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Abstract 

Background Inventory managers in the blood supply chain always endeavor to provide their clients with prompt 
and appropriate responses. On the other hand, timely and regular blood deliveries to consumers are essential 
since ineffective delivery and transportation practices promote shortages, returns, blood loss. The paper attempted 
to develop an extensive and integrated optimal model of blood transfusion network logistics management by blood 
type to reduce the cost of losses, returns, and blood shortages given the relevance of this for the blood transfusion 
network.

Methods The regional blood transfusion network in Khorasan Razavi, which contains one main base, six central 
bases, and 54 hospitals, should be constructed using the optimal model for blood inventory management and distri-
bution. A reusable simulation process was used to identify the optimal behavior for the inventory of all participants 
in the region (central bases as suppliers and hospitals as consumers), and the demand of hospitals as consumers 
has been calculated using artificial neural networks. This will lead to a significant reduction of returned blood units 
by consumers, optimal management of suppliers’ and consumers’ inventory to prevent waste and shortages. The 
routing method was used to proceed with the designed model and look into the optimal strategy to distribute blood 
requested by the consumers. with the aim of reducing the cost and increasing the speed of transportation.

Results The model’s solution allowed for the estimation of the amount of consumers’ demand, the optimal 
amount of target stock, the central bases and hospitals’ reorder points, as well as the method of distributing blood 
from the supplier to its consumers. Implementing the model leads to outcomes such as reducing the time of blood 
transfer from the central bases to their consumers, increasing the speed of blood delivery to the consumers, increas-
ing the average stock of blood in the central bases, reducing the accumulation of distribution machines at the loca-
tion of the central bases, the amount of stock, the method for requesting, consuming, and storing blood, and the per-
formance of the central bases’ consumers all affect how much control they have over them.

Keywords Blood logistics management, Three-level blood transfusion network, Simulation, Neural network

*Correspondence:
Monireh Ahmadimanesh
m.ahmadimanesh@sadjad.ac.ir
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-023-10240-0&domain=pdf


Page 2 of 23Ahmadimanesh et al. BMC Health Services Research         (2023) 23:1304 

Background
Introduction
Three levels can be used to describe blood bank inven-
tory management: the hospital level (Hospital Blood 
Bank), the regional level (Regional Blood Bank), and the 
overall blood transfusion organization. As a result of the 
many bases and hospitals in regional systems, the numer-
ous ongoing operations, and the complexity of the organ-
izational structure, RBB inventory management will be 
more important than HBB management among these 
levels [1, 2]. Because the regional blood center director, 
who creates hospital distribution policies and supervises 
issues including regional blood collection, distribution, 
and transfusion planning, is the decision-maker [3].

Iran, a country with a population of about 75 million, 
is one of the most populous countries in Central Asia. 
Due to the necessary investment by the Iranian govern-
ment on the health care system in recent decades, the 
country has now benefited from the advanced health sys-
tem infrastructure. Blood transfusion is one of the essen-
tial components of the healthcare system that saves the 
lives of millions of people in the world [4]. On the other 
hand, according to the statistics provided by the Blood 
Transfusion Organization, the amount of blood waste 
in the country is over 12%. About 14% of this waste is 
associated with contaminated and viral blood, and 60% 
of it results from hospitals and blood banks having less 
supervision. Blood wastes associated with previous or 
returned blood account for 9% of this total, compared to 
4% in industrialized countries. One of the factors con-
tributing to blood loss is also the ineffective distribution 
of blood. Therefore, it can be said that this percentage 
can be reduced by right management and scientific use 
of blood in hospitals and blood banks [5]. Therefore, the 
field of blood transfusion requires special policy making 
and precise planning, which requires conducting applied 
research to provide clear strategies and develop technol-
ogy in this field. The blood transfusion organization in 
Khorasan province, which was established on October 
22, 1978, was rated third in terms of output, after Tehran 
and Fars provinces. With over 450 special patients in the 
province (each patient requires an average of one to two 
injections per month, and 10% of the province’s blood is 
consumed by donors), the presence of specialized and 
super-specialized treatment facilities, the importance of 
the holy city of Mashhad in the east of the country, pil-
grimage and tourism trips to the province, and the rise 
in accidents and incidents, it is twice as important to pay 
attention to inventory management.

In the current state of the studied network. the esti-
mate of the precise daily need of hospitals does not 
correspond with their real demand since the consump-
tion of blood products in hospitals is a function of the 

number of daily incidents and accidents and has an 
unpredictable nature. Hospitals prefer to purchase 
extra blood products in these circumstances to have 
a safe supply to deal with any shortages, but doing so 
creates a significant problem due to the restricted sup-
ply of blood available at the local blood center or blood 
transfusion bases. Another reason that makes order-
ing more than what hospitals need is problematic is 
the perishability of blood products. If the blood prod-
ucts ordered by the hospitals are not used before the 
end of their useful life, they are expired and must be 
destroyed. Since the costs of obtaining blood products 
are very high, the expiration of each unit of blood will 
result in high costs [6]. On the other hand, in the sys-
tem under study, there is no organized system of distri-
bution, and each consumer, as needed, sends his truck 
to the appropriate central base to receive the blood 
he needs, resulting in an unplanned and occasionally 
delayed delivery as well as a one-time gathering of con-
sumers in the central base. Regarding this, the Blood 
Transfusion Organization must work to make it possi-
ble for all patients nationwide to have access to blood 
and its products, all the while keeping a close eye on 
the region’s blood reserves on a daily, monthly, and 
annual basis and the functioning of the blood supply 
network [5].

Despite the significance and sensitivity of regional 
blood inventory management, modeling work in this 
area frequently focuses on single supplier/consumer sys-
tems, and there are not many real-world studies in this 
field because of the complexity of regional blood inven-
tory management. Additionally, only a small number of 
studies have addressed regional blood inventory man-
agement using reusable modeling (applicable to all bases 
and blood banks in the region), and none of these stud-
ies have made any claims regarding the implementation 
of their suggested model in real and large scales. Addi-
tionally, routing has not been addressed simultaneously 
in any of the studies that are currently accessible in this 
subject, and no solution has been offered for delivering 
the collected blood to customers using machines with 
various capacities. In this study, an effort is made to 
design, build, and test an inventory management and dis-
tribution solution for regional central blood centers using 
integrated modeling, using Khorasan Razavi blood trans-
fusion centers as an example. Therefore, in this paper, we 
attempted to address the following:

• Development and implementation of a general and 
integrated model of inventory management and dis-
tribution in a three-level regional blood transfusion 
network (regional blood center or main base, com-
munity blood centers, hospital).
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• Simultaneous implementation of blood inventory 
management and distribution by blood group and 
consumer in a wide regional and three-level network.

• Designing the best logistic model possible that can 
be applied to all participants (hospitals and central 
bases) in the regional blood transfusion network.

It should be noted that the study provided appropri-
ate and scientific tools and techniques for designing an 
inventory management model and red cell distribution 
by the four main blood groups (A, B, O, and AB) in an 
RBB. Moreover, attempts have been made to formulate 
the optimal inventory management and distribution poli-
cies. Red blood cells are among the components of blood 
that are in the highest demand and consumption. After 
conducting this research, it is anticipated that the supply 
chain and logistics of the studied blood will be improved 
by identifying appropriate policies in the area of inven-
tory management and distribution with a focus on reduc-
ing waste and shortages of blood as well as awareness of 
the level of demand. Therefore, this research answers the 
following questions:

1. What is the optimal model of blood logistics man-
agement with the possibility of returning goods in 
the three-level blood transfusion network?

2. What is the optimal level of blood stock in central 
blood transfusion centers and hospitals addressed in 
this study?

3. What are the appropriate and optimal routes of blood 
transfusion to the studied consumers and what is the 
workload of the blood distribution machines?

