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Abstract 

Background  Blood is a vital medical resource that is sourced from primarily nonremunerated donations. As Tai-
wan faces an aging population, increasing medical demands pose new challenges to blood resource manage-
ment. Trend analysis can improve blood supply chain management and allocate blood resources more efficiently 
and cost-effectively.

Methods  A retrospective review was conducted from 2011–2023 in a teaching hospital to examine the utilization 
and wastage of blood products. Data were collected from hospital information system and blood wastage reports, 
categorized by cause, and analyzed via SAS software version 9.3.

Results  The hospital released 424,197 units of blood products, with leukocyte-reduced red blood cells account-
ing for 140,971 units. The highest annual wastage rate was 0.29% in 2011, and the annual average was 0.08%. Fresh 
frozen plasma (36.3%), platelet concentrates (15.2%), and cryoprecipitate (14.3%) were the most frequently discarded. 
Major causes of wastage included excessive or inappropriate orders (22.3%), inability to reissue blood before expira-
tion (16.7%), and incorrect orders (14.6%). Platelet wastage was caused primarily by improper storage, while thawed 
plasma could not be repurposed. Utilization of leukocyte-reduced blood products has increased, leading to a signifi-
cant reduction in transfusion reactions from 1.8% in 2011 to 0.6% in 2023.

Conclusions  The study highlights that blood wastage often stems from human error or improper storage conditions. 
The leading cause of platelet product disposal is incorrect storage temperatures, along with the inability to repur-
pose thawed plasma for plasma products. Importantly, the increased adoption of prestorage leukocyte-reduced 
blood products has significantly mitigated transfusion-related reactions. We emphasize that continuous education 
for healthcare professionals and enhanced inventory monitoring are critical to minimize wastage and enhance trans-
fusion quality.
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Background
Blood is an essential component of human survival, and 
blood transfusion plays an indispensable role in life-sav-
ing medical intervention. Because blood is perishable, 
developing nontoxic anticoagulants and preservatives 
can improve the practicality and safety of blood transfu-
sion for patients who are at risk of life-threatening blood 
loss. Researchers have yet to identify a substitute for 
blood; and therefore, blood has high value and is a lim-
ited substance. According to the literature, demographic 
changes are often associated with blood supply short-
ages [1–3]. Increases in older population and substantial 
decreases in the annual number of newborns have led to 
a considerable rise in the proportion of older adults and 
a decline in the number of blood donors, resulting in a 
blood supply shortage. Additionally, the global fertility 
rate has declined from 4.84 in 1950 to 2.23 in 2021 and 
is expected to further decrease to 1.59 by 2100, leading 
to a significant shift in age demographics [4]. According 
to the 2024 global fertility statistics released by the Cen-
tral Intelligence Agency, Taiwan ranks last worldwide in 
terms of fertility, with a fertility rate of only 1.11. By 2025, 
the proportion of older adults in Taiwan is projected to 
reach 20%, making Taiwan a superaged society. As stated 
by the Taiwan Blood Services Foundation, the number of 
individuals aged 17–64  years who are capable of donat-
ing blood is projected to decrease by nearly 0.9 million by 
2030, and the number of individuals older than 65 years 
is expected to increase by more than 1 million. These fac-
tors are likely to lead to insufficient of blood for trans-
fusions, suggesting a potential blood shortage crisis. As 
indicated by the 2011–2020 annual report released by the 
Taiwan Blood Services Foundation, the number of first-
time blood donors aged under 24  years has decreased 
from 117,932 to 69,098, representing a reduction from 
15.65% to 11.63% in the proportion of individuals donat-
ing decreased [5].

