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Abstract: We analyzed the economic benefits versus safety risks of sharing anti-vascular endothelial growth factor 
(VEGF) vials during the coronavirus disease (COVID-19) pandemic. This single-center retrospective study analyzed 
the data of patients with neovascular age-related macular degeneration (nAMD), proliferative diabetic retinopathy 
(PDR) and retinal vein occlusion (RVO) who received anti-VEGF between January 2016 and July 2021 at Renmin 
Hospital, Wuhan University, China. Costs were compared of the two protocols of intravitreal injections (IVIs) of ra-
nibizumab, aflibercept and conbercept after (i) splitting the vial content for use in two patients and after (ii) disposal 
of the remaining vial content after use in a single patient, with the COVID-19 outbreak considered as the demarcation 
point. The incidence rates of post-injection endophthalmitis (PIE) pre- and post-outbreak were analyzed. The mean 
cost of a single IVI increased by 33.3%, from 3917.67±71.69 to 5222.67±84.98 Chinese Yuan during the pandemic. 
The incidences of IVI-related culture-positive PIE were 0.0134% (3 in 22448) and 0.0223% (1 in 4479), respectively, 
before and after the pandemic (P=0.6532). We conclude that vial sharing of IVIs in a large clinical institution is not 
associated with increased PIE risk and can significantly reduce the cost of therapy.
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INTRODUCTION

Vascular endothelial growth factor (VEGF) plays a 
critical role in the pathogenesis and progression of 
many angiogenic diseases, such as cancer, endome-
triosis, osteoarthritis and chronic kidney disease 
[1-5]. It is at the center of the process of retinal and 
choroidal neovascularization, including age-related 
macular degeneration, retinopathy of prematurity and 
proliferative diabetic retinopathy [6,7]. After decades 
of studies, anti-VEGF drugs are now applied in clini-
cal practice to treat retinal diseases, such as diabetic 
macular edema, proliferative diabetic retinopathy 
(PDR), retinal vein occlusion (RVO) and neovascular 
age-related macular degeneration (nAMD), which are 
the leading causes of blindness worldwide [8-13]. In 
China, the overall prevalence of diabetes was 11.2%, 

according to a study conducted between 2015 and 
2017 [14]. The number of people with any type of 
AMD was around 12.01 million in China in 1990 and 
increased to 26.65 million by 2015. This study also 
pointed out that the predicted number of patients with 
AMD would reach 55.19 million by 2050 [15].

Currently in China, three antiangiogenic agents 
are commonly available for the treatment of retinal 
vascular diseases: ranibizumab (Lucentis®, Novartis, 
Basel, Switzerland), aflibercept (Eylia®; Regeneron 
Pharmaceuticals, Inc., Tarrytown, NY, USA) and con-
bercept (Lumitin®; Chengdu Kanghong Pharmaceuticals 
Group Co., Ltd., Chengdu, China) [16-18].

Chinese society and family structure have contin-
uously changed over recent decades due to the rapidly 
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growing number of people aged over 60 years, which 
now (2021) accounts for nearly 18.70% of the total 
Chinese population. Along with the growing trend 
of aging societies, higher incidence rates of senile 
retinal vascular diseases have led to greater demands 
for anti-VEGF medicines in China [19]. The increas-
ingly widespread application of intravitreal anti-VEGF 
therapy for retinal diseases has had revolutionary ef-
fects in enhancing patients’ vision. However, it has 
significantly impacted public health and financial 
stress due to its high retail price and the requirement 
for multiple injections. A single intravitreal injection 
(IVI) of anti-VEGF costs more than 5000 CNY, while 
the per capita disposable income of Chinese residents 
was 32189 CNY in 2020. Thus, the expense of multiple 
injections undoubtedly exerts a heavy financial bur-
den on both family and public health institutions. The 
prices of three types of anti-VEGF medications were 
downregulated in China from approximately 5600 to 
4000 CNY as of January 1, 2020. This price adjustment 
was thought to be good news for patients.