In the following the article is organized as follows. The 
second section looks at the theoretical underpinnings 
and an overview of the research in the area under ques-
tion. The proposed model and its relationships are pre-
sented in the third section The study findings are given 
in the fourth section, the model validation method is 
detailed in the fifth section, the discussion and conclu-
sions are addressed in the sixth section, and suggestions 
for further research are discussed in the seventh section.

Literature review
The creation of effective models and procedures for man-
aging the stock of perishable goods has largely been a 
result of the work of supply chain researchers [7]. From 
1970 to 1980, a large portion of the literature review 
was developed. Jennings [8] offered the first conceptual 
framework for classifying the blood inventory issue. This 
initial work examines the issue via three levels of hierar-
chy (strategic, technical, and operational) and illustrates 

the impact of implementing different blood supply 
policies.

A regional blood center in the UK was used to conduct 
[9] analysis of the inventory management procedures of 
the blood supply chain. Integer programming models 
were created by [10] to determine which hospitals a ven-
dor should visit each day (through blood center vehicles). 
Dynamic random scheduling and simulation were used 
by [11] to describe the inventory management model 
of the Dutch Regional Blood Ban. A simulation model 
that matches the operational characteristics of the blood 
center inventory system was given by [12]. He has offered 
suggestions for inventory management by putting this 
model into practice based on historical data from the 
Regional Blood Bank of Jiangsu Province from 2005 to 
2008. Using the multivariate optimization technique, [13] 
developed a public network optimization model for the 
intricate human blood supply chain. They have attempted 
to reduce expenses associated with shortage and waste by 
developing a regional blood bank system that consists of 
distribution centers, testing, processing, storage, and col-
lection bases. The ideal values for each cost were estab-
lished by solving this model using numerical examples. 
Baesler et al. [14] examined and proposed inventory poli-
cies for the RBB using a discrete event model. The sup-
ply chain operations, including blood collection, testing, 
production, and inventory management, are depicted in 
the model. Blake and Hardy [3] designed and evaluated 
regional blood network inventory policies in Canada 
using a reusable simulation model. They used the level 
of response technique and nonlinear planning to estab-
lish the best possible inventory policies / supplier. For 
the logistics of blood banks [15] suggested a vehicle rout-
ing model. In their paper, they discussed the subject of 
vehicle routing with delivery and collection in relation 
to the distribution and collection of blood for a general 
medical system. To this end, they employed a heuristic 
model a combination of genetic algorithm and simula-
tion The Icelandic Blood Bank, which contains a distribu-
tion center and a processing center, was the location of a 
research conducted by [16]. The optimal ordering policy 
to improve the blood supply chain and reduce waste was 
determined by the study using discrete simulation. Addi-
tionally, linear regression analysis was utilized to demon-
strate how the blood supply chain might be influenced 
in order to comprehend it better. The optimal reserve 
level model’s results reveal the inventory fluctuations and 
shortage throughout a certain time period. A workable 
solution method for the management of red blood cells 
in the treatment center in the regional network was put 
forward by [17]. To reduce costs in the inventory man-
agement system for perishable goods and lower blood 
center losses, this method was developed and combined 
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with dynamic planning. The optimal ordering and stor-
age policy was discovered by using numerical exam-
ples to solve the given model. Artificial neural network 
(ANN) software was utilized by [18] to predict blood 
demand in blood transfusion centers. They predicted the 
monthly need for red blood cells, plasma, and platelets in 
an RBB, three blood components. Ahmadimanesh et  al. 
[19] developed an optimal inventory management model 
in a region without blood unit separation using reusable 
simulation and neural networks. The findings showed a 
considerable decrease in lesions and a deficiency in blood 
units. According [20], the problem of blood routing under 
uncertainty has certain characteristics that distinguish 
from traditional routing. They suggested a hybrid linear 
integer to address the blood routing problem in order to 
describe the programming. Using two models of mixed 
integer programming and probabilistic robust planning, 
[21] investigated the issue of blood routing from blood 
centers to some hospitals under uncertain conditions. 
To solve these models, data from an actual supply chain 
was employed. A routing inventory model for perishable 
goods with high consumption rates was proposed by [22]. 
The production per day, the sales centers that should be 
visited each day, the route taken by visitors to the sales 
centers, and the goods supplied to the sales centers every 
visit were all factors considered in this model. A numeri-
cal example containing a manufacturing node and three 
sales centers was used to solve the suggested model. The 
objective function had a value of 15,729.88, according to 
the answer. According [23], a Monte-Carlo simulation 
approach is used to model the blood supply chain (BSC) 
under both supply and demand uncertainty, two different 
blood supply strategies are generated to analyze the BSC 
performance. The data used in the validation and verifi-
cation of the model is a real case study that increases the 
practical application of the proposed model. The results 
show that a slight increase in collected blood units will 
lead to a noticeable increase in minimum and average 
availability percentage accompanied by an acceptable 
increase in the total BSC cost, taking into considera-
tion the effect of cost parameters on total cost behavior. 
Mansur et  al. [24] proposes a new mixed-integer linear 
programming (MILP) model that considers multiple 
echelons, multiple blood types, transportation and pro-
duction emissions, and blood bag shelf life to maximize 
profit in the blood supply chain system. The model is 
applied to a real-world case study. The research results 
confirmed that the model could mitigate the BSC chal-
lenges. We also conducted sensitivity analysis of patient 
demand parameters, blood production capacity, selling 
price, and shelf life to investigate the impact of the key 
factors affecting the total profit, costs, carbon emissions, 

and number of obsolete products. Shih et al. [25] formu-
late a multi-criteria decision-making (MCDM) model 
for platelet inventory management along the blood sup-
ply chain that minimizes three conflicting measures: 
total supply chain costs, unit outdated, and unit short-
age under demand uncertainty. The developed model is 
solved using three solution techniques: Preemptive goal 
programming (PGP), non-preemptive goal programming 
(NPGP), and weighted objective method (WOM). The 
results indicate that the desired goal for expected supply 
chain cost is achieved using the PGP model; however, the 
unit shortage and outdated exceeded by over 350% for 
each criterion.

In Table 1, a summary of previous studies in the two 
areas of blood supply chain and logistics and inventory 
management and transportation of the regional blood 
bank is discussed.

A review of previous studies reveals several research. 
Although there is a significant literature on blood 
inventory management and distribution very few stud-
ies have looked into intricate regional blood transfu-
sion networks. Additionally, the majority of studies on 
RBB have provided a model that is either realized in a 
small blood bank or solved using just numerical exam-
ples and without actual implementation. In the end, no 
comprehensive and integrated model of inventory man-
agement and distribution in the area has been devel-
oped in the research under consideration. The present 
study differs from previous ones in blood supply chain 
and logistics because it develops an optimal model of 
inventory management and blood distribution in the 
regional network. First, the optimal model of inven-
tory management desined with the aid of simulation 
and neural network techniques is comprehensive and 
general and used for all bases (suppliers) on the net-
work; no supplier in the area is required to implement 
an optimal model of inventory management to re-mod-
eling and spend additional money and time; only with 
the update of events can be determined. Additionally, 
in this part of the model, the optimal quantity of the 
target inventory and reorder point is established for all 
suppliers and customers in the region. In other words, 
this approach will considerably aid the provider in pre-
dicting the amount of demand and the units sent, but it 
will also improve consumer ordering habits. Secondly, 
implementation of this model results in the optimiza-
tion of the distribution of blood units to the desired 
hospitals with the least losses, decreasing the time of 
blood transfer to consumption, increasing delivery 
speeds, and decreasing the accumulation of distribu-
tion machines at supplier locations. The second point is 
that the multi-objective programming routing model is 
associated with blood inventory management variables.
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Methods
Description of the model
This study aims to optimize the inventory and distribu-
tion in the blood logistics chain in Khorasan Razavi blood 
transfusion organization. The region has three levels of 
Regional blood center (RBC), Community blood center 
(CBC) and hospitals as shown in Fig. 1. According to this 
data, Khorasan Razavi province has 54 hospitals, six CBC 
located in Mashhad, Sabzevar, Torbat Heydariyeh, Qou-
chan, Neishabour, and Gonabad, as well as a RBC in the 
province’s center. Each CBC receives the blood that has 
been gathered from the mobile and donating bases, tests 
it as needed, separates the blood components, and then 
stores and packages it for distribution to its consumers 
as necessary. RBC in Mashhad supervises the opera-
tions of the central bases and coordinates and organizes 
them. The developed model was implemented using daily 
data from Khorasan Razavi’s blood transfusion databases 
between September 2019 and September 2021. The data 
used in the study were not biological or human samples 
and were only extract from the archievied data (with-
out the patient’s name) of Razavi’s blood transfusion 
database.

