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Abstract
Background: With the global demand increasing in blood
transfusion, and the advancing of medical technology,
transfusion safety and efficacy are great challenge all over
the world. However, because of lagging information
technologies, transfusion consumption in certain hospital
and analysis in developing nations are invalid and
inaccuracy, thus constrained further progress in transfusion
medicine in these countries.

Methods and Findings: We respectively recorded the actual
consumption amounts of red blood cells (RBC), plasma,
platelets, and cryoprecipitate were collected in Xijing
Hospital from 2003 to 2013. Then, we developed our
consumption predict model (CPM) to estimate the needs of
RBC, plasma, PLT, cryoprecipitate in 2014. Last, for testing
our CPM capability, we compared the predicted volume
with the actual consumption amounts of blood transfusion.
After a long period of increasing, the red blood cell usage
decreased from 2012 in this hospital. With a 19% decrease
compared with that of in 2013, the total utilization of red
blood cell is 11271800 ml in 2014, Plasma usage almost
maintained stable during the past years, and this trend
seemed will continue. However, platelet and cryoprecipitate
consumption were opposite to RBCs or platelets.
Inconceivably, compared with platelet’s annual growth rate
of 22%, cryoprecipitate annual growth was 58%. The
demand for blood components over an 11-year interval is
representative and indicative for the administration of
blood components consumption in one of the most large
scale hospital in China.

Conclusions: Our CPM represented a basis for developing a
standard blood management strategy, and allowing blood
transfusion services in being better prepared for future
consumption requirements.

Keywords Transfusion; Blood management strategy;
Blood components; Consumption predict model (CPM)

Introduction
Blood transfusion is instrumental in clinic therapy [1], but

there is a great contradiction between supply and consumption
worldwide [2]. According to analysis by World Health
Organization (WHO), approximately 69 million units of blood
were collected from 150 countries in 2006.

Among these 69 million blood units, fewer than 30 million
units (45%) were collected in developing and transitional
countries, which comprised nearly 80% of the world’s
populations. The average blood donation rate is 10 times higher
in developed countries and 3 times higher in transitional nations
than that of developing countries.

There are great variations in blood administration practices
between developed and developing countries. Compared with
high-income countries with high frequency use of blood
products (more than 91%), only 58% of clinical cases in low- and
middle-income countries were involved with the administering
of blood transfusion. What’s more, because of lagging
information technologies, the actual data and analysis
information in developing nations, including China, is much
limited.

Irrational transfusion administration and unnecessary
transfusion practices increased the frequency of blood
transfusion reactions, as well as incidence of transmissible
pathogens [3].

And also, unnecessary transfusions contribute to wasting of
blood resources, which is unfair and inhumane to patients who
urgently need transfusion [4]. The average volume of blood
transfusion is 23 ml per person in American; it is 18.8 ml per
person in Europe, and it is 15.4 ml per person in Canada [5].

In China, however, the volume in 2011 was only 2.8 ml per
person, which is a big gap to catch up with the high-income
countries. Therefore, collecting the transfusion data and taking
measures is one of the urgent way that make great contributions
to scientific and reasonable blood transfusion.
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Transfusion of blood components is an important way to
promote reasonable blood transfusion. With the development
of blood transfusion practices, whole blood supply in China has
decreased to 1.13%, red blood cell supply is about 48%.

Platelet supply is growing at an annual rate of 10%, creating
great pressure for the blood bank in China [6]. With the increase
in demand for blood transfusion and the advance of medical
technology, effective and safety blood transfusion and
administration strategies are urgently demanded. However, the
information about the consumption of blood products in
hospital is limited, although the blood collection data is available
in China at national level.

The current study performed a retrospective study to develop
a highly accurate model for prediction of the consumption of
blood transfusion. In this approach, we observed the use of
blood components amounts over an 11-year period
retrospectively, predicted the demand consumption of blood
components in 2014 that was developed from the CPM, which
was then compared with the actual usage of blood transfusion
in 2014.

Finallyour results of prediction, comparing with the actual
consumption, reached a comparatively high accuracy and may
helpful to develop predictive models to administrating blood
resources and reducing waste of blood.

Materials and Methods

Data collection and plot make-up
From 2003, only blood components-not whole blood-could be

used in China’s Xijing Hospital. Thus, we retrospectively
recorded information about the amount of blood used in Xijing
Hospital from 2003 to 2013.

In brief, the red blood cell, Plasma, Platelet, and
Cryoprecipitate consumption amounts were collected based on
the data of usage, which was collected from the local blood
administration software system.

Statistical analysis
In the current study, annual blood consumption of the each

blood components was counted as a single data and then
analyzed by IBM SPSS Statistics 19 and Graphpad Prism 5
software respectively.

The blood constituent usage amounts were counted by
quarters (titled Q1, Q2, Q3 and Q4) in each year to revealing
consumption trends and predicting future utilization. For
development of the prediction volume, the Time Series
Forecasting Method was used.