After the outbreak of the coronavirus disease 2019 
(COVID-19) pandemic, the conventional practice of 
splitting the same vial between two syringes to inject 
into two separate eyes is no longer used. Instead, a 
vial is to be used for only one patient and the excess 
content of the vial is discarded. This approach to IVI 
was instituted to meet anti-epidemic requirements to 
avoid possible nosocomial infections caused by virus 
transmission. Theoretically, this may also reduce the 
incidence rates of injection-related adverse effects, 
such as post-injection endophthalmitis (PIE), which 
can lead to severe impairment of the patients’ visual 
functions. Nevertheless, it causes significantly more fi-
nancial stress on both patients and the National Public 
Health System.

The security and economic benefit of splitting vials 
into prefilled syringes or repackaging the remaining 
medication for IVIs has been extensively studied by 
foreign groups [20-22]. These strategies showed a favor-
able application prospect. However, the feasibility and 
necessity of extensive application of splitting anti-VEGF 
drugs for IVI has not been analyzed and discussed in 
China. In this study, we sought to weigh the advantages 
and disadvantages of vial sharing based on China’s na-
tional conditions and the background of the COVID-19 
pandemic. We evaluated the change in costs per eye 
treated with intravitreal ranibizumab, aflibercept or 

conbercept before and after the occurrence of the 
COVID-19 pandemic and determined the costs if the 
former rule were to be reapplied. Additionally, we in-
vestigated whether the incidence of PIE was closely as-
sociated with the procedure of splitting vials.

MATERIALS AND METHODS

Study design and subjects

This single-center, retrospective study was performed 
at the Department of Ophthalmology at Renmin 
Hospital of Wuhan University, which is the largest eye 
center in the Central China district. The study proto-
col was reviewed and was granted an exemption from 
requiring ethics approval by the Ethics Committee of 
Renmin Hospital of Wuhan University. It was con-
ducted ethically in accordance with the World Medical 
Association Declaration of Helsinki. Written informed 
consent was obtained from all the study participants.

Data were searched for all patients with nAMD, 
PDR or RVO who received intravitreal injections of 
anti-VEGF agents between January 2016 and July 2021. 
All patients involved had undergone a standardized 
diagnosis process, strict indication control and special-
ized therapy. Patients were assigned to two different 
groups to reflect the different rules for anti-VEGF IVI.

A diagnosis of endophthalmitis at Renmin 
Hospital of Wuhan University is clinically made on 
the basis of a typical medical history and ophthalmic 
examination, and a vitreous biopsy or a pars plana 
vitrectomy for microbiological analysis are routinely 
performed to assist diagnosis. To decrease possible er-
rors that could have caused endophthalmitis related to 
a procedure other than an IVI into the study, patients 
who had undergone intraocular surgery after their last 
IVI were excluded. Moreover, patients diagnosed with 
uveitis who did not receive endophthalmitis treatment 
(intravitreal antibiotics with or without vitrectomy) 
within 1 week were considered probable sterile en-
dophthalmitis cases, and also excluded.

Study procedure

Before December 2019, vials of ranibizumab, afliber-
cept and conbercept were split into two syringes to 
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provide IVI to two eyes (two patients). However, 
because of the new IVI rules after the outbreak of 
COVID-19 in Wuhan, anti-VEGF vials were no longer 
split, but a single dose was administered from a vial 
and the rest of the liquid was discarded.

We summarized the statistics of all patients who 
received IVIs of anti-VEGF agents. We also recorded 
the cases of injection-related PIE, including patient 
information, types of diseases, clinical treatment and 
culture results during two different periods: from 
January 2016 to December 2019 and from April 2020 
to July 2021. The main outcomes were the mean costs 
in CNY of the single-IVI process for the three anti-
VEGF agents (ranibizumab, aflibercept and conber-
cept) before and after stopping the practice of split-
ting vials to treat two patients, as well as the expected 
expenses if the former practice were to be reinstated. 
In addition, we evaluated PIE rates in these two dif-
ferent time-periods.

Statistical analysis

All statistical analyses were performed using the 
SPSS v26.0 software (IBM Inc., Armonk, NY, USA). 
Average costs are presented as mean ± standard de-
viation (SD). Descriptive statistics, including relative 
risk with 95% confidence intervals (CI), were used to 

compare the incidence rates of IVI-related PIE across 
the two time-periods. Categorical variables were com-
pared using the chi-square test. Statistical significance 
was set at P<0.05.

