opacification of the anterior chamber were excluded from the EVS. As such, more severe infections or virulent
organisms were probably excluded from the EVS analysis. In spite of this, it is unquestionable that there is still a huge
lag between China and developed countries in the recognition and standardization of POE treatment, which eventually
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lead to the poor final visual outcome. The gap might partially result from inadequate popularization of vitrectomy, lower
positive-culture rate and the lack of targeted and precise anti-infection measures. In addition, our analysis revealed that
visual acuity at presentation was a good predictor of final visual prognosis in POE patients. Patients with presenting
BCVA of CF or better were more likely to achieve a better final BCVA than those with worse presenting BCVA. The
result was in accordance with several previous studies.™'®!*?! Better presenting VA means the possibility of earlier
disease course, or less damage to the intraocular tissue, and thus patients may have more chance to achieve a good visual
outcome.

Several potential limitations in our investigation should be considered. Firstly, it is impossible for us to collect
medical information from all the eye centers in the region of Northern China to yield a totally accurate incidence.
However, we included the representative ophthalmic centers in different cities, and more centers would be enrolled for
comprehensive assessment in the future. Secondly, due to the limitation of electric medical records, we could not obtain
some relevant information from all the patients, such as surgical time, posterior capsular rupture and the type of cataract
extraction and IOL. Therefore, we had no chance to completely evaluate the potential risk factors and the efficacy of
preventive measures for POE after cataract surgery by multivariable analysis. Thirdly, on account of the extremely low
incidence of postoperative endophthalmitis, the sample size of POE patients in our research was still limited, even though
we had conducted a multicenter investigation. Hence, we could only analyze the prognosis factors by single factor
methods, which could be disturbed by the confound factors. Considering all this, a better-designed large-scale multicenter
investigation should be conducted in the future to estimate a more accurate incidence of POE after cataract surgery in
Northern China, and assess the factors associating with the occurrence of POE and final visual prognosis.

Conclusion

As the first large-scale multicenter survey on the incidence and clinical characteristics of acute POE after cataract surgery
in Northern China, we revealed that the incidence of acute POE after cataract surgery from 2013 to 2019 in Northern
China was 0.026%, and the annual incidence declined significantly year by year over the 7 years. For the prognostic
prediction, presenting BCVA of CF or better could be a significant predictor for the final visual acuity outcome in acute
POE patients.
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