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Background: Antimicrobial agents’ wastage is a huge problem, especially for pediatric patients, resulting in excessive drug 
expenditure and increasing the economic burden on patients’ families. Moreover, the cost of disposing of antimicrobial agents’ 
waste and the risk of environmental and occupational exposure also increased. This study aimed to explore the cost-effectiveness of 
the vial-sharing strategy combined with the daily-rate charge mode for pediatric inpatients to provide a strategy for reducing patients’ 
expenditures, saving medical costs, and reducing drug proportion.
Methods: This retrospective study was conducted at Pharmacy Intravenous Admixture Service (PIVAS), Shenzhen Children’s 
Hospital, Guangdong Province, China, in 2022. Data on prescription drugs were collected from the PIVAS system. Ten antimicrobial 
drugs with a frequency of prescriptions no less than twice once daily were selected, and the drug costs, drug weight, and drug saved 
were further analyzed according to the combination of real-time vial sharing strategy and daily-rate charge mode. Traditional single 
vial charge mode without vial sharing was set as a control strategy. The actual expenditure of the hospital was also calculated and 
analyzed.
Results: During 2022, ¥ 4,122,099 (34.4%) was saved for inpatients by applying a vial-sharing strategy on ten antibacterial agents, 
and more than 46,343,750 mg (24.6%) of drugs were totally saved. The top 5 drugs saved by the real-time vial-sharing strategy were 
cefoperazone-sulbactam, vancomycin, amoxicillin-sulbactam, ceftazidime, and meropenem. Taken the price into consideration, the top 
five payment-saved drugs were vancomycin (¥ 1,522,385), meropenem (¥ 1,311,475), cefoperazone-sulbactam (¥ 736,697), imipenem- 
cilastatin (¥ 406,092), and amoxicillin-sulbactam (¥ 51,394). Moreover, the account balance of the hospital was up to ¥ 426,499.
Conclusion: The real-time vial sharing strategy combined with the daily-rate charge mode greatly reduces drug wastage and patients’ 
payments. It may be useful for hospitals with PIVAS to achieve vial-sharing while protecting the best interest of inpatients.
Keywords: real-time vial sharing strategy, daily-charge mode, antimicrobial drugs, inpatients, PIVAS

Introduction
Antimicrobials are the most commonly prescribed medicines in pediatrics. It is estimated that between 37% and 61% of 
infants and children are treated with antibiotics during hospitalization.1–3 However, limited by the shortage of children- 
specific dosage forms, clinicians have to prescribe large specifications for children. As a result, it is common for the 
residual drug to be left over in vials due to patient-specific dosages. Drug wastage is defined as the amount of drug 
dispensed but discarded without administration.4 MacBrayne et al analyzed the anti-infective waste in the Children’s 
Hospital Colorado and found that significant quantities of anti-infective drugs are unused, incurring roughly $100,000 in 
waste annually.5 Drug wastage increases the excessive economic burden on patients, raises healthcare costs, and 
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contributes significantly to the global emergency of antimicrobial resistance.6,7 Therefore, it is necessary to reduce 
antibiotic waste for resource and cost savings.

Vial sharing has become common in large hospitals, especially for expensive drugs.8,9 By using quantities of drugs 
that would have previously been discarded, cytotoxic and biological waste production is also reduced. A study retro
spectively analyzed the wastage of cancer chemotherapeutic drugs in an oncology unit and found that vial sharing 
showed a 9% reduction in 1 year.4 Similarly, another study performed in a Dutch hospital estimated the cost savings by 
implementing a vial-sharing strategy between 2017 and 2021, resulting in savings of € 280,000. Despite the effectiveness 
of the vial-sharing strategy in cost savings, there are regulatory, safety, stability, and microbiological concerns regarding 
the reuse of the drug vials. It means that alternative compounding strategies that reduce drug waste are urgently needed.

