
Longitudinal Study of Transfusion Utilization in Hospitalized 
Veterans

Mary A.M. Rogers, PhD, MS1,2, M. Todd Greene, PhD, MPH2,3,1, Jennifer A. Davis, MHSA, 
BA2,3, David Ratz, MS2,3,1, Latoya E. Kuhn, MPH2,3, Sanjay Saint, MD, MPH2,3,1, and Vineet 
Chopra, MD, MSc2,3,1

1Department of Internal Medicine, University of Michigan, Ann Arbor, Michigan, USA, 48109

2Department of Veterans Affairs, Ann Arbor Healthcare System and University of Michigan Patient 
Safety Enhancement Program, Ann Arbor, Michigan, USA

3Center for Clinical Management Research, VA Ann Arbor Healthcare System, Michigan, USA

Abstract

Objective—Although transfusion guidelines have changed considerably over the past two 

decades, the adoption of patient blood management programs has not been fully realized across 

hospitals in the United States.

Patients and Methods—We evaluated trends in red blood cell (RBC), platelet and plasma 

transfusion at three Veterans Health Administration (VHA) hospitals from 2000 through 2010.

Results—There were 176,521 hospitalizations in 69,621 patients; of these, 13.6% of 

hospitalizations involved transfusion of blood products (12.7% RBCs, 1.4% platelets, 3.0% 

plasma). Transfusion occurred in 25.2% of surgical and 5.3% of medical hospitalizations. 

Transfusion use peaked in 2002 for surgical hospitalizations and declined afterwards (p<0.001). 

There was no significant change in transfusion use over time (p=0.126) for medical 

hospitalizations. In hospitalizations that involved transfusions, there was a 20.3% reduction in the 

proportion of hospitalizations in which ≥3 units of RBCs were given (from 51.7% to 41.1%; 

p<0.001) and a 73.6% increase when one RBC unit was given (from 8.0% to 13.8%; p<0.001) 

from 2000–2010. Of the hospitalizations with RBC transfusion, 9.6% involved the use of one unit 

over the entire study period. The most common principal diagnoses for medical patients receiving 

transfusion were anemia, malignancy, heart failure, pneumonia and renal failure. Over time, 

transfusion utilization increased in patients who were admitted for infection (p=0.009).

Conclusion—Blood transfusions in three VHA hospitals have decreased over time for surgical 

patients but remained the same for medical patients. Further study examining appropriateness of 

blood products in medical patients appears necessary.
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INTRODUCTION

Transfusion practices during hospitalization have changed considerably over the past two 

decades. Guided by evidence from randomized controlled trials, patient blood management 

programs have been expanded [1]. Such programs include recommendations regarding 

minimization of blood loss during surgery, prevention and treatment of anemia, strategies for 

reducing transfusions in both medical and surgical patients, improved blood utilization, 

education of health professionals, and standardization of blood management-related metrics 

[2]. Some of the guidelines have been incorporated into the Choosing Wisely initiative of the 

American Board of Internal Medicine Foundation, including: (a) don’t transfuse more units 

of blood than absolutely necessary, (b) don’t transfuse red blood cells for iron deficiency 

without hemodynamic instability, (c) don’t routinely use blood products to reverse warfarin, 

and (d) don’t perform serial blood counts on clinically stable patients [3]. Although there has 

been growing interest in blood management, only 37.8% of the 607 AABB (formerly, 

American Association of Blood Banks) facilities in the United States reported having a 

patient blood management program in 2013 [2].

While the importance of blood safety is recognized, data regarding the overall trends in 

practices are conflicting. A study using the Nationwide Inpatient Sample indicated that there 

was a 5.6% annual mean increase in the transfusion of blood products from 2002 to 2011 in 

the United States [4]. This contrasts with the experience of Kaiser Permanente in Northern 

California, in which the incidence of RBC transfusion decreased by 3.2% from 2009 to 2013 

[5]. A decline in rates of intraoperative transfusion was also reported among elderly Veterans 

in the United States from 1997 to 2009 [6].

