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Abstract The process of storage and transportation of the

red blood cells (RBCs) out of the standard temperature

range lead to some biochemical reactions. Infusing inap-

propriately stored RBCs may cause severe complications.

The main objective of this study was to investigate the

RBC bags’ temperature during the transfusion chain

including storage, transportation, and transfusion. A cross-

sectional study was performed on 100 RBC bags that were

sent from the blood bank to the cardiac surgical intensive

care unit (CSICU) and the operating room (OR). To record

the temperature of RBCs, a temperature monitoring device

was attached to each bag of RBCs that were transported

from the blood bank to the CSICU and the OR. The stored

temperature samples in the devices related to different

stages were separated. Finally, the normal and non-normal

samples of each phase were segregated based on the

current guidelines. The results indicated that 10% of

121,262 recorded temperatures samples (per 2 min) were

out of the standard range. Of these, 65, 17, 13, and 5% of

samples were related to the blood bank, the OR, trans-

portation, and the CSICU, respectively. The minimum and

maximum temperatures were 0 �C and 19.5 �C that were

below and above the standard, respectively. In the light of

findings of the present study, different stages of blood

transportation and storage suffer a number of shortcom-

ings, which are more evident in the blood bank. Thus, it is

recommended to better manage blood transfusion chain

from the blood bank to hospital wards so as to avoid the

inadvertent and undesirable consequences of blood trans-

fusion. Because various judgments made by the personnel

about the status of blood bags are subjective, a temperature

monitoring device can be employed to better monitor the

blood transfusion process and compensate for the errors

unnoticed by the personnel.

Keywords Transfusion � Red blood cell � Blood quality �
Inappropriate temperature

Introduction

Blood cold chain is an organized process for blood storage

and carriage in a secured manner from the time blood is

received from the donor till the time it is transfused to the

patient. Because of the fact that blood is a biological

material, it is vital to keep it in a cold environment to

preserve the viability feature and improve the hematologic

condition of the patient [1]. The process of storage and

carriage of the red blood cells (RBCs) out of the standard

temperature range leads to some biochemical reactions.

These reactions cause the blood to lose the ability to carry
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oxygen and carbon dioxide to/from tissues while trans-

fusing the blood [2]. One of the main reasons of preserving

blood in the standard temperature is to minimize the bac-

terial growth. If blood is kept beyond the higher defined

limit, even for a short period of time, the bacteria that are

infiltrated into blood from the donor will quickly grow and

propagate [3]. On the other hand, keeping blood in a

temperature less than the defined lower limit might damage

the membrane with resultant hemolysis that will increase

mortality and morbidity [4]. Thus, it is absolutely neces-

sary to monitor the temperature changes of blood products,

characterize the potent failure locations, investigate the

influential reasons and modify them. This can prevent

adverse events including death, development of organ

failure, infection, and long hospitalization.

Based on major European and American guidelines, the

temperature of RBC bags must be between 1 and 6 �C
while storing and between 1 and 10 �C while carrying

[5–7]. Therefore, various researches were conducted to

examine the temperature monitoring instruments and their

application in order to investigate the storage and trans-

portation condition of blood products [8–11]. It has been

demonstrated that these instruments lead to better decision

making in comparison to time-based rules and therefore

prevent the unnecessary and expensive process of dis-

carding the RBC bags.

By comprehending the importance of the blood trans-

fusion process and the probable issues in the storage and

transportation stages, the objective of this study was to

investigate the RBC bags’ temperature during the transfu-

sion chain including storage, transportation, and

transfusion.

Materials and Methods

Study Design

In a cross-sectional study, the RBC bags that were to send

from the hospital blood bank to the cardiac surgical

intensive care unit (CSICU) and/or the operating room

(OR) were investigated regarding their temperature in an

academic hospital located in Mashhad, Iran, in a thirty-day

period in winter 2015. The recipients were examined for

possible non-immunological hemolytic reactions during

and after the blood transfusion.