As stated in United States Pharmacopeia, the sterile products packaged as a single-use vial should be used within 6h 
of opening if maintained in an ISO 5 environment or within 1 hour if not kept under these conditions.10 To accommodate 
vial sharing, some hospitals or disease research centers use Closed System Drug Transfer Devices (CSTD) to extend the 
shelf life of drugs after opening. However, most hospitals in China, our hospital included, cannot afford CSTD. 
Therefore, a real-time vial-sharing strategy was implemented in Pharmacy Intravenous Admixture Services (PIVAS) in 
our hospital to avoid unnecessary risk caused by the storage of opened vials. The real-time vial sharing means that the 
preparation of all prescription doses of the same drug is done at once based on the pre-classification of the same drug in 
different prescriptions in one batch. Few investigations on the real-time vial-sharing strategy have been conducted 
outside of China.11 Accompanying the real-time vial sharing strategy, we introduced the daily-rate charge mode to reduce 
patient payments as much as possible. Since vial-sharing means less than a vial of drug was administrated to one patient, 
it is unreasonable to charge on a per vial basis. Daily-rate charge mode implies that patients pay for the required drug 
quantity rather than for each prescription, which permits significant cost savings. These strategies were approved after 
consultation with clinicians, pharmacists and administrators. Currently, twenty medications are included and dispensed 
by the vial-sharing strategy.

This study was conducted to compare and analyze the difference in drug cost and drug wastage between the 
traditional charge mode and the new charge system in PIVAS for antibiotic prescriptions of inpatients. In addition, the 
benefit for both inpatients and hospitals were analyzed and summarized.

Methods
Data Sources and Workflow of PIVAS
This retrospective study was conducted at Pharmacy Intravenous Admixture Services of the Shenzhen Children’s 
Hospital, Guangdong Province, China. Data were extracted from the PIVAS system for preparations in 2022. Figure 1 
illustrates the main workflow of PIVAS in our hospital. Except for the routine steps in PIVAS, the classification step was 
added as preparation work for vial-sharing to improve the effectiveness of the real-time vial sharing strategy. Drugs that 
can be shared in vials were previously set up in PIVAS. The PIVAS system informs the medical worker when multiple 
two-dimensional prescription information is used as code for the same drug. Next, the medical staff can put these 
prescriptions into one batch for further compounding to achieve real-time vial-sharing. Furthermore, the prescriptions 
were dispensed every two hours during the day. Prescriptions with the same drug in the same periods were automatically 

Figure 1 Workflow of PIVAS.
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classified by the PIVAS system to reduce drug wastage. We did not share vials among different working periods to 
decrease contamination and confusion.

For the traditional single dose preparation method, no batching or vial sharing was implemented and the drug residual 
was discarded after each preparation. Therefore, the vials of ten drugs prescribed by clinicians were counted and 
compared with the actual drug consumption.

The Selection of Drugs
To compare drug wastage, patients’ payment, and the cost of the hospital between two different charge modes, we 
selected several drugs with different characteristics of dosage and administration. After reviewing previous research and 
discussing with a clinical pharmacist, we selected ten antibiotics that were administrated no less than twice a day. The 
actual consumption of these selected agents, the theoretically number of vials according to different strategies, and the 
hypothetical drug wastage were obtained by sending the corresponding instructor to the PIVAS system. To further 
analyze the cost saving and drug wastage, the price, specification, and usage were recorded.

Charge Mode
This study compared two charge modes: the single vial-charge mode and the daily-rate charge mode. Traditionally, 
patients have to pay for their drugs by vials. For example, as illustrated in Figure 2, patient 1 prescribed a dosage of 
30 mg and patient 2 prescribed a dosage of 50 mg both had to pay for 3 vials of drugs per day because the frequency 
of their prescription was three times a day. Therefore, a new drug vial was opened for each administration. However, 
this charging mode was unreasonable when the vial sharing strategy was implemented. As illustrated in Figure 3, only 
90 mg drug was used by patient 1. Thus, we introduced the daily-rate charge mode, meaning that patients have to pay 
for their total drug users in one day rather than for every administration. The dose-rounding strategy was included in 
the daily charge mode. For example, considering that the total used drug for patient 1 was 90 mg (< 1 vial), we 
charged for 1 vial only. Similarly, patient 2 who required 150 mg during a day (> 1 vial but < 2 vials), was charged for 
2 vials.

Data Collection and Calculation
The information on ten drugs was collected, including the name of the prescribed drug, a unit price per vial of the drug, 
drug specification, the actual dose of the drug and the number of vials used. In addition, the amount of drug saved was 
calculated according to the difference between patient usage and vial specifications.

The payment saved for patients was also analyzed. Furthermore, we also analyzed the hospital’s expenditure for these 
drugs and verified whether the daily-rate charge mode was cost-effective, combined with the real-time vial sharing 
strategy.