We conducted a study in hospitalized Veterans with two main objectives: (a) to evaluate 

trends in utilization of red blood cells (RBC), platelets and plasma over time, and (b) to 

identify those groups of Veterans who received specific blood products. We were 

particularly interested in transfusion use in medical patients.

METHODS

Participants were hospitalized Veterans at three Department of Veterans Affairs (VA) 

medical centers. Data from all hospitalizations were collected from January of 2000 through 

December of 2010. Blood bank data (including the type and volume of products 

administered) were available electronically from each hospital. These files were linked to 

inpatient data, which included ICD-9-CM diagnoses (principal and secondary) and 

procedures during hospitalization.

Statistical analyses were conducted using generalized linear models to evaluate trends over 

time. The unit of observation was hospitalization, with categorization by type. Surgical 

hospitalizations were defined as admissions in which any surgical procedure occurred, 

whereas medical hospitalizations were defined as admissions without any surgery. Alpha 

was set at 0.05, 2-tailed. All analyses were conducted in Stata/MP 14.1. The study received 

human subjects institutional review board approval from the VA Ann Arbor Healthcare 

System.
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RESULTS

From 2000 through 2010, there were 176,521 hospitalizations in 69,621 patients. Within this 

cohort, 6% were <40 years of age, 66% were 40–69 years of age, and 28% were 70 years or 

older at the time of admission. In this cohort, 96% of patients were male. Overall, 13.6% of 

all hospitalizations involved transfusion of a blood product (12.7% RBCs, 1.4% platelets, 

3.0% plasma).

Transfusion occurred in 25.2% of surgical hospitalizations and 5.3% in medical 

hospitalizations. For surgical hospitalizations, transfusion use peaked in 2002 (when 30.9% 

of the surgical hospitalizations involved a transfusion) and significantly declined afterwards 

(p<0.001). By 2010, 22.5% of the surgical hospitalizations involved a transfusion. Most of 

the surgeries where blood products were transfused involved cardiovascular procedures. For 

medical hospitalizations only, there was no significant change in transfusion use over time, 

either from 2000 to 2010 (p=0.126) or from 2002 to 2010 (p=0.072). In 2010, 5.2% of the 

medical hospitalizations involved a transfusion.

Rates of transfusion varied by principal diagnosis (Figure 1). For patients admitted with a 

principal diagnosis of infection (n= 20,981 hospitalizations), there was an increase in the 

percentage of hospitalizations in which transfusions (RBC, platelet, plasma) were 

administered over time (p=0.009) (Figure 1). For patients admitted with a principal 

diagnosis of malignancy (n=12,904 hospitalizations), cardiovascular disease (n=40,324 

hospitalizations), and other diagnoses (n=102,312 hospitalizations), there were no 

significant linear trends over the entire study period (p=0.191, p=0.052, p=0.314, 

respectively). Rather, blood utilization peaked in year 2002 and significantly declined 

afterwards for patients admitted for malignancy (p<0.001) and for cardiovascular disease 

(p<0.001).

The most common principal diagnoses for medical patients receiving any transfusion 

(RBCs, platelet, plasma) are listed in Table 1. For medical patients with a principal diagnosis 

of anemia, 88% of hospitalizations involved a transfusion (Table 1). Transfusion occurred in 

6–11% of medical hospitalizations with malignancies, heart failure, pneumonia or renal 

failure (Table 1). A considerable proportion (43%) of medical patients with gastrointestinal 

hemorrhage received a transfusion.

