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Abstract

Background: Blood products are vital yet scarce medical resources. In teaching hospitals,
inefficient transfusion practices often result in unnecessary waste, compromising both patient
safety and healthcare costs. This study investigated the patterns and underlying causes of
unused blood products at Imam Reza Hospital, a major tertiary center in northeast Iran, with
the aim of delineating modifiable factors contributing to this issue.

Methods: This retrospective cross-sectional study extracted data from the Laboratory
Information System (LIS) and the hospital’s dashboard for the period March 2022- 2025. Blood
component reserve and return data for five large clinical departments were examined.
Results: Although the total number of returned units declined over time, the return percentage
increased in the final year, indicating persisting inefficiencies. By department, Neurology and
Gynecology exhibited the highest return percentages, while the Hematology-Oncology ward,
Intensive Care Unit (ICU), and Emergency Department reported the highest absolute numbers
of returns. Platelets were the most frequently returned product, whereas fresh frozen plasma
had the highest relative return rate. The most consistently reported reason for returns was
“Physician Decision / Order Canceled,” with returns due to “Patient Death” also showing a
gradual increase over the study period.

Conclusion: The key problem identified is that despite gradual improvements, systemic
challenges-especially poor documentation, absence of digital monitoring tools, and knowledge
gaps in transfusion handling-continue to undermine efficient blood product use. Carrying out
the proposed plan of implementing real-time dashboards, enforcing mandatory documentation,
educating clinical staff, and adopting Al-based demand prediction tools would solve these
inefficiencies, dramatically reduce waste, and enhance transfusion practices.
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Introduction

Blood products are a critical component of modern hospital care, regularly used in surgical
procedures, emergency interventions, and chronic disease management (1). Since blood
donation is voluntary and inherently limited, the wastage of any unit not only imposes financial
strain on the healthcare system but also represents a lost opportunity to treat a patient in need
(2). To ensure appropriate stewardship of this vital resource, the World Health Organization
and national transfusion services emphasize the importance of evidence-based and efficient
utilization of blood components (Clinical Transfusion Practice — WHO, 2021).

Despite global advancements, blood component wastage remains a persistent issue. In
countries such as the United States and South Korea, red blood cell (RBC) discard rates have
ranged from less than 1% to over 20%, depending on institutional policies, clinical workflows,
and logistical practices (1,3). Rising costs associated with blood collection, testing, and storage
add further urgency to minimizing unnecessary returns and discards (4). In Iran, studies have
reported alarmingly high return and discard rates for blood components, with some centers
showing return percentages as high as 25% for certain products, underscoring the urgent need
for local interventions to improve blood utilization (2).

Several factors contribute to blood wastage in hospitals. These include excessive preoperative
ordering, sudden procedure cancellations, transport-related handling errors, and failure to
initiate transfusions within recommended timeframes (1). For instance, the commonly applied
'30-minute rule'—which requires transfusion of RBC units within 30 minutes of issue—often
suffers from inconsistent application, leading to unnecessary discards (5). Additionally,
insufficient cold chain infrastructure and lack of real-time monitoring systems contribute to
high wastage, particularly in general wards and operating rooms (1). During the COVID-19
pandemic, institutions equipped with flexible, data-driven monitoring systems were better able
to adjust transfusion practices in real time and reduce unnecessary waste (4).

To mitigate these inefficiencies, multiple interventions have been proposed. These include the
use of temperature-sensitive indicators (TSIs) to monitor blood storage (5), the implementation
of digital alert systems, targeted staff education on transfusion safety, and hospital-wide Patient
Blood Management (PBM) programs (6). Some countries have revised transfusion regulations-
extending the 30-minute limit to 60 minutes based on evidence that product quality remains
intact-which has significantly reduced discard rates (7). In Iran, assigning tariffs to blood
products has been shown to improve clinician accountability and decrease unwarranted
ordering (2).

Despite the availability of these strategies, localized analyses remain essential to identify
context-specific inefficiencies. Therefore, this study aims to evaluate the patterns, causes, and
departmental distribution of returned blood products over a three-year period at a major tertiary
educational hospital in Iran. We hypothesize that the high rate of returned blood components
is primarily driven by modifiable factors-including inadequate documentation, lack of real-
time monitoring, and improper storage or cancellation protocols. By identifying department-
specific and product-specific patterns, we aim to uncover opportunities for targeted
interventions that can reduce unnecessary returns and optimize blood product utilization.