RESULTS

The total number of intravitreal anti-VEGF injections 
from January 2016 to July 2021 was 26927. There were 
22448 procedures (83.3%) before the COVID-19 out-
break in Wuhan (from January 2016 to December 
2019) and 4479 procedures (16.7%) after lockdown 
was lifted in Wuhan (from April 2020 to July 2021). 
The mean cost of IVI of ranibizumab, aflibercept and 
conbercept was 3917.67±71.69 CNY before the pan-
demic, which increased to 5222.67±84.98 CNY after 
the pandemic (Table 1). Comparison of the costs as-
sociated with the two different rules revealed an in-
crease of 33.3%. The expected cost for conducting 
IVI in the original manner would reduce the price 
to 3189.33±42.49 CNY (Table 2), indicating a 38.9% 
reduction from the current price and a 18.6% reduc-
tion from the original cost before the retail prices were 
lowered.

Before the pandemic, the IVI-related PIE inci-
dence was 0.0134% (95% CI, 0.0028-0.0391%). After 
the pandemic, this incidence was 0.0223% (95% CI, 

Table 1. Costs of intravitreal injection of anti-vascular endothelial growth factor drugs before and after pandemic outbreak.

Date Drug
Cost of 
a vial 

(CNY)

Cost for 
one patient 

(CNY)

Preoperative 
examination 

(CNY)

Surgery-related 
cost (CNY)

Total 
cost 

(CNY)

Mean cost ± SD 
(CNY)

Number 
of cases of 
procedures

January 2016 to 
December 2019

Ranibizumab 5700 2850 338 738 3926
3917.67 ± 71.69

18139
Aflibercept 5850 2925 338 738 4001 2106
Conbercept 5500 2750 338 738 3826 2203

April 2020 to 
July 2021

Ranibizumab 3950 3950 418 738 5106
5222.67 ± 84.98

1531
Aflibercept 4100 4100 418 738 5256 1497
Conbercept 4150 4150 418 738 5306 1451

CNY, Chinese Yuan; SD, standard deviation

Table. 2. Expected cost using the original method with intravitreal injection of anti-vascular growth factor drugs.

Drug
Cost of 
a vial 

(CNY)

Cost for 
one patient 

(CNY)

Preoperative 
examination 

(CNY)

Surgery-related 
cost (CNY)

Total 
cost 

(CNY)

Mean cost ± 
SD (CNY)

Reduction proportion 
(compared with the costs)
Before the 
pandemic

After the 
pandemic

Ranibizumab 3950 1975 418 738 3131
3189.33 ± 42.49 18.6% 38.9%Aflibercept 4100 2050 418 738 3206

Conbercept 4150 2075 418 738 3231
CNY, Chinese Yuan; SD, standard deviation
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0.0006-0.1243%) (Table 3). All PIE cases considered in 
this study were culture-positive. By setting the opera-
tion of splitting anti-VEGF drug vials as a risk factor, 
we determined that the relative risk for developing 
PIE following the two different IVI rules was 1.6708 
(0.1738-16.0656%). There was no significant differ-
ence between morbidity and risk of PIE related to the 
kinds of IVI approaches (chi-square test, P=0.6532).

Four PIE cases were identified (incidence 
0.0149%; 95% CI 0.0041-0.0380%). The PIE cases 
occurred sporadically. In total, among the 19670 
injections of ranibizumab, there were two PIE cases 
(incidence 0.0102%; 95% CI 0.0012-0.0367%). Among 
the 3603 injections of aflibercept, there was one case 
of PIE (incidence 0.0278%; 95% CI 0.0007-0.1545%). 
Among the 3654 injections of conbercept, there was 
one PIE case (incidence 0.0274%; 95% CI 0.0007-
0.1524%). There was no statistically significant dif-
ference in the incidence rates among the three groups 
(chi-square test, P=0.5828).