Among blood products, transfusion of RBCs was most common (Table 2). Medical patients 

received RBCs in 12% (403/3497) of the hospitalizations where the principal diagnosis was 

malignancy, 4% (814/20,008) of the hospitalizations where the principal diagnosis was 

cardiovascular disease, 5% (643/12,111) of the hospitalizations where the principal 

diagnosis was infection, and 5% (3,211/67,104) of the hospitalizations for other principal 

diagnoses (Table 2). Coronary atherosclerosis was the most common principal diagnosis in 

patients who received RBCs, followed by hemorrhage of the gastrointestinal tract, anemia, 

and acute kidney failure (Table 3). In these patients, 90-day mortality (from hospital 

admission) was 30.9% in patients with a principal diagnosis of pneumonia, 27.3% in those 

with congestive heart failure and 26.4% in those with acute kidney failure. The most 
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common surgical procedures associated with RBC transfusion were cardiac, excisional 

debridement, amputation, and hip/knee replacement (Table 3).

There was variation in the volume of RBCs used over the time period of the study (Figure 

2). Of all the hospitalizations in which a RBC transfusion occurred, 9.6% (2,154/22,344) 

involved the use of only one unit, 43.8% (9,791/22,344) involved two units, and 46.5% 

(10,399/22,344) involved three or more units during the hospitalization. From 2000 through 

2010, there was a 20.3% reduction in the proportion of hospitalizations in which three or 

more units of RBCs were given (from 51.7% to 41.1%; p<0.001). That is, among those 

hospitalizations in which a RBC transfusion occurred, a smaller proportion of 

hospitalizations involved the administration of three or more units of RBCs from 2000 

through 2010 (Figure 2). There was an 11.5% increase in the proportion of hospitalizations 

in which two units of RBCs were used (from 40.4% to 45.0%; p<0.001). In addition, there 

was a 73.6% increase in the proportion of hospitalizations in which one RBC unit was given 

(from 8.0% to 13.8%; p=0.001).

Use of platelets or plasma in hospitalized Veterans was considerably lower than that of 

RBCs (Table 2). When platelets or plasma were used, it was most frequently for patients 

who underwent cardiac surgery, regardless of the principal diagnosis. The use of platelets 

and plasma was low in medical patients (<1% and <1% of hospitalizations, respectively). 

Overall, the mean platelet volume was 12.5 mL/hospitalization in year 2000, declined to 5.2 

mL/hospitalization in 2008, and then rose to 16.8 mL/hospitalization in 2010. For plasma, 

the mean mL/hospitalization was 28.9 in year 2000, increased to 50.1 mL/hospitalization in 

year 2008, and declined, thereafter, to 35.1 mL/hospitalization in year 2010.

DISCUSSION

In this population of Veterans who received care at three medical centers in the Midwestern 

United States, patterns of transfusion utilization over time differed in medical and surgical 

patients. For surgical patients, transfusion rates decreased from 2002 through 2010; in 

medical patients, blood usage remained constant. Trends in transfusion utilization varied by 

the principal diagnosis of the patient. For patients admitted for infection, blood product use 

significantly increased over time. For patients admitted to the hospital for cardiovascular 

disease or malignancy, the rate of transfusion decreased from 2002 through 2010.

We also observed secular trends in the volume of RBCs administered. There was an increase 

in the percentage of hospitalizations in which one or two RBC units were used and a decline 

in transfusion of three or more units. The reduction in the use of three or more RBC units 

may reflect the adoption and integration of recommendations in patient blood management 

by clinicians, which encourage assessment of the patients’ symptoms in determining 

whether additional units are necessary [7]. Such guidelines also endorse the avoidance of 

routine administration of two units of RBCs if one unit is sufficient [8]. We have previously 

shown that, after coronary artery bypass grafting, two RBC units doubled the risk of 

pneumonia [9]; additional analyses indicated that one or two units of RBCs were associated 

with increased post-operative morbidity [10]. In addition, our previous research indicated 

that the probability of infection increased considerably between one and two RBC units, 

Rogers et al. Page 4

J Clin Outcomes Manag. Author manuscript; available in PMC 2018 September 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



with a more gradual increase beyond two units [11]. With this evidence in mind, some 

studies at single sites have reported that there was a dramatic decline from two RBC units 

before initiation of patient blood management programs to one unit after the programs were 

implemented [12,13].