Two key components of inventory management and 
distribution have been taken into consideration in order 
to optimize blood logistics management in the studied 
network. The subject of estimating consumer demand, 
selecting the most appropriate target inventory level, and 
the reordering point of customers and suppliers have all 
been covered in the inventory management part. Addi-
tionally, in the distribution management, the optimal 
route with the lowest cost to deliver blood products 
to consumers is identified by constructing the routing 
model. As a result, the desired model for implementa-
tion in the Razavi Khorasan province’s blood transfusion 

network (the study’s case) has been completed in three 
stages: examining the current and desired behavior of 
consumers, estimating their demand, and designing a 
routing model. The logistics management content struc-
ture that was examined in this study is shown in Fig. 2.

Research algorithm
The present study seeks to optimize the inventory and 
distribution in the blood logistics chain. The first part 
of the model, which is implemented in the RBC in the 
region, uses a combination of simulation algorithm and 
neural network. This data includes amount of the fre-
quency of donation (blood collection rate) of each CBC, 
the amount of inventory at the beginning and end of the 
period, the amount of waste (separated by donation and 
laboratory waste), the amount of return due to non-use 
and expiration in the period, the amount of blood that 
consumers returned to suppliers due to the expiration 
and non-use, and the amount of blood that each sup-
plier sent to each consumer individually during the time 
period. For red blood cells, it is daily according to blood 
groups A, B, O, and AB. The output of this algorithm 
determines the type and behavior of the inventory system 
at the level of CBC and hospitals, which is communicated 
to them annually by RBC. After communicating the type 
of inventory management system to the lower levels, they 
are required to implement this policy. The CBC level, by 
implementing the announced policy, should take over the 
distribution of blood to hospitals in order to complete 
the optimization of the conditions of this chain. To this 
end, the multi-objective planning technique has been 
used. Figure 3 shows the research algorithm.

To implement the developed model, the following pro-
cedures are followed in detail:

Fig. 1 Regional blood structure of Khorasan Razavi’s blood transfusion network
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Fig. 2 Content structure of logistics management of the present research

Fig. 3 Research algorithm
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1. The initial level of inventory management optimiza-
tion in the region should involve changing consumer 
ordering patterns and supplier inventory behavior. 
RBC assign coordination and supervision of CBC 
performance. As a result, an RBC policy needed to 
be prepared and communicated. In order to do this, a 
model that implements the S and R inventory control 
policy and necessitates the entire region to imple-
ment it was developed with the use of a simulation 
algorithm and neural network. S represents for the 
target inventory amount, while R refers to reorder 
point. In order to reduce waste and shortages in each 
database (including each CBC and each hospital), the 
simulation algorithm is used in this stage to deter-
mine the optimal amount of the target inventory 
and the reorder point. The determined values are 
then conveyed to the CBCs so they may develop and 
implement the appropriate instructions to work with 
their consumers (Fig. 3, RBC level).

2. They develop the necessary plan to provide their con-
sumers with the optimal number of shipments each 
day. The manager of each CBC’s blood bank need to 
select the appropriate amount of blood to be sent to 
their consumers in accordance with the routing plan, 
taking into account the amount of stock in his cen-
tral base and the overall amount of demand from the 
hospitals included by his coverage (Fig. 3, CBC level).

3. After receiving blood from the transporter, hospitals, 
as consumers, add blood to their inventory. After 
giving it to the patients, the colleagues compare the 
remaining stock to the reorder point at the end of the 
day and decide to place an order the following day 
(Fig. 3, hospitals level).

The optimal distribution and inventory management 
methods at the three levels of RBC, CBC, and hospitals 
are described in the sections that follow.

Designing inventory management model by RBC 
organization
To reduce the amounts of deficiencies and wastes in the 
system under investigation, RBC designed the inventory 
management model with the aim of identifying the target 
inventory values and the ordering point of each supplier 
and consumer in the network. As a result, this model was 
developed using a simulation technique at the RBC level, 
the output of which will be instructions for the CBC that 
specify the target inventory values and the ordering point 
in each supplier. The parameters linked to the implemen-
tation of the simulation model were stored in a database 
using the MATLAB program, and the output results were 
recorded. It is essential to accurately estimate consumer 
demand, which is accomplished with a neural network, 

as the input of the simulation model requires information 
on demand. As a result, the explanation of the simulation 
flowchart follows the explanation of anticipating con-
sumer demand.

The following assumptions and limitations have been 
considered while implementing the model:

– Wastes are divided into two categories: wastes result-
ing from blood expiration and wastes from non-use 
of blood. Additionally, each frequency is individually 
entered into the model

– The supply of blood is subject to fluctuating demand.
– For each hospital and CBC, a specified initial blood 

stock level is established.
– Specific precautionary stock levels are set for every 

CBC and hospital.
– Blood may be transferred between CBC.
– The region of the model is considered to consist of 54 

hospitals and six CBC.
– A shortage penalty for the supplier is taken into con-

sideration due to the high level of uncertainty in the 
demand.

– A regional network utilizes a centralized structure
– The circular policy is the one employed by the 

regional network. The blood is transported to the 
hospital as part of the circular system, but the blood 
bank at the CBC is still in charge of the blood units 
can transport them to other hospitals. In other 
words, goods can be sent to the main blood transfu-
sion center.

Estimating consumer demand using neural network The 
CBC often send less blood than requested because they 
are aware of the fact that daily consumers in the network 
under study declare their needs to suppliers in addition 
to what they want. The daily demands of each consumer 
must be taken into account while implementing the 
inventory model using the simulation technique. As a 
result, in order to provide the other steps of the inventory 
management model and the required inventory values, 
it was essential to first determine the value of each con-
sumer’s demand. In other words, the method contrasts 
what is really sent with what is recorded in the present 
inventory management system as consumer demand.

Here, Feedforward Neural Network is used to find the 
non-linear mapping in question. The Feedforward Neural 
Network consists of three layers (Fig.  4). The first layer 
is the input layer; the input enters the hidden layer after 
passing through the first layer; this layer consists of one 
to several sub-layers. Then the output of the hidden layer 
enters the output layer and finally the output appears. 
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U ,Y ,B,C ∈ R are input data, output data, weight 
between input and hidden layer, and weight between hid-
den layer and network output, respectively. Γ is the acti-
vation function of the output layer and Φ is the activation 
function of the hidden layer. Figure 4 shows the Feedfor-
ward Neural Network.

The relations governing the feefforward neural network 
are as follows:

(1)Z = ∅[UB]

(2)Y = Ŵ[ZC]

(3)E = Y − Y e

(4)�B =
∂Y

∂B
= Ŵ′

[Y ]Cφ′
[U ]E

(5)B(k + 1) = �B+ B(k)

(6)�C =
∂Y

∂C
= Ŵ′

[Y ]ZE

where E is the error of the actual value with the value 
estimated by the neural network. ΔC and ΔB are the 
changes weights during the training process.