Methods

This retrospective cross-sectional study was carried out at Imam Reza Hospital, Mashhad, one
of the largest educational hospitals in northeast Iran, with the objective of investigating the
causes of non-utilization of reserved blood products. The study covered the period from March
2022 to March 2025.

Data were collected exclusively through a review of the hospital's Laboratory Information
System (LIS) and the digital dashboard used by the hospital's blood bank. These systems
provided access to detailed records of all blood products reserved during the study period,



including RBCs, plasma, platelets, and cryoprecipitate. Each record included information such
as the requesting department, the type and quantity of product, the date of reservation, and
whether the product was eventually used or returned.

The analysis focused on five primary clinical departments: Internal Medicine, Obstetrics and
Gynecology, Surgical Wards and Operating Departments, Orthopedics, and
Chemotherapy/Oncology. For each department, the rate of product utilization versus non-
utilization was calculated. Additional parameters such as the duration between reservation and
return, reasons for expiry, and frequency of cancellations were also assessed. As some return
entries lacked documented reasons, those cases were excluded from detailed cause-specific
analyses. The study concentrated on returns with available documentation to better understand
modifiable contributors to blood product wastage.

All data were organized into structured formats and analyzed using Microsoft Excel.
Descriptive statistical methods were applied to identify trends and recurring issues related to
over-reservation or logistical delays, with the ultimate goal of informing improved blood
product management and reducing wastage.

The study protocol received ethical approval from the Ethics Committee of Mashhad
University of Medical Sciences under the approval code IRRMUMS.IRH.REC.1403.244.

Results

Description of Variables

The dataset comprises retrospective data on blood product orders that were not transfused,
collected over three years (March 2022-2025). The primary variables assessed were the number
of returned products, defined as the absolute count of blood components delivered but not
transfused, and the return percentage, calculated as the number of returns divided by the total
number of units delivered, expressed as a percentage. These indicators were stratified by both
hospital section (ward) and blood product type, allowing for a multidimensional evaluation of
return patterns.

Trends across the Three-Year Period

An analysis of temporal trends revealed a progressive decline in the total number of returned
units over the three years studied. However, this trend was not entirely linear, as a modest
increase to 1.3% was observed from March 2024 to March 2025 (Figure 1).
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Figure 1. Number of returns (Left) and return percentage (Right) over the course of 3 years

Analysis of hospital sections revealed substantial variation in both the frequency and rate of
returns. In terms of absolute return counts, the Hematology-Oncology ward reported the
highest number of returns, followed closely by the Intensive Care Unit (ICU), the Emergency
Department, and the Internal Medicine ward. These departments collectively accounted for the
majority of returned blood components over the study period. When examining the average



return percentage by department, notable differences emerged. The Neurology ward exhibited
the highest mean return rate, followed by the Pediatric Cardiology and the Gynecology.
Hematology-Oncology, despite having the highest number of returns, demonstrated a relatively
low average return percentage, suggesting that its high return volume may be attributable to its

overall high transfusion activity (Figure 2).
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Figure 2. Blood product return percentage (Top) and
department

At the level of blood product types, four major categories were analyzed: red blood cell (RBC)
units, platelets (PLT), fresh frozen plasma (FFP), and cryoprecipitate (CRYO). Among these,
platelets accounted for the highest total number of returns, followed by RBC units, FFP, and
CRYO. When expressed as average return percentages across all three years, FFP had the
highest return rate (Figure 3). These values indicate that, while PLT units were most frequently
returned in absolute terms, FFP had the highest relative return rate.



Blood Product Returns by Category Blood Product Returns Percentage by
Category

)
m PLT s FFP
= RBC = RBC

u FFP
= PLT

= CRYO = CRYO

Figure 3. Overview of blood products returns (Right) and return percentage (Left) over the
course of 3 years

When evaluated by product type over the three-year span, PLT units consistently exhibited the
highest return volumes, While CRYO and FFP had lower absolute return numbers, their return
percentages-particularly for FFP-remained comparatively elevated (Figure 4).