During the COVID-19 pandemic, a substantial increase 
in blood wastage was observed, which was the result of 
the cancelation of elective surgeries and other nonurgent 
medical procedures (Association for the Advancement of 
Blood and Biotherapies) [6, 7]. This wastage results in a 
shortage of blood supply, significantly affecting various 
blood supply services [8] and transfusion procedures, 
such as massive transfusion protocols, in many hospi-
tals [9]. Given the imbalance between increased blood 
demands and blood supply shortages, hospitals and 
health-care facilities should focus on reducing their blood 
wastage and should establish effective policies for blood 
component utilization. There is also an ethical dimension 
to limiting wastages, out of respect for the altruistic ges-
ture of donors. If donors perceive a lack of effort in waste 
reduction, they may be discouraged from giving, which 

could heighten the risk of shortages. Worldwide, blood 
wastage has been reported to range between 0% and 6.7% 
[10, 11]. Therefore, avoiding blood wastage should be 
considered a medical, economic, and patient safety chal-
lenge in hospital blood bank management. Reducing the 
amount of wasted blood can reduce costs and save blood 
products that can be used for patients in need, and iden-
tifying the causes of blood wastage can enhance blood 
management and increase the safety of blood transfusion. 
The aim of this study is to analyze and explore the causes 
of blood product wastage, with the primary objective of 
improving blood product management.

Methods
Steps and regulations for blood supply
Blood is a valuable resource that is donated by vol-
unteers for use in transfusions to patients in need. 
Figure  1 depicts the primary blood supply chain and 
retunes blood policy and criteria in Taiwan. Blood prod-
ucts pass from donors to patients through four steps: 
donor → blood center → hospital blood bank → patient. 
The Blood Center of the Taiwan Blood Services Founda-
tion is the only blood provider in Taiwan; it supplies all 
blood components to Taiwanese hospitals. Among the 
major blood products supplied by the blood center are: 
(1) red blood cell (RBC) components, including whole 
blood (WB), packed RBCs (pRBCs), washed RBCs, and 
leukocyte-reduced RBCs (LR-RBCs); (2) platelet compo-
nents, including platelet concentrates, apheresis platelets 
(phPLTs), and leukocyte-reduced phPLTs (LR-phPLTs); 
and (3) plasma components, including fresh frozen 
plasma (FFP), frozen plasmas (FP), and cryoprecipitate 
(CRYO). In addition, the Blood Center fulfills uncom-
mon blood requests, such as those for human leukocyte 
antigen or human platelet antigen–matched RBC and 
platelet products.

In scenarios in which blood transfusion is not feasible, 
blood is immediately returned to the blood bank and 
reassigned to another patient to prevent blood wastage 
[12]. If these conditions are not met, the blood products 
should be discarded and should not be reassigned to 
other patients. When blood products are returned to the 
blood bank, all bags and containers should be intact and 
undamaged. For returned blood products to be assigned 
to other patients, the following conditions must be met. 
First, unused RBC products should be allowed to settle 
for 24  h at a controlled temperature (1  °C to 6  °C) and 
undergo visual inspection before they are reassigned. 
Second, thawed FFP (4  °C) should be reassigned within 
24 h. Third, thawed FP (4 °C) should be reassigned within 
5 days. Fourth, platelets (20 °C to 24 °C) should be reas-
signed before their expiry date.
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Key milestones in blood transfusion practice improvement

•	 2012: Updated blood return and re-issuance criteria.
•	 2014: Established temperature monitoring and safety 

audit protocols.
•	 2016: Promoted pre-storage leukocyte-reduced blood 

products.
•	 2017: Initiated biannual transfusion safety training 

for nurses.
•	 2018: Revised emergency and massive transfusion 

guidelines.
•	 2019: Adopted a one-to-one blood delivery policy.

Data collection
This quantitative, retrospective, cross-sectional, descriptive 
study was conducted between 2011 and 2023 at Taichung 
Tzu-Chi Hospital (1,126 beds). All the data collected from 
the hospital information system (HIS) were deidentified to 

ensure patient privacy. In this study, we analyzed the trends 
of utilization for all blood components and explored the 
primary causes of blood wastage. The hospital’s blood bank 
is responsible for supplying blood to various departments 
and units, including the emergency department, internal 

wards, surgery wards, intensive care units, gynecology and 
obstetrics wards, chemotherapy and cancer wards, and 
outpatient clinics. All blood components are requested and 
documented through the HIS. This information includes 
the blood group, type of blood component, requested 
units, issued units, time of issuance, time of blood transfer 
to the ward or department, and time of transfusion. After 
laboratory technicians receive a blood transfusion order, 
they must conduct cross-matching or blood type check 
procedures in accordance with standard protocols. In the 
present study, blood wastage was defined as the delivery 
of nontransfused blood that was not reassigned to another 
patient or recipient. This information includes the blood 
group, type of blood components, requested units, issued 
units, time of issuance, time of blood transfer to the ward 
or department, and time of transfusion.