Results
Amount of Drug Usage
The information on the ten antibacterial agents were compared was illustrated in Table 1 and two bar charts were used to 
compare the theoretical consumption of drugs (Figure 4). The real-time vial-sharing strategy was able to save drugs for 
all selected species. The top 5 drugs saved by the real-time vial-sharing strategy were cefoperazone-sulbactam 
(15,281,000 mg), vancomycin (7,389,500 mg), amoxicillin-sulbactam (7,266,000 mg), ceftazidime (6,056,000 mg), 
and meropenem (4,682,500 mg) (Figure 4a). The number of cefoperazone-sulbactam needed according to the traditional 
single dose preparation was 57,978 vials, while only 42,697 vials were actually used in 2022. Similarly, 14,779 vials of 
vancomycin were saved by the real-time vial-sharing method. Unsurprisingly, the more frequently the drug administra
tion was required, the more drug was saved. The least saved drug was fusidate since only 576 vials were prescribed in 
2022, which was less than 1% of cefoperazone-sulbactam (Figure 4b). Overall, 46,343,750 mg antibacterial drugs were 
saved using a real-time vial sharing strategy, approximately 25% of the originally prescribed.
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Payment Saved for Inpatients
The payments of patients for these drugs in two charge modes are illustrated in Table 1 and Figure 5a. The top five 
payment-saved drugs were vancomycin (¥1,522,385), meropenem (¥1,311,475), cefoperazone-sulbactam (¥736,697), 
imipenem-cilastatin (¥406,092), and amoxicillin-sulbactam (¥51,394). Only 2095 yuan was saved by daily charge mode 
for fusidate. Despite that more ceftriaxone was saved when compared with the amount of linezolid, the daily-charge 
mode saved more money for patients prescribed with linezolid because of the high unit price of linezolid (Figure 5b).

The ratio of drugs saved is illustrated in Figure 6. The saved amount of cefoperazone-sulbactam and vancomycin 
accounts for almost half of the total drug saved (49%) (Figure 6a). The weight of cefoperazone-sulbactam saved accounts 
for 33% of the total drugs because its clinical use was the highest among the ten drugs. The cost saved for inpatients was 
highest for vancomycin, followed by meropenem and cefoperazone-sulbactam (Figure 6b). This might be due to the high 
unit price of vancomycin (¥103.01/vial) and meropenem (¥140.04/vial), while the price of cefoperazone-sulbactam was 
only ¥48.21 per vial. On the contrary, despite fusidate having a higher price, the cost saved for it was less than 

Figure 2 Illustration of drug discarded and the actual payment of inpatients prescribed with same drug but without vial sharing and charged in single does mode.
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ceftazidime (¥2096 vs ¥36,336). Therefore, the financial benefit of the vial-sharing strategies was associated with both 
the quantity of drugs’ consumption and the unit price.

The Account Balance of Drugs and Expenditure of PIVAS
The actual expenditure of drugs in PIVAS is summarized and shown in Table 2. Eight of the ten selected drugs were 
profitable, while two were defective. In addition, 504 vials of fusidate were paid in 2022, but 579 vials were used. 
Moreover, 1559 vials of linezolid were charged for inpatients, while more than 2500 vials were used. Correspondingly, 
46,342 yuan were lost because of the extra consumption of linezolid. However, there was still ¥426,499 in an economic 
surplus of PIVAS by combining the real-time vial sharing method and daily-charge mode.

Discussion
This is the first study reporting on real-world, patient-level data to show the benefit for inpatients and medical service 
providers by combining the daily-charge mode with the real-time vial-sharing method in PIVAS. In 2022, after applying 
a vial-sharing strategy on ten antibacterial agents, ¥ 4,122,099 (34.4%) and more than 46,343,750 mg (24.6%) of drugs 
were saved.

The vial sharing strategy has become common practice globally. Most research about vial sharing was associated with 
injectable cancer drugs.9,12,13 A survey conducted by Gilbar and Chambers found that vial sharing strategies for 
frequently used drugs have been employed in more than 10 countries, and cost savings were achieved in 74% of 
cases.14 The vial-sharing strategy was implemented in our hospital in 2014.15 Previously, the opened vials were left in 
a safety cabinet to keep them away from contamination until reuse. However, the Good Manufacturing Practice guideline 
prohibits storing vials with residual drugs in the cabinet. It means these vials must be stored outside the class 
A environment, which might introduce the risk of microbiological contamination.16 To solve this problem, closed- 

Figure 3 Illustration of drug discarded and the actual payment of inpatients prescribed with same drug with real-time vial sharing and daily-rate charged.
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Table 1 Summary of Information on ten Antibacterial Drugs in PIVAS

