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ABSTRACT

Validation of the Blood Product Transportation 
Process with a Stable Temperature of 2-10ºC

Nurjanah1*

Introduction: Blood and blood products play an essential role in health care. Availability, security, and easy access to blood 
and blood products must be guaranteed. The quality of blood and blood components depends on the starting materials, 
packaging materials, processing, quality control systems, premises, equipment, and facilities used, and personnel involved, 
including the cool box's internal temperature. This study aimed to evaluate the validation of the blood product transport 
process with a stable temperature of 2-10ºC.
Methods: This semi-experimental descriptive study was conducted from 12 October to 28 December 2021 at the Blood 
Donation Unit, Indonesian Red Cross, Bandung City, and affiliated hospitals. Blood products were transported using cold 
boxes with ice packs, tested under varying distances and capacities, each repeated three times. Temperatures were recorded 
and compared against the 2–10°C regulatory standard. Validation included documentation, measurement, and reporting, 
with data analyzed descriptively. 
Results: Based on data collection and analysis, all sample temperature measurements remained within the acceptable range 
of 2–10°C across all test configurations. The lowest recorded temperature was 3.8°C, and the highest was 6.3°C. These values 
were obtained across both minimum and maximum capacity settings, and during transport to both near and far destinations. 
Ambient room temperatures during testing ranged from 22.8°C to 28.0°C.
Conclusion: The temperature remained within the acceptable standard. Therefore, the validation of the blood product 
transportation process with a stable temperature of 2–10ºC was deemed valid.
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INTRODUCTION
Blood transfusions in clinical practice 
are administered based on specific 
indications. They may involve various 
components, including whole blood, 
packed red cells (PRC), washed 
erythrocytes (WE), platelets, fresh frozen 
plasma (FFP), and cryoprecipitate. To 
ensure optimal therapeutic benefit for 
recipients, the storage, handling, and 
compatibility testing of blood products 
must be performed in strict accordance 
with established guidelines. The primary 
objectives of blood transfusion are to 
restore and maintain adequate circulating 
blood volume, correct deficiencies in 
cellular components, enhance tissue 
oxygenation, and support homeostatic 
functions.1

Blood transfusion is a medical 
procedure involving the transfer of blood 
or blood components from a donor to 
a recipient, often providing critical or 

even life-saving benefits. Blood and its 
derivatives play a vital role in healthcare 
delivery, making their availability, safety, 
and accessibility essential. In line with 
the resolution of the World Health 
Assembly on May 21, 2010, concerning 
the availability, safety, and quality of blood 
products, achieving self-sufficiency in the 
national supply and ensuring product 
safety are key objectives of health systems.2 
Therefore, this study aimed to evaluate 
the validation of the blood product 
transportation process, specifically 
assessing whether temperatures remained 
stable within the recommended 2–10ºC 
range.

METHODS
This semi-experimental study employed a 
descriptive design and was conducted by 
transporting blood products to various 
hospitals, followed by the collection and 
analysis of temperature data. The recorded 

transport temperatures were subsequently 
evaluated in accordance with the reference 
thresholds specified by the Indonesian 
Minister of Health Regulation No. 91 
of 2015 on Blood Transfusion Service 
Standards.

The study took place at the Indonesian 
Red Cross (Palang Merah Indonesia, 
PMI) Blood Donation Unit in Bandung 
City, as well as in selected hospitals across 
Bandung and West Java, from 12 October 
to 28 December 2021. The samples 
included blood transport cold boxes 
and ice packs used for maintaining the 
required temperature. Cold boxes were 
categorized based on destination distance 
(nearest and furthest) and capacity 
(minimum and maximum load). Each 
configuration was tested in triplicate, and 
results were considered valid if the internal 
temperature during transport remained 
consistently between 2–10ºC.

The validation process comprised six 
key steps: (1) developing the validation flow, 
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(2) preparing supporting documentation, 
(3) establishing validation protocols, (4) 
scheduling the testing, (5) conducting 
data analysis, and (6) compiling a final 
validation report. All data were processed 
and analyzed using Microsoft Excel and 
presented in tabular and narrative formats. 
The temperature measurement design is 
illustrated in Figure 1.

RESULTS
Based on data collection and analysis, all 
recorded transportation temperatures, 
whether for the nearest or furthest 
destinations, remained within the 
acceptable range of 2–10°C, as stipulated 
by the Indonesian Minister of Health 
Regulation No. 91 of 2015 on Blood 
Transfusion Service Standards. The lowest 
recorded temperature was 3.8°C, while 
the highest was 6.3°C. These findings 
indicate that the transportation process 
consistently met regulatory temperature 
requirements across all test conditions. 
Detailed temperature measurements are 
presented in Table 1.