Sample Size

The sample size in 90% confidence interval, P = 0.05 and

d = 10% was estimated roughly at 100. The parameter P

examines the ratio of the problem existence in the popu-

lation. Here the value of P was considered at the worst

condition so that the maximum sample number was

obtained:

n ¼ Z2P 1 � Pð Þ
d2

ð1Þ

It is worth mentioning that samples were selected by

convenience sampling.

Outcome Measurement

The main purpose of the present research was to investigate

the blood transfusion chain in terms of temperature fluc-

tuations, identification of stages prone to errors and plan-

ning to improve them. To achieve this objective, the time

duration for which the blood bags were stored at an

improper temperature in different phases was recorded

using a temperature monitoring device. Moreover, the rate

of non-immunological hemolytic reactions was analyzed

due to the non-standard temperature of blood at the time of

transfusion. Thus, in case hemolytic symptoms such as

fever, bone pain, pallor and hematuria emerged, hemolysis

parameters were examined in the laboratory.

Instruments

A temperature monitoring system was developed by the

research group for this study and was used to monitor the

temperature of RBCs [10]. As shown in Fig. 1, this device

was attached to individual RBC bags that were transported

from the blood bank to the CSICU and the OR. The tem-

perature monitoring system was equipped with an accurate

sensor and a memory chip to save the recorded temperature

in the specified time interval (one per 2 min). One of the

main features of this system is that it compares the recor-

ded temperatures with the standard range and declares

appropriate warning messages. In this study, the alarm

capability of the device was disabled and only the RBC

temperature during storage and transportation was recorded

on the embedded memory chip. Finally, after blood trans-

fusion or return to the blood bank, the temperature moni-

toring device data was transferred to a computer system for

further analysis.

To evaluate the accuracy and precision of the device, a

laser-thermometer was used (precision of ± 1 �C) as well

as a digital thermometer (precision of ± 1 �C) and a

HANNA (model number: HI 98509) digital thermometer

(precision of ± 0.2 �C). HANNA digital thermometer

enjoys a high precision and was, therefore, used as the

evaluation gold standard. To meet this objective, in the first

phase of the evaluation, standardized blood bags were filled

with water and refrigerated so as to simulate natural con-

ditions for blood storage. Then, in different scenarios, the

temperature of water was measured and recorded using our
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temperature monitoring device and the HANNA digital

thermometer. In the second phase of evaluation, the

expired blood bags were used to measure blood tempera-

ture in different scenarios using our temperature monitor-

ing device and the HANNA digital thermometer. In light of

the findings of our evaluations (mean temperature differ-

ence between the monitoring device and that of the

HANNA digital thermometer), the device was calibrated so

as to achieve the least difference between our device and

the HANNA digital thermometer.

In order to develop the possibility of reexamination of

the data recorded in the temperature monitoring devices, a

follow-up form was designed based on the different stages

that the RBC bag passed from the blood bank center to the

transfusion unit or returning to the blood bank. In this form

the demographic data of the patient, the RBC bag data, the

data of the device attached to the RBC bag, the time of

entrance and exit of each bag going through various stages

of storage and carriage and also the consequences of

transfusion were recorded. After the data entry was com-

pleted, the form was attached to the bag.

Implementation Process

Investigating the RBC Bags’ Temperatures

There were six stages of transportation and storage for each

blood bag: storage in the blood bank, transportation from

the blood bank to the OR, storage in the OR, transportation

to the CSICU if not used in the OR, storage in the CSICU,

and finally transportation to the blood bank if not used

(Fig. 2).

• After receipt of request for RBCs by the open heart

surgery department, the blood bags with compatible

blood groups were selected from the refrigerator. The

cords were separated from the blood bag and the cross

match was initiated. After cross match, the device was

attached to the RBC bag and was turned on. The bag’s

unit number and the device number were recorded in

the follow-up form attached to the blood bag. The

blood bags were returned to the refrigerator in the blood

bank.

• The next day when delivering blood bags to the

operating room, the exit time of the bag from the blood

bank was recorded in the follow-up.

• While delivering the blood bag to the operating room,

the exact time was recorded in the attached form.

• Before transfusing the blood bag to the patient, the

device was turned off and the transfusion time was also

recorded.

• Concerning the non-transfused bags that were leaving

the operating room, the exit time from the operating

room and the delivery time to the CSICU were

recorded.