Drug prescription Specification 
(mg/vial)

Unit 
Price 

(CNY/ 
vial)

Consumption of Drugs (Vial) Payment of Patients (CNY) Drug saved 
(mg)*

Cost saved 
(CNY)#

Traditional 
single-dose 
preparation

Real-time vial 
sharing 

preparation

Single-dose 
charge mode

Daily-rate 
charge mode

Cefoperazone-Sulbactam 1000 ¥48.21 57,978 42,697 ¥2,795,119 ¥2,058,422 15,281,000 ¥736,697

Vancomycin 500 ¥103.01 28,602 13,823 ¥2,946,292 ¥1,423,907 7,389,500 ¥1,522,385

Linezolid 600 ¥47.00 766 316 ¥36,002.00 ¥14,852.00 270,000 ¥21,150
Imipenem-Cilastatin 500 ¥125.92 16,761 13,536 ¥2,110,545 ¥1,704,453 1,612,500 ¥406,092

Meropenem 500 ¥140.04 24,461 15,096 ¥3,425,518 ¥2,114,044 4,682,500 ¥1,311,475

Fusidate 125 ¥29.11 576 504 ¥16,767 ¥14,671 9000 ¥2096
Ceftazidime 1000 ¥6.00 17,377 11,321 ¥104,262 ¥67,926 6,056,000 ¥36,336

Cefuroxime 750 ¥8.50 41,791 38,036 ¥355,224 ¥323,306 2,816,250 ¥31,918

Ceftriaxone 1000 ¥2.66 24,002 23,041 ¥63,845 ¥61,289 961,000 ¥2556
Amoxicillin-Sulbactam 1500 ¥10.61 14,692 9848 ¥155,882 ¥104,487 7,266,000 ¥51,395

Total - - 227,006 168,218 ¥12,009,457 ¥7,887,358 46,343,750 ¥4,122,099

Notes: *Drug saved (mg) = (theoretically number of drugs consumed by traditional single-dose preparation method – the actual number of drugs consumed by vial-sharing preparation method) *Specification (mg). #Cost saved (CNY)= 
(theoretically number of drugs consumed by traditional single-dose preparation method-The actual number of drugs consumed by vial-sharing preparation method) *Unit price (CNY/vial). “¥” Represents Chinese Yuan (CNY).
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system drug transfer devices were considered but later given up because of the high price of CSTD. Next, we decided to 
put forward the concept of “real-time vial sharing”, modifying the PIVAS system automatically matched the prescriptions 
with the same drug in each dispensing period for inpatients for further vial-sharing. No further storage was needed 
because the prescriptions with the same medication were dispensed at once. The second problem with the vial-sharing 
strategy in our hospital was the charge mode. The traditional single-dose charge mode was unsuitable for inpatients who 

Figure 5 The payment of patients for selected drugs by traditional single does charge mode and daily-rate charge mode (a) and the calculated cost saved for inpatients (b).

Figure 4 The theoretical number of drugs used in 2022 by single-dose vial strategy and real-time vial sharing strategy. (a) The number of antibacterial drugs vials. (b) The 
total amount of drugs saved by weight.
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shared the same vial drug with other inpatients. However, paying for the actual quantity of the drug required the medical 
workers in PIVAS to use up every milligram of the drug in the vial, which was impossible. Next, we came up with the 
idea of a daily-charge mode for frequently used antibiotics (Figure 3).

As expected, real-time vial-sharing strategies saved a larger amount of drugs, which fluctuated from 31.9% 
(cefoperazone-sulbactam) to 1.9% (fusidate) and related to the frequency of drug use, the dosage, and the specification. 
Cefoperazone-sulbactam was the most frequently used antibacterial drug in our hospital. Correspondingly, the amount of 
saved cefoperazone-sulbactam was significantly higher than in other drugs. Compared with cefoperazone-sulbactam, 
only 6.1% of cefuroxime was saved, although the consumption of cefuroxime was second among the ten selected drugs. 
This was due to the dosage of cefuroxime, which does not need further vial-sharing with others. The least saved drug was 
fusidate because of the minimum clinical use. Amoxicillin-sulbactam was the only drug with a specification of 1500 mg 
per vial, while most drugs were 500 mg per vial. As a result, more than 51,394 mg of amoxicillin-sulbactam was saved 
and listed as the third one, which is why specialists call for smaller specifications than larger ones.9 In 2023, amoxicillin- 
sulbactam with the specification of 500 mg/vial was introduced to Shenzhen Children’s Hospital.