Chen and colleagues monitored intraoperative RBC utilization from 1997 to 2009 in older 

Veterans who underwent noncardiac surgery [6]. They found a decline in RBC utilization 

rates over time, which was accompanied by a significant increase in 30-day adjusted 

mortality in those with lower preoperative hematocrit values or significant blood loss. They 

reported no significant variation in transfusion rates and mortality over time in patients in 

which a transfusion was not indicated (higher hematocrit, little blood loss). In a different 

study, Rehm and colleagues instituted a program to encourage greater use of appropriate 

transfusions in a Veterans Affairs teaching hospital [14]. Their mandatory implementation of 

a transfusion request form led to a 26% decline in the use of RBC units with no increase in 

mortality. Consistent with our findings, others have found that transfusion is common in 

specific Veteran populations such as those with chronic kidney disease and anemia in 

inpatient settings [15].

Medical patients who received a transfusion were often admitted for reason of anemia, 

cancer, organ failure, or pneumonia. Some researchers are now reporting that blood use, at 

certain sites, is becoming more common in medical rather than surgical patients, which may 

be due to an expansion of patient blood management procedures in surgery [16]. There are a 

substantial number of patient blood management programs among surgical specialties and 

their adoption has expanded [17]. Although there are fewer patient blood management 

programs in the non-surgical setting, some have been targeted to internal medicine 

physicians and specifically, to hospitalists [1,18]. For example, a toolkit from the Society of 

Hospital Medicine centers on anemia management and includes anemia assessment, 

treatment, evaluation of RBC transfusion risk, blood conservation, optimization of 

coagulation, and patient-centered decision-making [19]. Additionally, bundling of patient 

blood management strategies has been launched to help encourage a wider adoption of such 

programs [20].

While guidelines regarding use of RBCs are becoming increasingly recognized, 

recommendations for the use of platelets and plasma are hampered by the paucity of 

evidence from randomized controlled trials [21,22]. There is moderate-quality evidence for 

the use of platelets with therapy-induced hypoproliferative thrombocytopenia in hospitalized 

patients [21], but low quality evidence for other uses. Moreover, a recent review of plasma 

transfusion in bleeding patients found no randomized controlled trials on plasma use in 

hospitalized patients although several trials were currently underway [22].

Our findings need to be considered in the context of the following limitations. The data were 

from three VHA hospitals so the results may not reflect patterns of usage at other hospitals. 

However, AABB reports that there has been a general decrease in transfusion of allogeneic 

whole blood and RBC units since 2008 at the AABB-affiliated sites in the United States [2]; 

this is similar to the pattern that we observed in surgical patients. In addition, we report an 

overall view of trends without having details regarding which specific factors influenced 
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changes in transfusion during this 11-year period. It is possible that the severity of 

hospitalized patients may have changed with time which could have influenced decisions 

regarding the need for transfusion.

In conclusion, the use of blood products decreased in surgical patients since 2002 but 

remained the same in medical patients in this VHA population. Transfusions increased over 

time for patients who were admitted to the hospital for reason of infection, but decreased 

since 2002 for those admitted for cardiovascular disease or cancer. The number of RBC 

units per hospitalization decreased over time. Additional surveillance is needed to determine 

whether recent evidence regarding blood management has been incorporated into clinical 

practice for medical patients, as we strive to deliver optimal care to our Veterans.
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Figure 1. 
Percentage of Hospitalizations with Transfusion, by Principal Diagnosis and Year
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Figure 2. 
Percentage of Hospitalizations by Number of Red Blood Cell Units and Year

Rogers et al. Page 9

J Clin Outcomes Manag. Author manuscript; available in PMC 2018 September 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Rogers et al. Page 10

Ta
b

le
 1

T
ra

ns
fu

si
on

 U
se

 f
or

 th
e 

M
os

t F
re

qu
en

t P
ri

nc
ip

al
 D

ia
gn

os
es

 in
 M

ed
ic

al
 H

os
pi

ta
liz

at
io

ns

T
ra

ns
fu

si
on

N
o 

T
ra

ns
fu

si
on

P
ri

nc
ip

al
 D

ia
gn

os
is

:
N

um
be

r 
(%

) 
of

H
os

pi
ta

liz
at

io
ns

L
O

S,
m

ed
ia

n
(I

Q
R

)
In

-H
os

pi
ta

l
M

or
ta

lit
y 

(%
)