Wastage percentage
The following equation was used to calculate the percent-
age of wastage for each blood product:

Wastage as a percentage of issued products (WAPI) was 
calculated for each component as follows [11]:

Wastage of each blood product (%) =

Number of wasted units for each product

Sum of units issued for each product
× 100

WAPI (%) =

Sum of wasted units for each component

Sum of units issued for each component
× 100

Fig. 1  Blood supply chain and policies for blood return and reissue in the healthcare system
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Results
Trend of total blood supply during the study period
Figure  2A presents the total number of blood com-
ponents issued and wasted between 2011 and 2023 at 
Taichung Tzu-Chi Hospital. The number of patients 
who received blood transfusions increased from 8,511 
in 2011 to 13,409 in 2023, with an average of 10,745 
patients every year. The average number of blood units 
issued every year was 32,631, and the average number of 
wasted blood units every year was 26. Figure 2B depicts 
blood wastage trends and key milestones in practice 
improvement.

•	 2012: A notable drop in the wastage rate was 
observed after reviewing the criteria for blood return 
and updating re-issuance guidelines. The wastage 
rate decreased significantly from 0.29% in 2011 to 
0.10% in 2012.

•	 2014: The establishment of temperature monitoring 
systems and transfusion safety audit protocols fur-
ther contributed to a sustained reduction in blood 
wastage, reaching 0.05% in 2015.

•	 2016: The promotion of pre-storage leukocyte-
reduced blood products maintained the wastage rate 
at a minimal level, achieving 0.01% in 2016.

•	 2017: The introduction of biannual blood transfusion 
safety training for nursing staff coincided with a sta-
ble low wastage rate.

•	 2019: A one-to-one blood delivery policy was imple-
mented, further supporting wastage reduction. The 
wastage rates remained around 0.02% in both 2019 
and 2020.

These measures collectively demonstrate a proactive 
and data-driven approach to minimizing blood wastage. 
Despite a slight increase in recent years, with the wast-
age rate rising to 0.16% in 2023, likely due to increased 
demand and utilization, the overall trend underscores the 
effectiveness of these targeted interventions. Efforts to 
further optimize strategies are ongoing to address emerg-
ing challenges.

Utilization and wastage of blood products
During the study period, 424,197 units of blood prod-
ucts were released by the hospital’s blood bank (Table 1). 
These blood components included RBC components 
(411 units of WB, 76,137 units of pRBCs, 1,253 units of 
washed RBCs, and 140,971 units of LR-RBCs), plate-
let components (34,013 units of platelet concentrates, 
17,921 units of phPLT, and 20,090 units of LR-phPLT), 

Fig. 2  Trends in blood supply and wastage rates at Taichung Tzu-Chi Hospital from (2011–2023). A Annual data includes patient numbers, blood 
units issued, blood units wasted, and wastage rate (%). B The chart combines a line graph (right y-axis) for blood units issued and a bar graph (left 
y-axis) for wastage rates
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and plasma components (88,895 units of FFP, 13,434 
units of FP, and 31,072 units of CRYO). The rates of blood 
component wastage (WAPI) were expressed as the ratio 
of discarded blood components to issued blood compo-
nents. Wastage rates of 0.04%, 0.09%, and 0.14% were 
recorded for RBC, platelet, and plasma components, 
respectively. Among them, plasma components have the 
highest waste rate of blood components (0.14%), and 
whole blood has the highest waste rate (1.95%) of blood 
products.

Figure 3 illustrates the utilization and wastage percent-
ages of various blood components. Among the issued 
blood components (n = 424,197), leukocyte-reduced 
red blood cells (LR-RBC) were the most utilized (33.2%, 
140,971 units), followed by fresh frozen plasma (FFP, 
21.0%, 88,895 units) and packed red blood cells (pRBC, 
17.9%, 76,137 units). Platelet components collectively 
accounted for 16.9%, while cryoprecipitate (CRYO), 
fresh plasma (FP), washed red blood cells (washed RBC), 

and whole blood (WB) made up smaller proportions. 
In terms of wastage (n = 336), FFP had the highest rate 
(36.3%, 122 units), followed by platelet concentrates (PLT, 
15.2%, 51 units), CRYO (14.3%, 48 units), and pRBC 
(13.4%, 45 units). LR-RBC (6.8%, 23 units) and pooled 
platelets (phPLT, 3.6%, 12 units) had moderate wastage 
rates, while washed RBC, WB (2.4% each, 8 units), and 
leukocyte-reduced apheresis platelets (LR-phPLT, 1.5%, 
5 units) had the lowest rates. These findings underscore 
the predominance of LR-RBC in utilization and the high 
wastage of FFP, highlighting the need for strategies to 
minimize wastage of frequently used components.