The purpose  of this study is to determine the link 
between the amount of blood units delivered in response 
to hospital and other blood transfusion requests and the 
amount of blood units that are returned. U is the sum of 
requests less returns, where Y is the number of submis-
sions. Figure  5 illustrates this relationship. This method 
prevents the blood units from expiring as a result of 
non-use by including the number of returns as a penalty 
amount in the calculations.

The data is initially gathered and divided into two sets 
of input and output data sets. This was followed by the 
establishment of the number of neurons in each layer, 
network parameters, net input, transfer function, learn-
ing function, learning rate, and learning function. After 
that, the data was normalized and standardized for pre-
processing. For the next stage, the data was divided 
into three categories training, test, and validation data. 
Finally, the neural network was used, and the necessary 
modifications were made to achieve the best possible 

(7)C(k + 1) = C(k)+�C

Fig. 4 Feedforward neural network
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outcomes. Each consumer’s demand from Eq.  8 was 
taken into account as the input layer variable for the neu-
ral network. The blood request on day t is decreased by 
the total returns for non-use and returns for each hospi-
tal’s expiration on day t.

This equation requires the value of returns to be included 
in the calculations as the penalty amount, preventing 
the expiration of blood units due to non-use. The out-
put layer predicts the daily requirement for red blood 
cells. Based on mean squared error, the right number 
of neurons in the hidden layer has been chosen (MSE). 
The input layer, the hidden layer, and the output layer are 
fully interconnected. The connection weights are chosen 
at random by the algorithm, and they are modified as it 
gains knowledge. By taking into consideration the sig-
moid in the hidden layer, Eq. 9 is utilized to calculate the 
sigmoid of the weights in the range [-1,1].

Dtir : Hospital i blood request for blood group r day t

Ctir : The returns due to non-consumption of hospital i for 
blood group r day t

Otir : The rate of return due to hospital expiration i for 
blood group r day t

Atir : Consumer i demand for blood group r day t

The simulation algorithm is then applied to the distribu-
tion of the expected hospital requests, the value of each 
central base’s consumption (demand), the range of tar-
get inventory values, the hospital and central base reor-
der points, and the lifespan of the product. The average 
weekly (daily) demand for each blood type has been cal-
culated separately by each central database and hospi-
tal, and 20% of this value is utilized to define the range 
of target inventory values for each database. Five of the 
calculated average daily re-ordering points for each 

(8)Atir = Dtir − Ctir − Otir

(9)f (t) =
2

1− e−2t
− 1

central and hospital base per blood type were used to 
determine the maximum and minimum interval values. 
Additionally, each database’s inventory data was gathered 
everyday while ordering throughout the course of a year 
in order to identify the range of re-ordering points. It’s 
important to keep in mind that the simulation algorithm 
has already been given the appropriate intervals. The 
interval is reduced if the proposed algorithm’s optimal 
value during implementation is on the minimum interval 
value, while the period is considered longer if it is on the 
maximum interval value.

The complete amount of data for each type of red blood 
cell from September 2015 to September 2017 was then 
divided into 230  days for network testing and 500  days 
for training and verifying the neural network. A variety of 
network architectures with the number of hidden layers 
(between 2 and 15 neurons), three input variables, and 
one output variable were looked at in order to select the 
appropriate neural network model to predict the blood 
demand of each user by blood group (Table 2). The model 
with the lowest MSE value was ultimately chosen.

The MSE function calculates the mean square of the dif-
ferences between the actual and predicted values. Squar-
ing the magnitude of the differences causes larger errors 
to receive more error than smaller errors; this means that 
the model is penalized for its big mistakes. By selecting 
a lower MSE, you may avoid the expiry of blood units 
as a result of non-use because the amount of returns is 
treated as a penalty in the proposed model.

Determining the optimal ordering policy of CBC level and 
hospitals using simulation In order to determine the 
best inventory management system using the simulation 

Fig. 5 Relationship between sent and requested blood units

Table 2 The best neural network model for various types of red 
blood cells according to MSE criteria

Specifications A O B AB

Network architecture (3:5:1) (3:7:1) (3:9:1) (3:8:1)
MSE 0.013 0.0092 0.0099 0.0072
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technique, RBC needs the demand distribution function 
of each database (central bases and hospitals), as was 
previously discussed. For the reasons described in the 
preceding section, the neural network method was also 
employed to determine each consumer’s actual demand. 
Next, the range of target inventory values, the reorder 
point of each central base and hospital, the lifespan of the 
products, and the distribution function of the estimated 
demands of the hospitals and the amount of consump-
tion (the amount of demand) of each central base are 
entered into the reusable simulation algorithm. A data-
base for archiving past data, a data transaction level that 
shows process details from the point of data collection 
through preparation at the supplier’s location, and an 
object-oriented simulation model developed in Microsoft 
make up the reusable simulation framework in this study. 
The schematic representation of the framework structure 
for this type of simulation is shown in Fig. 6.

The characteristics of each central base and hospital’s 
demand distribution function are described in the sections 
that follow, along with directions on how to calculate the 
range of target stock values and the reorder point for each 
of them. It is important to note that the symbol i has been 
allocated to each central base and hospital in the network. 
Six CBC and 54 hospitals were included in the case study, 
hence 60 databases were required to use the simulation 
technique. Additionally, each database has been imple-
mented independently for each of the four blood groups 
as the study is focused on these four major blood types. 
As a result of the large number of them, only the distribu-
tion function, target inventory intervals, and central bases’ 
reordering point are discussed in this section. Distribution 
function of central base in shown in Table 3.

The average weekly (daily) demand of each central base 
and hospital was determined by blood group in order to 
set the range of target inventory values for each CBC, 
and 20% of this value was used as the maximum and min-
imum values of the range. Additionally, each database’s 
stock information was gathered every day for a year in 
order to establish the reorder point interval. Additionally, 
the average daily reorder point for each CBC and hospital 
has been calculated by blood group, and the maximum 
and minimum values of the interval have been set at 5 of 
this value. It should be noted that the desired intervals 
are incorporated in the simulation algorithm; thus, the 
interval will change depending on whether the optimal 
value suggested by the algorithm is placed on the mini-
mum or maximum value of the interval during imple-
mentation. Table  4 provides an illustration of the range 
values of the target inventory amount and the reorder 
point of the CBC.

Fig. 6 Schematic representation of the structure of the simulation framework

Table 3 Distribution Function of CBC

a Normal distribution function
b Poisson distribution function

CBC i Distribution Ffunction

A O B AB

Mashhad 1 Na Na Na Na

Sabzevar 2 Pb Pb Pb Pb

Torbat Heydarieh 3 Pb Pb Pb Pb

Gonabad 4 Pb Pb Pb Pb

Neyshabur 5 Pb Pb Pb Pb

Ghuchan 6 Pb Pb Pb Pb
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To perform the simulation technique, it is necessary to 
determine the number of iterations and the length of rep-
etitions of each performance in each iteration. Various 
demands are produced and measured from Eq.  10 (for-
mula t-test), and the number of repetitions of each simu-
lation run was determined according to the distribution 
of demand or consumption of hospitals and central bases. 
The error percentage numbers (B) and standard deviation 
(s) are calculated using this equation, and the value of the 
variable n (number of repetitions of each execution) is 
calculated using the t-test procedure. The average value 
of the objective function is (TC) (minimizing the number 
of wastes and shortages).