400

361
350
299
300
2
£ 250 226
g 203
200
s - 149
e
.i; 150 134 136
E 102
100
56 65
) - I I
o [ |
PLT RBC FFP CRYO  PLT RBC FFP CRYO  PLT RBC FFP CRYO
March 2022-2023 March 2023-2024 March 2024-2025
Year
3.0
25 2.4
o 20 1.8
8 .
T 1.7
€ 1.5 1.6
-7}
S 15 12
Q .
e 1.1
< 1.0 1.0
5 0.9 )
1.0 X
] 0.8
0=
05
05 I
0.0
PLT RBC FFP FFP PLT RBC RBC PLT

CRYO CRYO FFP CRYO

March 2022-2023 March 2023-2024 March 2024-2025

Year
Figure 4. Three-year breakdown of blood product return numbers (Top) and return percentage
(Bottom)



Reasons of return

There was a gradual decline over the three years, representing a cumulative 16.5% reduction.
This downward trend suggests some level of systemic improvement or optimization in blood
product usage and request justification. However, the relative stability in the distribution of
causes warrants closer examination of the individual categories to understand persistent
challenges that will be further discussed later (Figure 5).
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Figure 5. Number of returns based on reasons in total (Top) and by year (Bottom)

A portion of returned units was categorized as ‘Not Documented,” reflecting an ongoing
limitation in data completeness. Although the absolute number of these entries declined over
the study period, their relative share of total returns slightly increased in the final year. Due to
the lack of specific recorded justifications, these cases were not included in the cause-specific
analysis. The analysis thus focused on the subset of returns with clearly documented reasons
to identify potential areas for improvement. Among the documented causes, ‘Physician



Decision / Order Canceled’ remained consistently prevalent, indicating possible clinical
reassessments or changes in treatment plans after blood products were requested. Returns
attributed to ‘Patient Death’ also showed a gradual increase, likely associated with high-acuity
situations involving critically ill patients.

Other notable but less prevalent causes include Adverse Reaction. General non-use, similarly,
shows a decreasing trend. Additional categories such as Mistakes in Request, Blood Group
Mismatch, and Surgery-Related reasons remained consistently low in frequency but are
clinically significant due to their preventable nature. Mistakes in Request increased slightly in
the third year, suggesting minor variability but no systemic deterioration. Similarly, Blood
Group Mismatch remained rare but present each year.

Discussion

Over three years at Imam Reza Hospital, the number of returned blood products steadily
declined, suggesting improvements in utilization and systemic efficiency. However, the return
percentage relative to total issued units did not consistently decrease; the final year even
showed a slight increase, pointing to unresolved inefficiencies in some departments.

Among clinical units, the Hematology-Oncology ward had the highest volume of returns,
expected due to frequent transfusions in immunocompromised patients. The ICU and
Emergency Department also had high return volumes. However, the Neurology ward exhibited
the highest return percentage, reflecting inefficiency-likely due to unclear transfusion
protocols. Pediatric Cardiology and Gynecology also had elevated return percentages, possibly
related to over-ordering for elective procedures. These findings call for targeted training and
stricter ordering policies in specific departments.

By product type, platelets were most frequently returned in absolute numbers, followed by red
blood cells (RBCs), fresh frozen plasma (FFP), and cryoprecipitate. However, FFP had the
highest return rate, suggesting frequent precautionary ordering without follow-through.
Platelets, with their short shelf life, were often returned due to delays or cancellations. RBCs,
although most frequently ordered, had relatively better utilization, likely due to controls like
Maximum Surgical Blood Ordering Schedules (MSBOS) and crossmatching protocols (1,3).
In contrast, plasma and platelets lack such robust oversight, making them prone to overuse and
waste (4,8).

Patient Blood Management (PBM), endorsed by international bodies like the AABB, offers an
evidence-based solution to transfusion inefficiencies. PBM reduces unnecessary transfusions
and improves patient outcomes (9—11). It also emphasizes interprofessional collaboration
between clinical and laboratory staff (12,13). While RBC use is often audited using the
crossmatch-to-transfusion (C/T) ratio (14), plasma and platelets lack parallel tools. Introducing
metrics like transfusion trigger compliance, post-transfusion effectiveness, and return rate
audits can extend PBM principles to all blood components.

Improper handling of returned units also contributes to wastage (15). For example, refrigerating
platelets-meant to be stored at room temperature with agitation (16,17)-renders them unusable.
Such errors, often due to poor training, make products ineligible for reissue (18,19). Preventing
this requires staff education on proper storage, clear return protocols, and limiting unnecessary
issue of products in the first place.

When broken down by reasons of return, the most common cause was “Physician Decision /
Order Canceled,” often linked to last-minute clinical changes without timely notice to the blood
bank. Elective surgeries were frequently postponed or canceled without informing transfusion
services. These lapses lead to avoidable product returns and highlight the need for better
coordination (5,6).

In teaching hospitals, these issues are magnified by the presence of rotating trainees.
Inconsistent ordering habits and insufficient documentation by residents can cause systemic



inefficiencies. Reinforcing documentation standards, improving communication, and
enhancing supervision can reduce such preventable errors (5,15).