Causes of blood wastage
In this study, we analyzed the clinical utilization and 
wastage rates of all the blood components. Table 2 lists 
the 111 events that resulted in 336 units of blood wast-
age. Our analysis shows that excessive ordering due to 
inaccurate assessments of patient conditions was the 

Table 1  Total number of blood components issued and the wastage of blood units during this study

One unit of whole blood contains 250 mL

WB Whole blood, pRBC Packed red blood cells, LR Leukocyte-reduced, phPLT Apheresis platelets, LR-phPLT Leukocyte-reduced apheresis platelets, FFP Fresh-frozen 
plasma, FP Frozen plasma, CRYO Cryoprecipitate

Blood products RBC components Platelet components Plasma components Total

n = 218,772 n = 72,024 n = 133,401

WB pRBC Washed RBC LR-RBC Platelets phPLT LR-phPLT FFP FP CRYO

Blood issue (unit) 411 76,137 1,253 140,971 34,013 17,921 20,090 88,895 13,434 31,072 424,197

Blood wastage (unit) 8 45 8 23 51 12 5 122 14 48 336

Wastage of blood product (%) 1.95 0.06 .06 0.01 0.15 0.07 0.02 0.14 0.10 0.15

WAPI (%) 0.04 0.09 0.14 0.08

Fig. 3  Blood component utilization and wastage distribution in the teaching hospital (2011–2023). The left chart shows the proportions 
of issued blood components by category (n = 424,197), while the right chart presents the wastage rates of different blood components (n = 336). 
Abbreviations: WB, whole blood; pRBC, packed red blood cells; LR-RBC, leukocyte-reduced red blood cells; PLT, platelet concentrate; phPLT, 
apheresis platelets; LR-phPLT, leukocyte-reduced apheresis platelets; FFP, fresh frozen plasma; FP, frozen plasma; CRYO, cryoprecipitate
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primary cause of blood wastage, responsible for 75 units 
(22.3%) across 18 events (16.2%). This was followed 
by the inability to reissue blood units to other patients 
before their usability period expired, which led to 56 
wasted units (16.7%) across 19 events (17.1%). Other sig-
nificant causes included ordering errors (49 units, 14.6%) 
and cases where patients died or were discharged before 
transfusion (32 units, 9.5%). When examining individual 
blood components, we found that platelet units were par-
ticularly vulnerable to wastage due to improper storage 
temperatures, with 29 units (8.6%) lost for this reason. 
Additionally, accidental piercing of blood bags led to the 
wastage of 26 units (7.7%) across 19 events (17.1%), and 
28 units (8.3%) were discarded due to expiration before 
use. These findings suggest that focusing on reduc-
ing specific types of events—such as excessive order-
ing and improper storage—could significantly impact 
overall blood wastage, as a smaller proportion of events 
accounted for a large portion of wasted units. This high-
lights the need for targeted improvements in inventory 
control, ordering accuracy, and storage compliance to 
prevent unnecessary wastage.

Utilization trends of prestorage leukocyte‑reduced blood 
products
Since 2014, the Blood Center of the Taiwan Blood Ser-
vices Foundation has been responsible for supplying 
leukocyte-reduced blood components to all medical 
facilities. In 2017, our hospital began utilizing LR-RBCs 
for clinical use. Since 2016, many facilities have transi-
tioned from using pRBCs to prestorage LR-RBCs and 
LR-phPLTs. The shift was accompanied by a significant 
decline in transfusion reactions in our hospital, par-
ticularly between 2015 and 2017. Figure 4 illustrates the 
trends in transfusion reaction rates alongside the utiliza-
tion of prestorage LR-RBCs and LR-phPLTs from 2011 
to 2023. During this period, transfusion reaction rates 

decreased markedly, from 1.8% in 2011 to 0.6% in 2023. 
The decline became more pronounced after 2015, align-
ing with the increased implementation of prestorage 
leukoreduction for RBCs. By 2023, the use of prestorage 
LR-RBCs had exceeded 20,000 units annually. Similarly, 
the utilization of LR-phPLTs steadily increased, reflect-
ing the growing adoption of this practice. These find-
ings underscore the role of leukoreduction in improving 
transfusion safety and reducing adverse reactions.