The number of iterations for each execution implemen-
tation is 20, taking into account the standard deviation 
and error rate of 5%. Twenty iterations were therefore 
performed for each simulation run over the course of a 
year (iterations length). According to Fig.  5, the imple-
mentation algorithm for each simulation run is carried 
out independently for each central base, hospital, and 
blood group. This figure’s top part is in charge of man-
aging inventory and meeting demand. The consumer 
enters the system with a specific distribution function, in 
accordance with the method depicted in Fig.  5. If there 
is an inventory or not, one must check it when the con-
sumer enters If  _ILri > 0, the amount of missing values 
is increased by one unit. However, the blood units are 
provided to the customer if  IILri > 0 (deplet). Deplet + + 
indicates that the number of consumers whose demand 
has been fulfilled is calculated at this point. One must 

(10)TC − tn−1,1− B
2

s
√
n
,TC + tn−1,1− B

2

s
√
n

determine if the instantaneous inventory level (ILri) 
has reached the  Rri level or not when blood units are 
removed from the system. Nothing is done if the Rri level 
is not achieved (dispose). But in order for the inventory 
level to rise to the  sri level if it has already reached the 
 Rri level, an order must be placed. In this instance, the 
number of blood orders is increased. When the product 
life is finished, the lower part of the algorithm is in charge 
of removing expired blood from the system. The algo-
rithm decides that once the inventory level reaches this 
value, the inventory managers access the system at least 
once every day to clean up corrupt materials, check how 
much blood has been consumed by consumers, and how 
much of the target inventory has expired. It is calculated 
by allowing lifespan of the product (after several days, the 
inventory manager checks in and removes products that 
have expired).

As a result, the algorithm in Fig.  7 defines a continu-
ous inventory policy for the system’s hospitals and cen-
tral bases. When the inventory level of each role reaches 
the reordering point ri, the inventory system of that role 
(Supplier or Consumer) raises its inventory level to the 
target inventory level Si - orders the value of Si-ri (such 
as ri ≤ Si ). This process is repeated for each of the cen-
tral bases and hospitals after the target inventory values 
and reordering points have been established. In order to 
reduce the amount of waste and shortage throughout the 
whole system, the simulation algorithm analyses all sup-
plied intervals and provide the optimal target inventory 
and reorder point for each consumer and supplier role. 
The last element of the method serves as a repository for 
the information produced by the simulation as well as a 

Table 4 The values of the target inventory range and the reorder point of the CBC

Central Base i Target inventory values
A O B AB

Mashhad central 1 160 ≤ S ≤ 240 152 ≤ S ≤ 228 120 ≤ S ≤ 180 52 ≤ S ≤ 78

Sabzevar central 2 64 ≤ S ≤ 96 56 ≤ S ≤ 84 24 ≤ S ≤ 36 26 ≤ S ≤ 39

Torbat Heydarieh central 3 64 ≤ S ≤ 96 56 ≤ S ≤ 84 32 ≤ S ≤ 48 20 ≤ S ≤ 29

Gonabad central 4 24 ≤ S ≤ 36 24 ≤ S ≤ 36 20 ≤ S ≤ 30 16 ≤ S ≤ 24

Neyshabur central 5 24 ≤ S ≤ 36 16 ≤ S ≤ 24 16 ≤ S ≤ 24 15 ≤ S ≤ 22

Ghuchan central 6 24 ≤ S ≤ 36 16 ≤ S ≤ 24 16 ≤ S ≤ 24 12 ≤ S ≤ 18

Central base i Reorder point values
A O B AB

Mashhad central 1 15 ≤ R ≤ 25 13 ≤ R ≤ 23 5 ≤ R ≤ 15 3 ≤ R ≤ 13

Sabzevar central 2 5 ≤ R ≤ 15 5 ≤ R ≤ 15 0 ≤ R ≤ 10 1 ≤ R ≤ 9

Torbat Heydarieh central 3 5 ≤ R ≤ 15 5 ≤ R ≤ 15 0 ≤ R ≤ 10 0 ≤ R ≤ 10

Gonabad central 4 0 ≤ R ≤ 10 0 ≤ R ≤ 10 0 ≤ R ≤ 7 0 ≤ R ≤ 7

Neyshabur central 5 0 ≤ R ≤ 10 0 ≤ R ≤ 10 0 ≤ R ≤ 7 0 ≤ R ≤ 7

Ghuchan central 6 0 ≤ R ≤ 10 0 ≤ R ≤ 10 0 ≤ R ≤ 7 0 ≤ R ≤ 7
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place to store the data needed to operate the model. The 
symbols used in the simulation technique are listed in 
Table 5.

Implementation of inventory management model on a daily 
in CBC’s and hospitals
The CBC are required to implement the inventory 
management model in accordance with the provided 
instructions after being informed of the target inventory 

values and reorder point. Daily activities are conducted 
from the supplier to the consumer to implement the 
inventory management model. The blood bank resource 
manager of the supplier determines the blood bank res-
ervoir balance at the outset of the day. This quantity of 
inventory contains all of the healthy blood that has been 
collected from donation bases (both mobile and fixed) 
and transported to the CBC for the planned tests, as 
well as any remaining blood from earlier days. Blood 
received from consumers with extra inventory and sent 
to the returned supplier tank is deducted from the value 
of blood in the tank which has expired. Additional blood 
received from other CBC, residual blood from previous 
days with a shelf life, and surplus blood received at the 
outset of the day from other CBC are also considered. 
The value of each consumer’s demand is obtained inde-
pendently in the next step (the demand is received from 
RBC for the first time, but for the next time, the order is 
directly taken from the consumer). The CBC Inventory 
Manager determines if the total demand is less than the 
target inventory stated by the RBC after calculating the 
total demand received. All requests will be fulfilled if 
they have already been all completed and have not yet 
reached the desired balance. However, the inventory 
management must determine the value provided to 
each consumer if the value of the requests exceeds the 
value of the target inventory. It will send consumers’ 
blood and divide it among them in accordance with the 
routing model to speed up delivery and reduce shipping 
costs. This is carried out in accordance with Design-
ing inventory management model by RBC organization 

Fig. 7 Simulation algorithm

Table 5 The symbols of simulation technique

Symbol Definition

UIir Consumption distribution (demand) 
function of central base i for blood 
group r

UAri Hospital demand distribution func-
tion i for blood group r

sri Target inventory level of each 
consumer and supplier i in blood 
group r

Rri Reorder point of each consumer 
and supplier i in blood group r

LFr Shelf life of products

s∗ri The best level of inventory 
of the target hospital or central base 
i in blood group r

R∗ri Reorder point of each consumer 
and supplier i in blood group r

Shri Number of deficiencies of each 
consumer and supplier i in blood 
group r

Ori Number of expired blood consum-
ing or supplying i for blood group r
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section’s description of multi-objective planning. If it 
receives emergency orders after sending requests to 
consumers in accordance with the routing model, it will 
respond to them up to the end of the day, and at that 
point, it will once again calculate the blood bank’s bal-
ance. It sends the surplus to other central inventories 
in the network if the remaining balance is higher than 
the target inventory and demands blood from other 
CBC if the remaining balance has reached the reorder 
point. The supplier day (CBC) ends here. The follow-
ing is planned for simultaneously with the provider of 
consumer behavior (hospitals) throughout the day. It 
receives the required blood from the supplier, adds it to 
its inventory, and progressively uses it during the course 
of the day. The hospital blood bank manager computes 
his balance at the end of the day. In order to keep the 
blood bank’s balance from increasing and developing 
into a perishable good, it is sent to its supplier if it sur-
passes the target balance set by the CBC (Commodity 
return). If the current inventory is less than the stated 
target inventory, it is checked to see if this inventory 
has reached the reorder point or not. It will decide the 
desired order amount for the following day if it reaches 
the re-order point; otherwise, everything occurs, and 
the day comes to an end.