CPM capability validation
We counted the consumption of blood components (RBC,

Plasma, Platelet, Cryoprecipitate ) by quarters in 2014, and then
compared with the prediction value(mean value) using T-test.
For each test, the difference was considered significant if the p-
value was 0.05.

Result

Blood components consumption show different
trends

Red blood cells (RBC) comprised the most-used blood
components in transfusion. In order to looking into RBC
consumption in recent years, we reviewed the data of the past
11-years in the Xijing hospital. The amount of RBC transfusion is
shown in Figure 1A. The use of red blood cells increased
approximately three-fold from 2003 to 2011 that the total
volumes were 4510800 ml in 2003 and 13906000 ml in 2011.

However, from 2012, the consumption dropped sharply.
When to 2013, it was 10288200 ml, a decrease of 26%,
compared with 2011. These data suggested that after a dramatic
increase, the RBC expend decreased in the past two years.

Figure 1 The consumption of blood components during 11-
year period. The consumption of blood components was
recorded by years. (A) Variation of erythrocyte usage during
the 11-year period. (B) Variation of plasma consumption from
2003 to 2013. (C) Variation of platelet consumption from
2003 to 2013. (D) Variation of cryoprecipitate consumption
from 2003 to 2013.

Plasma serves many functions, including thrombin function,
immunity support, and maintenance of blood pressure and
volume, which is very important to clinical treatment. Having
observed the amount of RBC usage in the 11-year span, we
considered how much Plasma was used locally. As shown in
Figure 1B, the usage of plasma expanded from 2003 to 2008
that is, from 2652570 ml to 6967860 ml which was a very
significant increase, almost triple to the consumption at the
beginning of the period. From 2008, the growth rate maintained
a relatively stable level, holding the growth rate of 6% per year.
Surprisingly, the consumption decreased from 2012. These data
indicated that the first 6 years witnessed a great creasement of
plasma usage, while over the next 5 years. Plasma consumption
maintained a more relatively stable level.

As major players in blood-clotting, Platelets and
Cryoprecipitate were widely used in clinic. Currently in Xijing
Hospital, more than 80,000 surgeries were performed per year,
so it’s necessary to analyze the volume of platelets and
cryoprecipitate consumed. As shown in Figure 1C, the
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consumption of Platelets continued to increase at a rate of 10%
per year over the 11-year period. Compared with the dosage of
233640 ml in 2003, the consumption volume of Platelets
reached 917040 ml in 2013. The usage of Cryoprecipitate was
even more energetic. From 2003 to 2008, the growth rate of was
about 50% per year (Figure 1D). The volume of Cryoprecipitate
used was 17140 ml in 2003 and 116060 ml in 2008, respectively.
But from 2009, the growth slowed, with the average rate of
growth at 11% per year over the past 5 years. On the whole,
these results demonstrated that the local consumption of
Platelets and Cryoprecipitate hold at a high level of increase
during the period studied.

Blood components consumption prediction for the
year of 2014

Observing the recently decreased usage of RBC, we
considered the consumption trends for the subsequent year.
Thus, we grouped the consumption of the past 11 years by
seasons, and then predicted the usage for 2014. As shown in
Table 1, summer represents the season of the greatest
consumer of red blood cells, which is 3086390 ml. In autumn,
using 55811 ml is less than the summer usage, and there was no
significant difference between spring and winter consumption.
The total volume for red blood cells demand in 2014 would be
11806700 ml.

Table 1 The result of RBC prediction model for demand volume
in 2014.

Q1 Q2 Q3 Q4

Mean 2848279 3086390 3030579 2841473

UCL 3397448 3863033 3981769 3939812

LCL 2299109 2309747 2079390 1743134

After predicting RBC demand for the following year, we thus
wanted to calculate future Plasma consumption. As shown in
Table 2, the total demand for Plasma in 2014 should be 7259770
ml. Just like the situation of RBC, we found that summer is also
the season of greatest Plasma transfusion consumer (the
consumption volume is 2104140 ml). However, the predicted
plasma consumption volume of spring, autumn, and winter were
different from each other that winter is the least consumer
which is 1516580 ml.

Table 2 The result of plasma prediction model for demand
volume in 2014.

Q1 Q2 Q3 Q4

Mean 1760880 2104142 1878174 1516501

UCL 2184234 2597880 2433446 2127136

LCL 1337525 1610404 1322903 905866

Since we observed the great increase in consumption of
Platelets and Cryoprecipitate, and the supply condition of these
two blood components is not optimistic, it’s significant to

predict the local clinical demand. Firstly, we looked further into
the usage volume of platelets and cryoprecipitate by quarter
seasons. We then predicted the demand for 2014 and found
that for platelets, winter of 2014 would be the biggest
consumption season at 240960 ml, and the season of lowest
usage would be spring, at 228030 ml (Table 3). The same
situation occurred in cryoprecipitate consume (Table 4).
Consumption of Cryoprecipitate in the winter of 2014 is
predicted at 78610 ml. In conclusion, these data suggested that
winter would be the largest consumption season for the
demand of Platelets in 2014, and for Cryoprecipitate, the
situation is also the same.