• If the bag was transfused in the CSICU, the device

would be turned off and the transfusion time would be

recorded.

• In the case that the blood bag was not used in the

CSICU, it was sent to the blood bank and the sending

time was recorded.

• In the blood bank, the delivery time of the blood bag

was written and the device was turned off.

It should be noted the relevant personnel were unaware

of the aim of the study, how and why the device worked.

They were only trained how to turn on and off the device

and how to complete the form.

Investigation of the Fridge Performance

After the data analysis regarding the temperature of the

RBC bags and exploitation of the non-standard temperature

and their location, we decided to investigate the tempera-

ture of the fridges inside the blood bank, the OR and the

CSICU. Thus, the temperature monitoring devices were

installed in different levels of fridges for a week to monitor

the temperature continuously. It should be noted that cal-

ibration and qualitative control of all equipment including

the fridges was done regularly according to standard

operating procedure (SOP). This procedure was done

before the study began too.

Fig. 1 Temperature monitoring

device attached to a blood bag
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Taking bags out of the fridge for cross match 
test

Blood Request

Attaching temperature monitoring device to 
blood bag and entering required information in 

the form

Returning blood bag to the fridge and storing 
them in the blood bank

Transferring blood bag to department of heart 
surgery

Storing in fridge of operating room

Was the blood bag 
transfused to 

patient during the 
surgery?

YesBefore transfusion, temperature 
monitoring device detached from bag 

and turned off 

Transferring blood bag to CSICU

Storing in fridge of CSICU

Yes

Returning to blood bank

No

Was the blood bag 
transfused to 

patient during the 
surgery?

Before transfusion, temperature 
monitoring device detached from bag 

and turned off 

Before transfusion, temperature 
monitoring device detached from bag 

and turned off 

No

Fig. 2 Flowchart of transfusion

chain using temperature

monitoring device
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Data Analysis

Using the follow-up form of each RBC bag and the times

recorded, the stored temperature samples in the device

related to different stages were categorized and separated.

The sum of the samples regarding transferring from the

blood bank to the OR, from the OR to the CSICU and from

the CSICU to the blood bank was considered as the

transferring samples.

Figure 3 demonstrates a sample of extracted fig-

ures from the devices attached to the RBC bags.

As it is seen in the first step, there was a delay from the

time the device was turned on till it was attached to the

RBC bag that caused the system to report the room tem-

perature. In order to erase the invalid data, the first 10

samples recorded in the device which were 20 min were

deleted. In the final step by using the transfusion time

recorded in the follow-up form, the invalid data after it was

erased.

Finally based on the guidelines used in the studied

center (1–6 �C while storing and 1–10 �C while transfer-

ring) the normal and non-normal samples were segregated.

Also the non-normal samples were categorized into 3 main

parts naming temperature under 1 �C, temperature above

6 �C and temperature above 10 �C.

Results

Investigating the RBC Bags’ Temperatures

The temperature monitoring devices since the turning-on

time recorded the temperature of the RBC bags every

2 min continuously. From the 121,262 recorded samples,

the temperature of 109,244 samples was in the standard

range and 12,018 (10%) samples were out of it (Table 1).

Using the non-normal samples in each stage and all the

non-normal samples combined, the ratio of the non-normal

samples in each stage to all of the non-normal samples was

calculated (Fig. 4).

Because of the fact that the time period the RBC bags

were in each phase was different for each bag, the critical

condition of each phase was established based on the

duration of each time period. Therefore the ratio of non-

normal data of each phase was calculated relative to the

whole data of the respective phase. The percentage of non-

normal samples of each stage to the whole samples of the

same stage is shown in Fig. 5.

The observation of the recorded samples showed that the

minimum temperature 0 �C belonged to the OR and the

maximum temperature 19.5 �C belonged to the blood bank

(Table 2).

Investigation of the Fridge Performance

The observation of the recorded samples showed that not

only the fridge temperature was out of the standard range

for suitable preservation of the RBC bags, but also suffered

from alternative fluctuations that consequently affected the

RBC bags. Also the temperature of the bags was different

in each level of the fridge. Figure 6 shows the recorded

temperature in each level of the OR fridge. Analyzing this

figure determined that temperature changes of this fridge

had the alternative period of 36 min ranging from - 1.5 �C
to 7.5 �C, both of which out of the standard range for

safekeeping the RBC bags.