N
um

be
r 

(%
) 

of
H

os
pi

ta
liz

at
io

ns

L
O

S,
m

ed
ia

n
(I

Q
R

)
In

-H
os

pi
ta

l
M

or
ta

lit
y 

(%
)

A
ne

m
ia

11
51

 (
88

%
)

2 
(1

–3
)

3 
(0

.3
%

)
15

8 
(1

2%
)

2 
(1

–3
)

2 
(1

%
)

M
al

ig
na

nc
y/

C
he

m
ot

he
ra

py
47

4 
(1

1%
)

5 
(3

–9
)

49
 (

10
%

)
37

89
 (

89
%

)
2 

(1
–5

)
26

5 
(7

%
)

H
ea

rt
 f

ai
lu

re
29

8 
(6

%
)

5 
(3

–8
)

22
 (

7%
)

48
55

 (
94

%
)

3 
(2

–5
)

60
 (

1%
)

Pn
eu

m
on

ia
/I

nf
lu

en
za

24
1 

(6
%

)
6 

(4
–9

)
17

 (
7%

)
36

01
 (

94
%

)
3 

(2
–5

)
10

7 
(3

%
)

R
en

al
 f

ai
lu

re
20

3 
(1

1%
)

5 
(3

–8
)

13
 (

6%
)

16
50

 (
89

%
)

3 
(2

–5
)

48
 (

3%
)

G
as

tr
oi

nt
es

tin
al

 h
em

or
rh

ag
e

18
7 

(4
3%

)
3 

(2
–4

)
17

 (
9%

)
24

6 
(5

7%
)

2 
(1

–3
)

9 
(4

%
)

U
ri

na
ry

 tr
ac

t i
nf

ec
tio

n
12

7 
(7

%
)

6 
(3

–8
)

4 
(3

%
)

17
13

 (
93

%
)

3 
(2

–5
)

20
 (

1%
)

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e
11

3 
(2

%
)

5 
(3

–8
)

3 
(3

%
)

46
26

 (
98

%
)

3 
(2

–4
)

55
 (

1%
)

A
cu

te
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n

11
3 

(1
2%

)
5 

(3
–8

)
9 

(8
%

)
81

2 
(8

8%
)

3 
(2

–5
)

68
 (

8%
)

R
es

pi
ra

to
ry

 f
ai

lu
re

61
 (

13
%

)
8 

(5
–1

4)
31

 (
51

%
)

39
3 

(8
7%

)
5 

(3
–9

)
94

 (
24

%
)

A
bb

re
vi

at
io

ns
: L

O
S,

 le
ng

th
 o

f 
st

ay
; I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e.

J Clin Outcomes Manag. Author manuscript; available in PMC 2018 September 01.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Rogers et al. Page 11