Discussion
In this study, we analyzed trends in blood utilization and 
identified the causes of blood wastage in clinical practice 
in Taiwan. The management of the blood supply chain is 
considered vital. Over the past decade, we have imple-
mented several management approaches and education 
courses that have led to a low rate of blood wastage. To 
effectively utilize blood products and reduce their wast-
age, the Blood Center and hospital blood banks jointly 
established several criteria for inventory management 
(Fig.  1). These criteria ensure that excess or nontrans-
fused blood products are returned to the blood bank for 
reassignment to other patients. We examined the utiliza-
tion trends of blood products in a hospital between 2011 
and 2023 and explored the causes of blood product wast-
age. As indicated in Fig.  2, our hospital had an annual 
average wastage rate of 0.08%, which is relatively low. 
Previous studies have reported blood wastage rates rang-
ing from 0.2% to 7% [13, 14]. The rate of blood wastage 
decreased from 0.29% in 2011 to 0.10% in 2012, reaching 
0.01% in 2016.

The Blood Transfusion Management Committee is 
responsible for ensuring safe transfusion practices and 
implementing patient management initiatives. The com-
mittee plays a key role in guaranteeing the safety and 
appropriateness of blood transfusions for patients at 
our hospital. In addition to routinely monitoring blood 

Fig. 4  Trends in transfusion reaction rates and leukocyte-reduced blood component utilization (2011–2023)
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wastage as an indicator of quality, proactive measures 
should be implemented to identify the factors contrib-
uting to such wastage. This can aid in establishing an 
effective blood management system for reducing blood 
wastage. Over the past decade, our hospital has estab-
lished several protocols for blood management, includ-
ing (1) inviting clinical physicians who have misused or 
discarded blood products to present reports and engage 
in discussions with the committee, helping to strengthen 
blood product management; (2) limiting the transfer of 
RBC products from the blood bank to the ward to one 
bag at a time, preventing excessive requests, incorrect 
orders, or unnecessary rewarming; and (3) using cooling 
containers or tote bags to transport various blood prod-
ucts, accompanied by a portable thermometer to moni-
tor storage temperature throughout the journey. This 
prevents these products from being exposed to room 
temperature for too long, thereby safeguarding their 
integrity.

Disseminating information on transfusion practices 
and educating medical staff and nurses may reduce blood 
wastage [10, 15]. At our hospital, blood wastage is caused 
in part by nurses inadvertently piercing blood bags dur-
ing transfusion procedures. To address this issue, we 
conduct transfusion courses for all clinicians and nurses 
at least twice a year and provide them with information 
on how to avoid piecing blood bags. Although limited 
evidence is available regarding the effectiveness of con-
tinuing education in reducing blood wastage, at our insti-
tution, such education has led to a reduction in blood 
wastage rates over the past decade. This suggests that 
raising awareness about blood wastage and providing 
ongoing education on transfusion practices to clinicians 
and nurses can increase vigilance and help prevent it.

Good inventory management is essential for ensur-
ing that the supply of blood components and products 
meets patients’ transfusion needs while minimizing 
wastage. Blood inventory management is a complex pro-
cess that requires coordination between a central blood 
supply center and blood banks to balance supply and 
demand. The main goal of the blood bank is to reduce 
blood wastage while maintaining a sufficient inventory 
of blood products for patients. Blood product manage-
ment involves various aspects, including external fac-
tors such as communication between the blood donation 
center and the hospital, delays in blood product deliv-
ery, and insufficient blood supply at the blood donation 
center. Internal factors include delayed delivery of blood 
products, insufficient inventory in the hospital, incor-
rect temperatures, improper rewarming of blood prod-
ucts, excessive blood orders, and personnel unfamiliar 
with blood transfusion operations. Striking a balance 
between blood component utilization and storage in the 