DISCUSSION
This study reported that all transported 
blood samples remained within the optimal 
temperature range of 2–10°C, consistent 
with current international guidelines for 
the preservation of blood product viability. 
This finding aligned with previous studies 
demonstrating that rigorous cold chain 
maintenance, supported by validated 
containers and temperature monitoring, 
ensures the stability and clinical safety 
of blood components during transit.3–5 
Notably, Tiwari et al. (2015) emphasized 
the importance of irreversible temperature 
indicators in confirming uninterrupted 
cold chain integrity, while Aalaei et al. 
(2014) highlighted that up to 12% of 
transports without real-time monitoring 
exhibited temperature deviations.6,7 

In contrast, a cross-sectional study by 
Aalaei et al. (2019), which continuously 
monitored 100 red blood cell (RBC) units 
using embedded temperature sensors 
during real-world transport and storage, 
revealed that 10% of the 121,262 recorded 
temperature data points exceeded the 
acceptable temperature thresholds of 
1–6°C for storage and 1–10°C for transport. 

Figure 1. 	 Temperature measurement design in the cool box

Table 1. 	 Cool box temperature measurement results

Sample code Destination 
Distance

Cool box 
capacity

Highest average 
temperature

Average room 
temperature

A Nearest Minimum 4.3 27.2
Maximum 4.4 27.2

Furthest Minimum 4.8 26.3
Maximum 4.4 26.3

B Nearest Minimum 3.8 22.8
Maximum 3.8 25.7

Furthest Minimum 6.2 22.8
Maximum 6.2 25.7

C Nearest Minimum 6.1 24.5
Maximum 5.5 23.6

Furthest Minimum 6.3 26.6
Maximum 5.8 25.9

D Nearest Minimum 5.3 28.0
Maximum 5.3 28.0

Furthest Minimum 4.6 25.2
Maximum 4.7 25.2

Notably, 65% of these temperature 
deviations occurred during storage in 
the blood bank itself, highlighting that 
breaches in the cold chain are not limited 
to transit, but may originate at the point 
of dispatch. Additional violations were 
observed in the operating room (17.3%), 
during transportation (12.6%), and in 
the intensive care unit (5.3%). Recorded 
temperatures ranged from as low as 0°C to 
as high as 19.5°C, surpassing safety limits 
and placing blood product integrity at 
risk. These findings underscore systemic 
vulnerabilities in temperature regulation 
across multiple stages of the transfusion 
chain. The study also emphasized that 
conventional visual assessments by 
personnel often fail to detect thermal 
excursions, advocating for continuous 

temperature monitoring devices to 
mitigate unnoticed degradation and 
potential clinical harm.8

Validating blood transportation 
processes is crucial because temperature 
instability can lead to a cascade of adverse 
effects, including biochemical degradation 
and severe clinical complications. Elevated 
temperatures accelerate hemolysis, ATP 
depletion, and denaturation of coagulation 
factors such as Factor V and VIII, while 
sub-thermic exposures increase the risk 
of cryohemolysis.9,10 These alterations 
compromise the functional integrity and 
therapeutic efficacy of blood products, 
often resulting in increased transfusion 
demands and elevated healthcare costs.11–13 
Moreover, temperature excursions 
can facilitate bacterial proliferation 
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(Escherichia coli and Staphylococcus 
aureus), significantly heightening the 
risk of transfusion-transmitted infections 
and potentially life-threatening sepsis, 
especially in platelet concentrates stored at 
room temperature.14

Several contemporary methods and 
technologies have been proposed to 
strengthen validation processes. For 
example, closed insulation systems and 
portable containers like the Golden Hour 
Box (GHB) have demonstrated efficacy in 
maintaining target temperatures for up to 
100 hours, even in extreme environmental 
conditions.5 Similarly, temperature-
sensitive indicators also provide visual 
confirmation of cumulative thermal 
exposure. Advancements in sensor 
technology, such as dual-mode resonant 
labels and microfluidic temperature-
triggered frequency shifts, have further 
increased the precision and sensitivity 
of transport validation. More recently, 
predictive analytics using machine 
learning algorithms have been developed 
to anticipate temperature excursions based 
on route data and environmental inputs, 
enabling preemptive mitigation through 
early-warning systems.4,13,15

Despite technological advances, 
challenges persist in implementing 
universal standards across diverse 
settings, especially in remote or resource-
limited regions, which often rely on 
iceless containers and extended-duration 
insulation strategies to compensate for 
harsh or unpredictable environmental 
exposures.8

CONCLUSION
The validation of the blood product 
transportation process at the Indonesian 
Red Cross of Bandung City was found 
to be valid and in full compliance 
with the requirements set forth in the 
Minister of Health Regulation No. 91 
of 2015 concerning Blood Transfusion 
Service Standards. As all temperature 
measurements remained within the 
acceptable range, no revalidation 
is required. Therefore, the existing 
standard operating procedures for blood 

transportation may continue to be applied 
effectively within the Bandung City 
healthcare system.
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