The CBC are required to implement the inven-
tory management model in accordance with the pro-
vided instructions after being informed of the target 
inventory values and reorder point. Daily activities 
are conducted from the supplier to the consumer to 
implement the inventory management model. The 
blood bank resource manager of the supplier deter-
mines the blood bank reservoir balance at the outset 
of the day. This quantity of inventory contains all of 
the healthy blood that has been collected from dona-
tion bases (both mobile and fixed) and transported to 
the CBC for the planned tests, as well as any remain-
ing blood from earlier days. Blood received from con-
sumers with extra inventory and sent to the returned 
supplier tank is deducted from the value of blood in 
the tank which has expired. Additional blood received 
from other CBC, residual blood from previous days 
with a shelf life, and surplus blood received at the out-
set of the day from other CBC are also considered. The 
value of each consumer’s demand is obtained indepen-
dently in the next step (the demand is received from 
RBC for the first time, but for the next time, the order 
is directly taken from the consumer). The CBC Inven-
tory Manager determines if the total demand is less 
than the target inventory stated by the RBC after cal-
culating the total demand received. All requests will 
be fulfilled if they have already been all completed and 
have not yet reached the desired balance. However, 

the inventory management must determine the value 
provided to each consumer if the value of the requests 
exceeds the value of the target inventory. It will send 
consumers’ blood and divide it among them in accord-
ance with the routing model to speed up delivery and 
reduce shipping costs. This is carried out in accordance 
with Designing inventory management model by RBC 
organization section’s description of multi-objective 
planning. If it receives emergency orders after sending 
requests to consumers in accordance with the rout-
ing model, it will respond to them up to the end of the 
day, and at that point, it will once again calculate the 
blood bank’s balance. It sends the surplus to other cen-
tral inventories in the network if the remaining balance 
is higher than the target inventory and demands blood 
from other CBC if the remaining balance has reached 
the reorder point. The supplier day (CBC) ends here. 
The following is planned for simultaneously with the 
provider of consumer behavior (hospitals) throughout 
the day. It receives the required blood from the sup-
plier, adds it to its inventory, and progressively uses it 
during the course of the day. The hospital blood bank 
manager computes his balance at the end of the day. In 
order to keep the blood bank’s balance from increas-
ing and developing into a perishable good, it is sent to 
its supplier if it surpasses the target balance set by the 
CBC (Commodity return). If the current inventory is 
less than the stated target inventory, it is checked to see 
if this inventory has reached the reorder point or not. It 
will decide the desired order amount for the following 
day if it reaches the re-order point; otherwise, every-
thing occurs, and the day comes to an end.

Designing distribution management model To improve 
the blood logistics chain’s transport status, a routing 
model was developed. The above model will imple-
mented, giving each CBC better control over how blood 
is distributed while also preventing potential waste in 
the transport machine and the clogging of applicant 
machines at once. Choosing the best route model with 
the lowest cost and loss is the objective of this stage.

The multi-objective programming mathematical model 
that served as the study’s routing model is represented by 
its symbols in Table 6. The model’s basic assumptions and 
specifications are as follows:

– There is blood exchange between central bases 
(CBCs) in the logistics network.

– In a logistics network, a supplier delivers blood to 
multiple consumers (hospitals under its cover and 
other central bases).



Page 15 of 23Ahmadimanesh et al. BMC Health Services Research         (2023) 23:1304  

– It is impossible to exchange blood units between hospitals.
– The supplier uses a heterogeneous transport network 

(fleet) with vehicles that differ in capacity and cost to 
distribute blood to consumers.

– Each blood unit has a specific expiration date and 
after that it will be unusable.

– It is possible for consumers to return expired or 
unused blood.

– Consumer requests have to be submitted within a 
specified time frame.

– The inventory capacity of each consumer for each 
blood is recognized by the supplier.

– A cost of shortage penalty is considered for the 
supplier because of the high degree of uncertainty 
in the demand value.

– The level of initial blood supply in each consumer is 
known.

– Precautionary reserve is specified for each supplier 
and consumer.

The primary objective function of the model is to reduce 
transportation costs. Equation  4 represents this func-
tion’s mathematical form. Equation 5’s second objective 
function is to reduce total distance traveled. The sixth 
constraint ensures that each vehicle’s capacity should 
not be overly particular. This limitation indicates that 
the supplier must be the vehicle’s initial starting place 
(CBC). Vehicle turning is represented by Eq.  7. Equa-
tion  8 is used to exclude the sub-tour from the route 
graph so that a car will not return to a consumer. This 
constraint demonstrates that wjkt must be greater than 
wikt in order to prevent the vehicle from serving the 
same consumer more than once and from modifying the 
graph path by going from consumer I to consumer j and 
serving them (there is a connection between consum-
ers I and j in direction I to j). The decision variables are 
shown in Eqs. 11 and 17.

The routing model seeks to identify the optimal path for 
blood delivery to consumers with the potential of return-
ing blood to suppliers as part of a multi-objective plan-
ning model for reducing transportation costs and reduc-
ing the distance traveled. Cplex software was used to 
solve the model.

The epsilon constraint method was applied to reduce the 
multi-objective function to a single-objective function. 
This approach is one of the widely used methods for solv-
ing multi-objective problems. It does so by shifting all of 
the objective functions at each step, except for one, to the 
constraint. The constraint method may be used to define 
the boundaries of your fragment.

Results
The Khorasan Razavi blood transfusion network used the 
study’s suggested model, which had a structure similar to 
Fig.  4, and ran it. The blood transfusion network of Kho-
rasan Razavi implemented the proposed research model in 

(11)Minf1 =
∑

(i,j)∈M′

∑
k∈K

∑
t∈T

υ̃ijkyktxijkt

(12)Minf2 =
∑

(i,j)∈M

∑
k∈K

∑
t∈T

cijxijkt

(13)
∑

r∈R
∑

i∈M
∑

t∈T qirkt ≤ capkyktz0kt ∀k , t

(14)
∑

j∈M′ xijkt =
∑

j∈M′ xjikt = zikt ∀i ∈ M′, k , t

(15)
wikt − wjkt + (|M| + 1)xijkt ≤ M ∀(i, j) ∈ M, k , t

(16)xijkt , zikt ∈ {0, 1} ∀i, j ∈ M, k , t, i �= j

(17)
qikt , Iirt ,EXirt , SHirt , ykt ≥ 0, Integer∀i ∈ M, r, k , t

Table 6 Routing technique symbols

Symbol Definition

cij The distance between the consumer i and j

υ̃ijk The cost of transferring each unit between consumer i and j for vehicle type k

capk The capacity of vehicle type k

Atri Consumer demand i from blood group r on day t

M Big number

M′ Database and consumers collection

xijkt It gets 1 if consumer j is served by device k in period t exactly after consumer i;

zikt It gets 1 if consumer i is served by device k in period t, otherwise 0

qirkt The amount of blood group r received by consumer i by device k over time t

wikt The artificial variable shows the nth consumer served by the truck.
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a comprehensive and integrated manner. Since the model 
used in this study has two primary elements management 
and routing—each of the results was obtained separately 
from the province’s central database and the structures 
of the model’s two main components. Hoewever, in this 
instance, we will only express the central database’s research 
results. It is said that Mashhad is the main base. Six hos-
pitals in the province’s cities without a central base and 27 
hospitals in Mashhad are continually served by the base.

The results of implementing optimal inventory 
management model for Mashhad central base
The 27 hospitals in Mashhad and the six hospitals in the 
cities without a central base are continually served by 
this base, which is the city of Mashhad’s central blood 
transfusion base (Sarakhs, Fariman, Chenaran, Dargaz, 
Taibad, Torbet-e Jam). There is an exchange of send-
ing and receiving blood amongst the central bases of the 
province, with Sabzevar, Torbat-e Heydarieh, Gonabad, 
Neishabur, and Quchan serving as both a supplier and 
a consumer for the other central bases. In Razavi Kho-
rasan Province, this site is regarded as the largest central 
blood transfusion base. Consumers of this database are 
divided into two categories in order to simplify the dis-
play of results: Mashhad consumers (hospitals situated 

in Mashhad) and city consumers (hospitals and central 
centers of the provinces).

The optimal amount of the target inventory and the 
reorder point in the central base of Mashhad and hos-
pitals it covers have all been discussed as results of the 
implementation of the inventory management model. 
Hospital demand estimation variables and their maxi-
mum order amounts have also been discussed.