None of the patients showed any hemolytic reaction

symptoms during the study period. So, further laboratory

evaluations to determine the hemolysis parameters were

not performed.

Fig. 3 The temperature

recorded by the monitoring

device related to a RBC bag.

The illustrated steps in the

figure are as follows: (1)

Attaching the device to the RBC

bag and storing in the blood

bank fridge. (2) Exiting the

RBC bag from the blood bank

and transferring to the OR. (3)

Storing in the OR fridge till the

transfusion time (4) Transfusing

the blood and detaching the

device from the bag and turning

it off
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Discussion

Our study showed that 65% of samples with out of standard

temperature were related to the blood bank. According to

the ISO15189 standard which is related to the medical

laboratory requirements, the blood bank is responsible for

keeping the blood product quality stored or sent for

transfusion. One of the requirements is supervision of

controlling the blood cold chain [12]. Insufficiency of

personnel to do the blood compatibility tests and therefore

the existence of the RBC bags out of the fridges for a long

time, is the most important reason known in this study that

made the blood bank to be in top of the list not following

the standards in the blood cold chain. As it is mentioned in

other studies as well, providing equipment for hospitals’

blood bank centers, skilled personnel and defining standard

instructions are among the effective parameters on exe-

cuting the cold chain [13].The result of Heitmiller et al.

showed that 87% of wasted RBCs were caused by inap-

propriate temperature during storage and transportation.

Inadequate knowledge and education of the staff, lack of

accountability, inappropriate transportation equipment, and

temperature monitoring devices, are declared as the

important factors which affected the RBC wastage. The

interventions (sigma methodology) conducted by the

investigators resulted in a decrease of RBC product

wastage from 4.4 to 2% [14]. In another study, the

implementation of a feedback-based intervention to

increase the awareness of the staff of critical conditions has

improved conditions of blood storage and transport [15].

The results also showed that the OR is the second place

where the standards for blood preserving temperature are

not addressed suitably. The reason why the temperature of

the RBC bags has been out of the range in the OR and the

CSICU was lack of periodic inspection of blood product

Table 1 The number of normal and non-normal samples in various stages

Total Blood bank Operating room CSICU* Transportation

No. all samples 121,262 26,285 (21.6%) 30,855 (25.5%) 60,117 (49.6%) 4005 (3.3%)

No. normal samples 109,244 18,504 (17%) 28,775 (26.4%) 59,477 (54.4%) 2488 (2.2%)

No. non-normal samples 12,018 7781 (64.8%) 2080 (17.3%) 640 (5.3%) 1517 (12.6%)

*CSICU Cardiac surgical intensive care unit

65% 

17% 

5% 

13% 

Blood Bank Operating Room CSICU Transportation

Fig. 4 The percentage of the non-normal samples of each stage to the

whole non-normal samples
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Fig. 5 The percentage of non-normal samples of each stage to the

whole samples of the same stage

Table 2 Minimum, maximum

and average of blood bag

temperature in �C

Blood bank Operating room CSICU* Transportation

Minimum 2.5 0 0.5 1

Maximum 19.5 19 17 16

Average 6.2 5 4.1 5.4

*CSICU Cardiac surgical intensive care unit

Indian J Hematol Blood Transfus (Apr-June 2019) 35(2):304–312 309

123



storage equipment in these wards. Using non-standard

fridges caused alterations in the fridges’ thermostat out of

the standard range. The effect of these alterations on the

RBC bags kept in the OR and the CSICU fridges had

caused the temperature of the RBC bags to drop as low as

0 �C. Temperatures less than the lower end of the standard

range could lead to hemolysis and deadly reactions for the

patient. As it has been emphasized in other studies,

refrigerators should be equipped with a continuous tem-

perature monitoring device with an alarm capability to

detect marked fluctuations [16].