hospital blood bank is essential [16]. Excessive stock of 
blood products can lead to expiration and is one of the 
causes of blood wastage [6, 17]. To avoid stock excess 
and shortages, our blood bank uses fixed stock units of 
blood products to maintain its inventory. In our hospital, 
the maximum number of stock units of RBC components 
(LR-RBCs) is 1.5–2 times the amount of blood issued. 
Because platelet products rapidly degenerate, we request 
these products from the blood bank daily and transfuse 
them in the evening. For surgical patients or patients 
admitted to the intensive care unit, physicians are asked 
to order the required platelet products one day before 
transfusion. This strategy reduces the turnaround time of 
platelet components in our blood bank, helping to pre-
vent wastage.

After the implementation of LR products (LR-phPLTs, 
LR-RBCs), the frequency of transfusion reactions 
decreased in our hospital (Fig.  4). By reducing white 
blood cells in RBC components before storage, the levels 
of IL-1, IL-6, IL-8, and TNF-α may be lowered, enhanc-
ing transfusion safety [16] and mitigating advanced 
transfusion reactions and allergies in recipients [18]. In 
2014, the Taiwan Blood Services Foundation began pro-
viding LR-RBCs to all medical facilities. When prestor-
age LR-RBC products are adequately supplied for clinical 
transfusions, the frequency of transfusion reactions, such 
as febrile nonhemolytic transfusion reactions, signifi-
cantly decreases [16, 19]. Although this provision offers 
numerous benefits, the cost of LR-RBCs is approximately 
double that of non-LR-RBC products (pRBCs) (US$30.8 
vs. US$15.80, US$1 = NT$30). Given the high cost, physi-
cians may be inclined to use these valuable blood compo-
nents more appropriately. Additionally, owing to Taiwan’s 
health insurance policy and transfusion guidelines, our 
hospital did not fully incorporate LR-RBCs into clini-
cal use until 2017. From 2015 to 2017, the rate of blood 
wastage at our hospital decreased, which coincided with 
a substantial reduction in the frequency of transfusion 
reactions due to the use of prestorage LR-RBC products.

Furthermore, improving blood management can help 
reduce healthcare expenses. Physicians must admin-
ister blood components appropriately during or after 
transfusions to avoid complications, such as volume 
overload or transfusion reactions. Blood transfusions 
are a crucial aspect of modern medical care. Over 
the past decade, the demand for blood components 
has risen, likely owing increasing life expectancy and 
an aging global population. In Taiwan, a significant 
reduction in blood donations among younger gen-
erations has been observed, which is attributed to the 
declining birth rate. Currently, the supply of blood 
products nearly matches, or at times even falls short 
of, the demand. With the increasing demand for blood 
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transfusions in Taiwan’s rapidly aging society, a short-
age of blood donations is expected in the near future 
[17]. To prevent a potential blood shortage crisis, min-
imizing wastage and ensuring the effective and appro-
priate use of all blood products are crucial [20]. Under 
Taiwan’s National Health Insurance system, a single 
unit of pRBCs costs only US$15.8 (US$1 = NT$30), 
which is considerably lower than that in the United 
States (US$200–US$300) [21] and the United Kingdom 
(approximately US$38) [22]. The cost of blood prod-
ucts typically includes various operational and main-
tenance expenses, such as equipment depreciation and 
personnel salaries at blood centers, as well as utility 
costs. Other services, including donor recruitment, 
blood collection, testing, storage, and delivery to hos-
pitals, are also factored into the overall cost. Despite 
Taiwan’s lower blood product costs than those of other 
countries, physicians and healthcare staff must strive 
to avoid inappropriate transfusions and minimize 
wastage.

Conclusions
In this study, we explored the patterns of blood compo-
nent utilization and developed several strategies to miti-
gate blood product wastage. Disseminating information 
about blood wastage among clinicians and technicians in 
blood banks, as well as providing continuing education 
for all medical staff, are essential for enhancing the safety 
of blood transfusions. Physicians should use blood com-
ponents carefully to minimize wastage, especially given 
the anticipated blood shortage in Taiwan due to its rap-
idly aging population.
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