Estimation of the demand of hospitals
In order to estimate the real demand of the hospitals in 
this base, the data was analyzed in three ways.

In the first method, the total demand of consumers 
(Mashhad hospitals and other cities covered by it) was 
divided based on the types of blood group and the type 
of consumer, and their demand was evaluated using the 
neural network technique in the 230-day test period. 
The values of the actual demand and delivery of blood 
to Mashhad database consumers are shown in Fig. 8 by 
blood group. The red lines in Fig. 8 represent the opti-
mal and actual consumer demand from Mashhad’s cen-
tral base. The results in this graph demonstrate that the 
Mashhad hospitals would need to request the required 
blood units in accordance with the red lines if they 
were to order the optimal amount to prevent shortages 

Fig. 8 The values of actual demand and blood transfusion to Mashhad hospitals of Mashhad central base by blood group
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and waste. The value of blood requested by each hos-
pital in Mashhad from the city’s central base is shown 
by the blue lines for each blood group. The gap between 
the current and desired states is indicated by the dif-
ference between the blue and red lines. In fact, as seen 
by the various blood types, Mashhad’s hospitals sought 
significantly more blood than they actually needed, 
which resulted in enormous system waste in the form of 
returned blood. On certain days, the blue lines were far 
more than the red lines, indicating significant blood loss 
across the logistics chain. In the uncommon blood type 
O, this much error and the difference between what was 
meant to be requested and what really occurred can 
cause irreparable damage. There is a critical require-
ment for effective inventory planning and strict con-
sumer monitoring since the database is more sensitive 
than other databases in the area due to the vast number 
of consumers.

In the second method, the total demand of the con-
sumers was divided into different blood groups and 
was calculated separately for each consumer over the 
course of 230 test days. Figure  9 displays the actual 
blood delivery and demand in this city, subdivided by 
blood group. The trend of the red and blue lines in this 
graph indicates that the city hospitals serving this base 
of blood group O patients have operated almost effec-
tively, and except for a small number of cases when they 

ordered less blood than was necessary, they have gener-
ally been close to optimal. However, in the case of the 
AB blood group, they frequently ordered less than what 
was required, which caused a shortage and put patients 
at danger for irreversible damage. According to the 
findings in this graph, the hospitals in the cities should 
have requested the blood units they need in accordance 
with the red lines if they wished to place their orders in 
the most optimal way to prevent shortages and waste. 
The base is more sensitive than other bases in the area 
due to the high number of consumers; as a result, it has 
a critical need for careful consumer monitoring and 
optimal inventory planning.

Figure 10 displays the actual demand amounts given to 
consumers of this base by blood type and consumer for 
Aria Hospital as an example of a Mashhad consumer.

The results of this figure allow us to draw the conclu-
sion that, in actuality, Aria Hospital received requests 
on some days that were far more than what they needed, 
and on other days that were significantly less. This will 
cause significant waste and shortages throughout the 
whole system. What can be inferred from the results of 
this hospital is that it frequently requested blood in blood 
types A and O in surplus of what was actually needed. 
As a result, there will be a lot many emergency orders, 
which will cause shortages at the hospital. As a result, by 
implementing the proposed model, it will be feasible to 

Fig. 9 Amounts of actual demand and delivery of blood to the hospitals of Mashhad central base by blood group
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significantly reduce waste and shortages while also main-
taining enough supervision of hospitals’ performance in 
terms of the number of orders and their consumption.

Maximum order quantity of each consumer
It is feasible to estimate the maximum amount of each 
consumer’s order based on the prediction of their 
demand from each base. The findings of this estimate 
for Mashhad’s consumers and the city of its central base 
are calculated in accordance with Table 7.

The results of the target inventory of Mashhad central base 
and the hospitals covered by it
According to the demand distribution function of 
Mashhad central base and its consumers, as well as the 
shelf life of the sent bloods, the simulation technique 
has determined their target inventory with the mini-
mum waste and shortage with the results of Mashhad 
central base and several hospitals given as an example 
in Table 8. In other words, each central base and hospi-
tal has the maximum inventory it can hold that ends in 
the least waste and shortage.

Reorder point
At the beginning of the developed model, by using a com-
bination of neural network and simulation, the demand of 
each blood group is predicted by each user of the database. 
At the end of the model, if the demand is made according 
to the calculated forecast, the reorder point of each base 
and the hospitals covered by it is obtained by considering 
the minimum waste and return. Table 9 shows the reorder 
point values of this database and its consumers.

Fig. 10 Amounts of actual demand and blood supply sent to Aria Hospital divided by blood type

Table 7 The maximum order amount of Mashhad central base hospitals by blood group

Aria Naja
A O B AB A O B AB
5.9033 6.2099 6.3102 9.5644 13.375 12.3732 11.894 4.96506

Artesh Javad Alaima Tabarsi

A O B AB A O B AB
5.6583 5.3546 5.7140 6.7367 7.0481 7.0481 4.4305 4.1943

Imam Zaman Dr. Sheikh
A O B AB A O B AB
10.9070 11.1917 11.7953 6.3161 26.209 14.8823 11.63375 8.8947

Table 8 Target inventory amount of Mashhad central base and 
some hospitals covered by it (for instance)

Database Target Inventory Amount

AB B O A

Mashhad Central Base 65 132 200 195

Aria Hospital 3 6 8 7

Artesh Hospital 2 3 4 3

Imam Zaman Hospital 3 7 12 9

Javad Al-aemeh Tabrasi Hospital 1 2 3 3

Dr.Sheikh Hospital 4 12 16 10
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The results of implementing the routing model of Mashhad 
central base
The actual demand calculated by the neural network, the 
value of the target inventory, and the reordering point of 
the distribution and routing simulation output for seven 
days of Mashhad Central Base were compiled in accord-
ance with the inventory data at the start of the period. In 
doing so, seven days were taken into account between 
October 2015 and October 2017, and a routing plan was 
developed based on the Mashhad Central Base inventory 
at the beginning of the period, the estimated real demand 
of this base’s consumers during those seven days (as deter-
mined by neural network output), the value of the target 
inventory, and the point of re-ordering it and its consum-
ers. The Cplex software is used to solve this model, and 
a Pentium Corei5 processor with a clock frequency of 
2.27  GHz and 4.0  GB of RAM is required. As a result, 
Table 10 is used to illustrate the vehicle information that 
was obtained from the distribution base of the main base.

The planning period in this model is seven days, and 
Table 11 shows the distribution route for the first day 
of the planning period for the consumers of this base 
(consumers from Mashhad and the cities).

Validation
The validation is done independently for each step as 
described below since the model is divided into three 
sub-stages.

The first 500 days of data were used for training and the 
remaining 230  days for testing throughout the demand 
estimation phase. The neural network’s structure and 
programming were developed with the goal of validat-
ing the model as the data was being trained. As a result, 
500  days of training were used to validate the neural 
network approach. The effectiveness of this model has 
been evaluated statistically. For this analysis, statistical 
variables including mean relative absolute error, mean 
absolute error, R2 value, and mean squared error were 
employed. The statistical error analysis of the neural net-
work model is presented in Table 12. As can be observed, 
the model performs well in the training, validation, and 
testing phases.

In the second step, the reordering point and the 
inventory of the suppliers and consumers were 
obtained over the course of a year. The simulation 
algorithm then used these order values to simulate and 
extract the period’s waste and shortages, which it then 
compared to the period’s actual waste and shortage. 
As the suggested model has been applied in six cen-
tral databases and 54 hospitals, it must be highlighted 
that the data from the Mashhad central database was 
evaluated as a sample to evaluate the validity of the 
model. To begin with, a F test was used to determine 
that the variances of the two communities (the output 
of the simulation results and the data from the real 
system history) are not equal. An independent t-test 
was run with a 95% confidence level, knowing that 
the variances on the real sample data and the simula-
tion model were not equal despite the assumption that 
the mean of both populations was equal. The results 
are shown in Tables 13 and 14, and they show that the 
value of p is acceptable and that the null hypothesis 
was confirmed. It indicated that the two populations’ 
means were equal. The findings indicate that there 
are no significant differences between the simulated 
results and the real data. As a consequence, it is safe to 
depend on the results of behavior simulations for bases 
and hospitals.