Another result worth mentioning is the increase in the

RBC bag temperature while transferring. It can be claimed

based on the RBC bag temperature figures that there has

been increases in temperature while transferring from the

blood bank to the OR, from the OR to the CSICU and from

the CSICU back to the blood bank. The usage of non-

standard cool boxes or the transport of RBCs together with

patients between the OR, the CSICU or other wards might

cause transportation of RBCs outside the specific defined

temperatures. Rising awareness of related staff through

providing general information on proper handling of blood

products can be effective in reducing blood wastage, as has

been noted in other studies [17]. The unit volume, bag

width, transferring duration, fluctuation in ambient tem-

perature during transport, the different characteristics and

types of cooling boxes including the size and the insulators

used in the box production, using coolants like ice pack-

ages and the number of RBC bags in the box are suggested

among the known factors for controlling the cold chain for

carriage [8, 9, 18–22].

However published studies demonstrated that RBC units

are associated with a greater degree of hemolysis and septic

transfusion reactions when exceeding defined temperature

[23–25]. Investigation for the hemolytic consequences of

non-standard blood temperature was not performed

because of the few number of samples and the limited time

for the study. It is expected that by investigating more

samples and long follow-ups, the consequences of
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hemolysis due to keeping the RBC bags in non-standard

conditions might be discovered.

In the present study, an uninterrupted temperature

monitoring device was used that, compared to available

technologies such as temperature and time/temperature

tags, possessed more capabilities. For instance, unlike

available tags, this device detected and recorded upper and

lower bound exit temperatures, simultaneously. Also,

uninterrupted reporting of the RBC bag temperature inside

the provided storage memory and illustrating it as a dia-

gram provided the capability to characterize temperature

alterations. The temperature alterations during blood stor-

age and transportation, even in the standard range, can

decrease blood quality. So, as mentioned in other studies,

the temperature changes should be monitored and docu-

mented using temperature monitoring equipment placed on

blood bags [26]. Using temperature monitoring systems

with alarm capability as a decision support system in

unsuitable temperature conditions can be helpful to detect

critical conditions before and after blood corruption and

prevent the use of corrupted blood bags. Numerous studies

have been conducted on the use of decision support sys-

tems for healthcare applications. Decreasing medical

errors, increasing preventive care services and improving

the tendency towards caring standards are among the

benefits provided by clinical decision support systems

[27–29].

We demonstrated that a considerable percentage of the

RBC bags confront non-standard temperatures at the stor-

age time and carriage time and this requires some modifi-

cations in transfusion process. The effect of different

interventions on reducing the blood products wastage

suggested in several studies can be used to improve the

current condition [14, 17, 30, 31]. The effects of inter-

ventions such as using critical condition warning systems

on the blood bag, replacement or maintenance of old

equipment, reporting the errors to the corresponding

supervisors and modify them can be investigated in future

studies.

Limitations

Our study had several limitations.

1. It is possible that the blood product from the produc-

tion time till consumption confronts different scenarios

with various temperature conditions. Thus it is vital to

monitor the product temperature starting from the

production time and being uninterruptedly continued

till the consumption time or corruption. In this study

because of the limited number of temperature

monitoring devices, just the RBC bags that were sent

to the open heart surgery ward were investigated.

2. The temperature monitoring device just like other

available instruments is able to check the surface

temperature of the bag [32]. However, this issue exists

in other instruments including body thermometers as

well [33–35].

3. Turning on the device before attaching it to the RBC

bag and turning it off after detaching it from the bag

leads to reporting the room temperature. In this study,

in order to omit the invalid data, a process called data

cleaning was applied manually. In order to solve the

problem of reporting invalid data, a method should be

used that just after the detachment of the device from

the RBC bag it would be stopped.

Conclusion

In the light of findings of the present study, different stages

of blood transportation and storage suffer a number of

shortcomings, which are more evident in the blood bank.

Thus, it is recommended to better manage blood transfu-

sion chain from the blood bank to hospital wards so as to

avoid the inadvertent and undesirable consequences of

blood transfusion. Because various judgments made by the

personnel about the status of blood bags are subjective, a

temperature monitoring device can be employed to better

monitor the blood transfusion process and compensate for

the errors unnoticed by the personnel.
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