Another common reason for returns was “Patient Death,” which slightly increased over the
study period. Although some of these are unavoidable, many reflect premature ordering for
critically ill patients with poor prognoses. Multidisciplinary planning, especially in palliative
cases, can reduce such waste.

Less frequent but serious return causes included “Mistakes in Request” and “Blood Group
Mismatch.” Though rare, they indicate critical protocol failures. Preventing these errors
requires comprehensive staff training, system-based safeguards like LIS alerts, and double-
checking mechanisms (4).

To tackle these challenges, hospital-wide digital interventions are vital. Tools such as
transfusion order alerts, mandatory return documentation, and real-time dashboards can
enhance accountability. Assigning clear responsibility for each transfusion order, alongside
regular audits, promotes compliance and reduces waste.

Our findings also provide a valuable perspective on blood product management within Iran,
revealing significant regional variation. The overall return percentage in our hospital, which
fluctuated between 1.1% and 1.5%, compares very favorably to other published reports. For
instance, a study in Qazvin province hospitals found an average wastage rate of 9.8% for all
blood products, with packed red cell wastage in individual hospitals ranging from 1.93% to as
high as 30.7% (20). This contrasts sharply with our results, as does an earlier report from
Kerman province, which also noted alarmingly high return rates of up to 25% for certain
products (2). The significant difference suggests that while our institution has its own
inefficiencies, our baseline blood management protocols may be more effective than those in
other domestic centers. This highlights a significant variability in transfusion practices across
the country and underscores the urgent need for standardized, national-level guidelines to
reduce waste.

These challenges with variability and inefficiency are not unique to Iran; similar studies in
other teaching hospitals worldwide have also linked higher wastage to inexperience among
trainees and the absence of real-time data tracking or feedback. For example, Taichung Tzu-
Chi Hospital in Taiwan—an academic medical center—found that a significant portion of
wastage was caused by excessive or inappropriate orders and staff unfamiliarity with
transfusion procedures, emphasizing the need for better education and monitoring systems (15).
Similarly, UCSF-affiliated hospitals in the U.S. reduced inefficiencies by using web-based
dashboards to monitor blood inventory and cooler status in real time (21). Our findings also
identify platelets and plasma as the most frequently wasted products. At the University of
Maryland Medical Center, R-based dashboards enabled rapid adjustments in transfusion
volumes during COVID-19 (4). In contrast, our retrospective, manual approach lacks
predictive tools and real-time oversight.

Emerging technologies like artificial intelligence (AI) and machine learning present promising
solutions. These tools can forecast demand, flag high-risk return scenarios, and optimize
inventory using historical and real-time data (22). Studies show that Al can improve the C/T
ratio, reduce inventory needs, and lower wastage without affecting patient care (23,24).
Predictive systems could even warn clinicians when an order is unlikely to be used, supporting
smarter stewardship practices.

By delineating these issues in detail, we propose a foundation for strategic interventions that
are both feasible and impactful. Key among these is the development of demand-prediction
models based on statistical forecasting for plasma and platelets, moving beyond reliance on
traditional MSBOS-style templates. Regular education and training on transfusion practices,
with an emphasis on the appropriate storage and handling of returned units, are also essential.
Moreover, strengthening accountability through mandatory documentation and clear



communication for each returned unit—alongside follow-up by transfusion medicine
personnel-can help mitigate waste. To enhance oversight, we recommend implementing digital
dashboards to monitor real-time blood usage trends and trigger audits in high-return
departments. Finally, the adoption of predictive technologies such as Al and machine learning
can assist in accurately forecasting product needs and guiding order volumes, particularly in
smaller or resource-limited hospitals.

Moving forward, prospective studies and implementation trials will be essential to validate
these strategies and support their integration into hospital-wide blood management programs.
Strengthening transfusion accountability, particularly within educational institutions, holds the
potential to significantly reduce blood product wastage while improving patient care and safety.

Conclusion

Although progress has been made in reducing total returns at Imam Reza Hospital, significant
challenges remain particularly due to its educational environment, lack of digital tools, and
frequent misuse or mishandling of returned products. Unlike centers that employ real-time
analytics and Al-based forecasting, our institution relies on delayed, manual audits. Future
efforts must focus on minimizing both the rate and risk of returns by integrating technology,
standardizing protocols, and fostering a culture of accountability. With these changes, we can
better preserve our limited blood resources and improve patient safety.
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