The multi-objective planning model is validated in 
the third stage by solving ten different numerical sam-
ples with conditions that are comparable to the problem 
hypotheses; the results of this step demonstrate the mod-
el’s feasibility.

Discussion
The following questions were addressed in this study. 
What is the optimal model for managing blood logistics 
with the potential of returning goods in the three-level 
blood transfusion network? One may argue that the needs 
of customers and suppliers within the network should be 

Table 9 The reordering point of Mashhad central base and 
some hospitals covered by it (for instance)

Reorder Point Value Database Name

A O B AB

20 15 8 5 Mashhad CBC

2 2 2 1 Aria Hospital

1 1 1 1 Artesh Hospital

2 3 3 1 Imam Zaman Hospital

1 1 1 1 Naja

4 4 4 1 Dr. Sheikh Hopsital

Table 10 Information of the vehicle used in the routing model

Vehicle types (K) Vehicle number Capacity of 
vehicle type k 
(capk)

Small 3 90

Medium 2 150

Large 1 300
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taken into account in order to manage blood inventories 
as efficiently as possible. Due to the lack of a documented 
scientific system, it was determined from the facts at 
hand that consumer request information was unreli-
able. Therefore, the target inventory amount and reorder 
point of each supplier and consumer were determined 
by running the simulation algorithm and it was used as 
the basis of their inventory control policy. First, the real 
demand of consumers (hospitals) was estimated with the 
aid of neural network technique. The implementation of 

Table 11 Blood distribution route among the users of Mashhad central base on the first day

Consumers of Mashhad

Vehicle type Distribution route Consumers Blood type The blood 
received 
(Q)

1 Central base, Ghaem, Imam Reza, Central base Ghaem A 3

B 0

AB 2

O 7

Imam Reza A 10

B 3

AB 6

O 5

2 Central base, Javad Al-aeme Tabrasi, Sina, Central base Javad Al-aeme Tabrasi A 5

B 1

AB 0

O 7

Sina A 0

B 0

AB 0

O 5

3 Central base, Taleghani, Shahid Hasheminejad, Central base Taleghani A 0

B 0

AB 0

O 2

Shahid Hasheminejad A 2

B 8

AB 4

O 4

Table 12 Parameters of neural network model statistical errors 
in three steps of training, validation and testing

Step MSE R2 constant Absolute 
mean error

Mean relative 
absolute error

Training 1.21 0.978 0.529 5.67

Validation 1.06 0.995 0.432 4.96

Testing 1.24 0.987 0.522 6.13

Table 13 Statistical results of mean return (expiration waste) of 
Mashhad Central Hospital (as the sample)

Real data Simulation results

Monthly average 751.07 752.14

Standard deviation 17.7 14.3

n 12 12

P-value 0.967

Table 14 Statistical results of the average shortage of hospitals 
in mashhad

Real data Simulation 
results

Monthly average 55.67 58.2

Standard deviation 1.82 0.95

n 12 12

P-value 0.987
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this technology has significantly decreased blood returns 
due to expiry and successfully avoids potential shortages.
Finally, by using multi-objective planning, it is possible to 
decide which consumer demands should be given prior-
ity by each provider and how best to satisfy the custom-
ers. Repeating the implementation of this model has 
significantly reduced wastes and shortages. On the other 
hand, central bases are better able to reliably implement 
their inventory management policies since they have had 
the necessary supervision on the behavior of their con-
sumers. In response to the question regarding the opti-
mal level of blood stock in central blood transfusion 
bases and hospitals covered by the study. It can be said 
that if the central bases and hospitals behave according 
to the output of the reusable simulation algorithm that is 
communicated by the RBCs at the beginning of each year, 
they can show optimal behavior in the field of inventory 
management, leading to a reduction in the amount of 
waste and shortages. As a result, the bases have the best 
possible control over their inventory as well as the inven-
tory behavior of their consumers, monitor and trust the 
incoming demand information, and work to meet all of 
their customers’ demands. The output of this algorithm 
indicates the amount of the target inventory that mini-
mizes the amount of waste and shortages. In addition, 
by determining the reorder point for hospitals, a formal 
ordering policy will be made for them, and their inven-
tory management will also have a scientific structure, 
and the amount of shortages, wastes, and returns of each 
hospital will be significantly reduced. Finally, each central 
base may augment the stock by donors if it lowers due 
to requests for blood donations because it knows how 
much of its target stock it has. What is the workload of 
the blood distribution devices in response to the proper 
and optimal routes of blood transfusion to the examined 
consumers? It can be argued that if the target bases dis-
tribute the blood needed by the consumers in accord-
ance with the designed routing program, they will reduce 
the cost of transportation in addition to the speed with 
which the consumers may access their needs.

In general, it can be said that the implementation of 
the design model has outcomes such as reducing the 
time of blood transfer from central bases (suppliers) to 
their consumers, increasing the speed of blood delivery 
to consumers, increasing the average blood stock in cen-
tral bases in order to prevent shortages and increase the 
ability to fulfill The needs of consumers in emergency 
situations, reducing the accumulation of distribution 
machines for consumers in the location of central bases, 
the method for requesting, consuming, and storing blood 
in the region with better control over the central bases 
on the performance of their consumers in the amount of 
inventory have been investigated.

The use of this model in a specific region eliminates 
the need to create separate models for each base in the 
region, distinguishing it  from other models proposed 
in previous studies. Thus, using the current algorithm, 
it is possible to update events and develop current and 
desired behaviors. It should be mentioned that the imple-
mented model had limitations, the existence of which 
caused the weakness of the implemented model. Among 
these limitations, the following can be mentioned: In the 
designed model, the emphasis is on the normal and rou-
tine conditions of consumers and suppliers, and critical 
and special cases are not considered. Also, the desired 
model can be implemented for networks that have at least 
four central bases. Finally, this study has been conducted 
for the four main blood groups and due to the complex-
ity and lack of sufficient information in the study center, 
the eight main groups ( O+,O−AB+,AB−,A−,A+ ) is not 
included. Among the other limitations of the research 
that led to the simplification of the model, the follow-
ing can be mentioned: In this research, only the model 
designed for one type of blood product (red blood cells) 
which has the highest request was examined and studied 
and other blood products are not considered. Also, one 
of the types of waste in the studied network was labora-
tory waste, the reasons of which can include rupture of 
the blood bag, malfunction of the device, and other such 
cases, which were not investigated in this study.

The blood transfusion organization should compile the 
inventory and distribution policy guidelines and commu-
nicate them to the central bases in order to implement 
the model designed in order to have the optimal impact 
on the inventory and distribution system. Additionally, 
each central base has to employ a permanent representa-
tive to investigate the cause of consumer waste.

Suggestions for future research
By examining the research findings, suggestions can be 
made for future studies.

1- Forecasting specific crises and including them in the 
model can be considered in future research.

2- It is suggested to implement the desired model for 
other blood products.

3- Using the proposed model, while considering any 
possible requests from existing hospitals in the region.

4- Using the proposed model in other regions in the 
country’s blood transfusion organization and provid-
ing a documented ordering and inventory system to 
actors in each region.

5- In the proposed research model, in order to make 
the model closer to reality, eight main blood groups 
should be included in the model.
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6- Entering all types of waste in the model, including 
laboratory waste, transportation waste, and such 
things can have a significant impact on the output of 
the proposed model.

7- Fuzzy approach can be used to increase the accuracy 
of data and reduce subjective judgment error in the 
implementation of routing model.
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