Table 2 The Summary of Inpatients’ Paid Drugs and Actual Expenditure of PIVAS

Drug Prescription Paid Drugs 
(Vial)

Drug Consumption 
(Vials)

Income 
(CNY)

Expenditure 
(CNY)

Account Balance 
(CNY)

Daily-Rate 
Charge

Daily-Rate 
Charge

Cefoperazone-Sulbactam 32,101 27,390 ¥1,547,589 ¥1,320,472 ¥227,117

Meropenem 9775 9053 ¥1,368,891 ¥1,267,782 ¥101,109
Vancomycin 9175 8743 ¥945,117 ¥900,616 ¥44,500

Cefuroxime 38,036 33,900 ¥323,306 ¥288,150 ¥35,156

Amoxicillin-Sulbactam 9848 7443 ¥104,487 ¥78,970 ¥25,517
Imipenem-Cilastatin 9446 9338 ¥1,189,440 ¥1,175,841 ¥13,599

Ceftazidime 11,321 8290 ¥67,926 ¥49,740 ¥18,186

Ceftriaxone 23,041 19,342 ¥61,289 ¥51,450 ¥9839
Fusidate 504 579 ¥14,671 ¥16,855 ¥-2183

Linezolid 1559 2545 ¥73,273 ¥119,615 ¥-46,342

Total 144,806 126,623 ¥5,695,990 ¥5,269,491 ¥426,499

Notes: ¥ Represents Chinese Yuan (CNY), the official currency of China. Income: The money paid by patients for medications by daily-rate charge mode. Income (CNY) 
=Paid drugs(vials)*unit price (CNY). Expenditure: The actual drug consumption cost in PIVAS. Expenditure (CNY)= Drug consumption (vials)*unit price (CNY). Account 
balance: The difference between income and expenditure, representing the financial balance after accounting for medication costs. Account balance=Income-Expenditure.

Figure 6 The ratio of drug saved (a) and cost saved (b) among ten antibacterial drugs.
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The daily-charge mode was theoretically economical for inpatients and the hospital. However, the fusidate and linezolid 
in our study witnessed a loss in 2022. The actual consumption of linezolid was 2545 vials, while the number of linezolid paid 
by patients was only 1559 vials. The reasons were concluded as follows: 1) linezolid was usually prescribed as a temporary 
order rather than a regular therapeutic medication. As a result, the real-time vial sharing strategy could not be applied. 2) The 
frequency of linezolid in our hospital was usually prescribed twice a day rather than three times a day. The lower 
administration frequency of linezolid further diminished the chance of vial-sharing. Although fusidate and linezolid were 
lost during 2022, the total amount balance of our hospital by combing vial-sharing with daily-charge mode was up to 426,499 
yuan. Meanwhile, clinicians reevaluated the clinical utilization rates of fusidate and linezolid and subsequently removed 
them from the vial-sharing strategy catalog to reduce further possible loss.

Due to differences in the health insurance system, only a few studies in China have studied the economics of vial 
sharing. In this study, real-time vial sharing was introduced, accompanied by the daily charge mode, to reduce patient’s 
cost, thus providing a new strategy for those who do not have CSTDs but have a demand for vial-sharing.

Despite the feasibility of the system, this study has a few limitations. Firstly, there is still drug wastage because of 
inability to collect all drugs from vials, which was defined as systematical consumption. Moreover, drugs prescribed 
during the different dispensing periods could not achieve vial-sharing to avoid contamination, which might further 
increase drug wastage. Secondly, manual compounding might lead to professional exposure to antimicrobials.17 Further 
studies about external contamination of hazardous drugs by vial sharing were necessary. Finally, the daily charge mode 
was inaccurate and not charged for the actual dose used. The account balance inevitably occurred. The way to manage 
account balance was debatable.

Conclusion
The use of a real-time vial sharing strategy combined with the daily-rate charge mode resulted in a considerable reduction 
in drug wastage and patient payments. Our data recommend that medical institutions prioritize scrutinizing drugs in terms 
of their unit price, frequency of use, prescription dose, and common population dose to determine which medications are 
appropriate for a real-time vial sharing strategy. Moreover, the actual consumption of drugs should be attended to in case 
drugs are more prone to be prescribed as temporal orders.
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