Of the four PIE cases, the indication for anti-
VEGF therapy was nAMD in three patients and PDR 
in one patient (Table 3). All the preceding procedures 
of IVIs adhered to the standard procedure, and pa-
tient-related risk factors for PIE were not identified.

DISCUSSION

We calculated and analyzed the financial influence of 
anti-VEGF IVI policies in China before and after the 
outbreak of COVID-19. With the decrease in retail 
prices of anti-VEGF medications, the average cost of 
a single injection of anti-VEGF to one eye increased 
by approximately 33.3% after COVID-19. Based on 
the average income of the Chinese population, this is 

a significant burden for patients. When we calculated 
the mean expected cost of these injections when fol-
lowing the former IVI protocol, we found that the es-
timated cost of each procedure with the vial-splitting 
approach would be reduced to about 3200 CNY, which 
amounts to 61.1% of the current procedure costs.

From January 2016 to December 2020, we conven-
tionally split every vial of the anti-VEGF into two sy-
ringes to inject two separate patients, one after another, 
by IVI. Unlike Blom et al. [21], we did not implement 
pharmaceutical compounding because we only split 
ranibizumab, aflibercept and conbercept vials. After 
the outbreak of COVID-19 in Wuhan, new pandemic 
prevention rules resulted in many changes. COVID-19 
is thought to be transmitted through aerosols, which 
poses a challenge for preventing and controlling nos-
ocomial infections [23,24]. Since April 2020, in the 
Department of Ophthalmology at Renmin Hospital 
of Wuhan University, we no longer split the vials of 
any anti-VEGF agents for epidemic prevention. Once 
the vial is opened, it can only be used by one patient 
and the remaining liquid is discarded. This results in 
significant increase in the cost of a single injection. 
The epidemic has already had a marked impact on 
the medical financial budget in the short-term, and 
the new rule imposes a further burden on costs for 
both the individual and for public health resources. 
Moreover, we found that the rate of PIE was similar 
using either the pre-COVID-19 or post-COVID-19 
IVI policies, indicating that vial-spitting procedures 
are safe, and at least will not increase the PIE rate.

Anti-VEGF drugs are expensive and require re-
peated injections to maintain their therapeutic effects 
[25]. Usually, patients who have indications for this 
therapy require more than one injection. In some 

Table 3. Incidence of post-injection endophthalmitis (PIE) before and after the pandemic outbreak.

Date Injections
Detailed Information of Recorded Cases PIE

Incidence (95%CI)
Case Age Sex Diagnosis Drug Treatment

January 2016 to 
December 2019 22448

1 67 F nAMD R PPV
0.0134%

(0.0028‒0.0391%)2 59 M PDR A PPV
3 75 M nAMD R PPV

April 2020 to 
July 2021 4479 1 69 F nAMD C PPV 0.0223%

(0.0006‒0.1243%)
A, aflibercept; C, conbercept; CI, confidence interval; F, female; M, male; nAMD, neovascular age-related macular degeneration; PDR, proliferative diabetic 
retinopathy; PIE, post-injection endophthalmitis; PPV, pars plana vitrectomy; R, ranibizumab
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cases, more than 20 injections are needed. The de-
gree of financial burden is directly related to patient 
adherence, particularly for low-income families [26], 
and patients with financial stress may reject therapy 
before completing the treatment course. In addition, 
patients who need to pay higher costs are more likely 
to feel anxious and annoyed when the therapeutic ef-
fects are unsatisfactory. They tend to consider that 
higher prices correspond to better results. This strong 
emotional reaction of patients is a fuse for doctor-pa-
tient conflicts. Therefore, it is necessary to take mea-
sures to reduce the cost of anti-VEGF therapy to ease 
the economic and psychological burden on patients.  
A previous study showed that bevacizumab vial shar-
ing led to a reduction in public health-care costs [27]. 
Our results also demonstrated that vial sharing of oth-
er anti-VEGF agents in IVIs also reduced the costs for 
both patients and public health care.