TA
B

L
E

 2

N
um

be
r 

of
 H

os
pi

ta
liz

at
io

ns
 w

ith
 T

ra
ns

fu
si

on
, b

y 
Pr

in
ci

pa
l D

ia
gn

os
is

 a
nd

 S
ur

ge
ry

R
B

C
P

la
te

le
ts

P
la

sm
a

P
ri

nc
ip

al
 D

ia
gn

os
is

:
N

um
be

r
T

ra
ns

fu
se

d
N

um
be

r 
N

ot
T

ra
ns

fu
se

d
P

er
ce

nt
T

ra
ns

fu
se

d
N

um
be

r
T

ra
ns

fu
se

d
N

um
be

r 
N

ot
T

ra
ns

fu
se

d
P

er
ce

nt
T

ra
ns

fu
se

d
N

um
be

r
T

ra
ns

fu
se

d
N

um
be

r 
N

ot
T

ra
ns

fu
se

d
P

er
ce

nt
T

ra
ns

fu
se

d

C
an

ce
r

  C
ar

di
ac

 S
ur

ge
ry

58
7

51
7

53
%

89
10

15
8%

15
9

94
5

14
%

  O
th

er
 S

ur
ge

ry
17

06
65

97
21

%
10

4
81

99
1%

26
2

80
41

3%

  N
o 

Su
rg

er
y

40
3

30
94

12
%

40
34

57
1%

36
34

61
1%

C
ar

di
ov

as
cu

la
r 

di
se

as
e

  C
ar

di
ac

 S
ur

ge
ry

42
93

10
13

6
30

%
11

48
13

28
1

8%
14

80
12

94
9

10
%

  O
th

er
 S

ur
ge

ry
67

7
52

10
11

%
21

58
66

<
1%

13
6

57
51

2%

  N
o 

Su
rg

er
y

81
4

19
19

4
4%

33
19

97
5

<
1%

10
8

19
90

0
1%

In
fe

ct
io

n

  C
ar

di
ac

 S
ur

ge
ry

12
70

29
02

30
%

12
4

40
48

3%
37

5
37

97
9%

  O
th

er
 S

ur
ge

ry
70

7
39

91
15

%
44

46
54

1%
21

0
44

88
4%

  N
o 

Su
rg

er
y

64
3

11
46

8
5%

33
12

07
8

<
1%

71
12

04
0

1%

O
th

er

  C
ar

di
ac

 S
ur

ge
ry

29
14

52
84

36
%

30
2

78
96

4%
88

8
73

10
11

%

  O
th

er
 S

ur
ge

ry
51

19
21

89
1

19
%

25
3

26
75

7
1%

11
34

25
87

6
4%

  N
o 

Su
rg

er
y

32
11

63
89

3
5%

19
5

66
90

9
<

1%
38

8
66

71
6

1%

J Clin Outcomes Manag. Author manuscript; available in PMC 2018 September 01.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Rogers et al. Page 12

Table 3

Most Frequent Principal Diagnoses and Surgical Procedures in Patients Receiving Red Blood Cells

Rank Code Description
Number of
Hospitalizations Mortality1

Diagnoses

1 414.01 Coronary atherosclerosis of native coronary artery 1697 4.3%

2 578.9 Hemorrhage of gastrointestinal tract, unspecified 633 16.4%

3 285.9 Anemia, unspecified 530 17.4%

4 584.9 Acute kidney failure, unspecified 436 26.6%

5 428.0 Congestive heart failure, unspecified 433 27.5%

6 280.9 Iron deficiency anemia, unspecified 422 8.1%

7 486 Pneumonia, organism unspecified 382 30.9%

8 410.71 Subendocardial infarction, initial episode of care 378 19.3%

9 441.4 Abdominal aneurysm without mention of rupture 365 7.4%

10 V57.89 Care involving other specified rehabilitation procedure 353 5.4%

11 185 Malignant neoplasm of prostate 333 9.6%

12 424.1 Aortic valve disorders 297 9.1%

Surgical Procedures

1 3961 Extracorporeal circulation auxiliary to open heart surgery 1954 6.0%

2 3615 Single internal mammary-coronary artery bypass 1648 4.6%

3 3612 (Aorto)coronary bypass of two coronary arteries 802 6.1%

4 3613 (Aorto)coronary bypass of three coronary arteries 585 4.6%

5 3929 Other (peripheral) vascular shunt or bypass 528 8.3%

6 8622 Excisional debridement of wound, infection, or burn 431 10.9%

7 3611 (Aorto)coronary bypass of one coronary artery 408 4.9%

8 8415 Other amputation below knee 345 9.6%

9 8151 Total hip replacement 343 4.4%

10 3925 Aorta-iliac-femoral bypass 336 5.4%

11 8154 Total knee replacement 332 1.8%

12 3522 Other replacement of aortic valve 324 8.0%

1
90-day mortality from hospital admission.
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