Table 3 The result of platelet prediction model for demand
volume in 2014.

Q1 Q2 Q3 Q4

Mean 228033 232343 236653 240963

UCL 305064 309512 313960 318407

LCL 151001 155173 159346 163518

Table 4 The result of cryoprecipitate prediction model for
demand volume in 2014.

Q1 Q2 Q3 Q4

Mean 73731 75359 76988 78617

UCL 96578 98317 100055 101793

LCL 50883 52402 53921 55441

Comparison of the consumption predict-model capability
using the actual consumption case analysis in order to test the
accuracy of our consumption predict-model, we statistical the
actual amount of blood components consumption in 2014. As
shown in Table 5, we divided 2014 into 4 groups (Q1, Q2, Q3,
and Q4) by quarter, and operated the comparison between the
actual consumption and the predicted volume using T-test. In
the T-test analysis, P value ranges were 0.193(RBC MODEL),
0.690(Plasma MODEL), 0.006(PLT MODEL) and
0.898(Cryoprecipitate MODEL). The highest correct classification
was observed in the RBC Model. Most of the models
demonstrated higher predictive accuracy as compared with the
original statistical results. As for PLT MODEL, due to the effect of
policy advocacy and the improvement of public awareness of
blood donation, the number of platelet appeared relatively large
fluctuations.

Table 5 Comparison of predictive model capability using the
actual consumption case analysis.

Q1 Q2 Q3 Q4 P
value

RBC Consumptio
n

27878
00

29416
00

26448
00

28976
00

0.193

Prediction 28482
79

30863
90

30305
79

28414
73
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Plas
ma

Consumptio
n

19207
00

20642
40

12822
36

24457
00

0.69

Prediction 17608
80

21041
42

18781
74

15165
81

PLT Consumptio
n

30246
0

29444
0

26020
0

26392
0

0.006

Prediction 22803
3

23234
3

23665
3

24096
3

Cryo Consumptio
n

66000 79960 75520 81280 0.898

Prediction 73731 75359 76988 78617

Discussion
Blood administration policy in China since 1998, from a paid

blood donation system to a volunteer donation regime that
guaranteed blood safety, protected donors health [7-9], and
significantly promoted a shift from a whole blood approach to
component therapy [10]. We witnessed the fundamental
adjustment in blood donation. However, blood donor selection
policy is not formulated according to the actual situation in
many countries. Moreover, some governments have adopted
their criteria from other, more advanced nations without full
consideration of population structure, prevailing epidemiology,
local culture, and available resources [11]. At the same time,
many countries have taken a highly precautionary approach to
choosing blood donors in order to maximize safety [12-14]. The
knowledge, attitude, and feelings of a single donor might have a
significant impact on encouraging other donors or not which will
determine the volume of blood collection [15]. On the other
hand, whole blood administration has been advocated and
replaced by the components blood practice in clinics in China
since the early 21st century. These changes in principle
consequently reduced risks associated with transfusion practices
[16]. Moreover, blood components administration reduced the
economic burden and conserved blood recourse [17].

But data analysis of blood components consumption in a large
hospital over a long period has not been available, hindering
improvement of the blood supply and administration. The reality
changes in blood components consumption remind us that a
scientific and reasonable blood administration strategy maybe a
helpful option. Thus, in the present study, we investigated the
usage of blood components over the 11-year period, and
predicted the consumption of blood components in 2014.

The obtained data showed that red blood cell consumption
has decreased since 2012, which is reasonable in association
with improved blood transfusion practices. Actually, from 2010.
The health department of china produced strict policy to
monitor RBC transfusion. The guidelines stated that for surgery,
only when a patient’s hemoglobin is lower than 100 gL-1 can RBC
be administered, while for internal patients, only when the
hemoglobin is lower than 60 gL-1 can RBC components be given.
What’s more, before and after the RBC consumption, the
medical record must be presented to show the reason and
efficacy of RBC transfusion. So it’s no wonder we observed a
great local reduction in RBC consumption. We also observed
that blood components consumption changed in the past years

which were significant to our clinical transfusion practices. With
the increasing usage of Platelet and Cryoprecipitate, it is helpful
to reduce the use of red blood cells because several
investigative reports showed that providing ABO-identical
Platelets and Cryoprecipitate might be useful to reduce red cell
transfusion [18]. Other more, surgery has significantly improved,
including and increasing in such practices as providing blood
substitutes [19] and autologous blood transfusion [20], which is
meaningful to blood consumption and administration.

In CPM, these strategies included: more prospective data
collection, standardized blood administration software system,
and detailed data analysis. Another useful strategy to improve
data quality, especially in studies with limited resources,
requires maintaining a more accurate research focus and
detailed information collected to only necessary variables.

In summary, in the current investigation, we observed the use
of blood components amounts over an 11-year period
retrospectively, and predicted the demand consumption of
blood components in 2014 that was developed from the CPM.
Our results confirmed that the predication model was helpful to
the blood transfusion administration. This kind of study gave a
new sight into the patient blood management in local hospital.
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