With the outbreak of the COVID-19 pandemic, 
the insufficient storage and low buffer capacity of 
public health resources were exposed in China. The 
surging consumption of disposable medical resources 
has added a financial burden to society. Adjusting 
IVI rules to ease medical burdens, improve patient 
compliance and improve doctor-patient relationships 
requires attention. To maximize the use of leftover 
medication, some studies have investigated the fea-
sibility and safety of repackaging the leftover intra-
vitreal anti-VEGF agent to reduce the waste of public 
resources and patients’ expenses [20]. In addition, an-
other study provided a novel compounding method 
that split anti-VEGF biologics from single vials into 
multiple prefilled silicone oil-free syringes to improve 
the synthesis and storage of compounding drugs [28]. 
The authors found that drug stability and activity were 
not affected during the process of repackaging and 
storage. Some observations indicated that the splitting 
of vials into prefilled syringes is not dangerous [21]. 
The procedure may even decrease the rate of culture-
positive PIE [22]. These strategies could indicate a 
possible direction for improving the public health-care 
system and further reducing of the financial burden.

Infectious endophthalmitis is the most visually 
damaging complication of IVI [29]. Most cases of 
endophthalmitis are exogenous and appear as com-
plications of eye surgery or penetrating ocular trau-
ma [30]. The number of these cases related to IVI of 

anti-VEGF medications has increased in recent years 
[31]. Theoretically, even in strict compliance with the 
standard sterile operations, the additional operation 
of splitting vials, or the increasing time interval of 
temporary storage between extraction of drugs and 
IVI may elevate the risk of contamination, which can 
lead to an increase in the incidence of injection-re-
lated endophthalmitis. In this study, we investigated 
whether the new rule contributed to a decrease in the 
incidence of PIE. We found that all PIE cases occurred 
sporadically. In all PIE cases, the preceding injection 
had adhered to the standard procedure, and no pa-
tients had known risk factors for PIE. In addition, 
neither deviation from the standard injection protocol 
nor patient-specific circumstances seem to have bi-
ased the results. The morbidity and risk of PIE did not 
change significantly when we split one vial into two 
syringes, indicating that such procedures are safe, and 
at least will not lead to higher rates of PIE. Analysis of 
the four PIE patients showed that the rates of PIE did 
not vary among the three different anti-VEGF agents 
investigated in our study. This conclusion was sup-
ported by other studies [32-34]. This evidence adds 
reliability to our comparison of the prevalence of PIE 
before and after the outbreak of COVID-19, without 
considering different types of anti-VEGF drugs.

Our study had some limitations. Owing to the 
relatively short research duration, the sample size of 
the included patients was relatively small. The sample 
size should be expanded by continuous accumulation 
of cases because the incidence of PIE was quite low 
(fewer than 0.25 per 1000 injections in this study). 
Furthermore, a previous study suggested that female 
and male patients differ in their proclivity for endo-
phthalmitis after IVI of anti-VEGF agents, with wom-
en having higher odds of PIE [35]. Another report 
revealed that diabetes-related eye injuries and nAMD 
appear to be associated with higher PIE rates than 
RVO [36]. In addition, in terms of safety, we mainly 
focused on PIE, one of the most severe complications.

CONCLUSIONS

Essentially, every rule has two sides. It is necessary 
to find a balance between the advantages and disad-
vantages of each approach, and to attempt to pursue 
the maximum economic welfare of patients under the 
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premise of ensuring safety by adjusting rules flexibly 
according to various medical situations and social 
backgrounds. In this study, we found that the new IVI 
regulation imposed after the outbreak of COVID-19 
in Wuhan significantly increased the financial burden 
on all patients; however, the incidence of PIE was not 
significantly associated with changes in the IVI rules. 
Thus, our study adds to the evidence that the splitting 
of vials into syringes for IVIs is safe and economi-
cal. We suggest that, with increasing vaccine coverage 
and with control over the pandemic, the vial-splitting 
protocol should be resumed. Strengthening the aware-
ness of medical staff of strict sterility measures and 
improving professional and standardized procedures 
are important prerequisites for reinstating the original 
IVI rules. We will continue to complete post-epidemic 
data statistics to verify our results. In addition, we will 
investigate the stability, safety, sterility and efficacy 
of pharmaceutical compounding procedures in the 
near future.
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