
Is surgical volume still the most accurate indicator of blood 
usage in the United States?

Alexandra Savinkina1,2, Mathew R. P. Sapiano3, James Berger4, and Sridhar V. Basavaraju1

1Office of Blood, Organ, and Other Tissue Safety, Division of Healthcare Quality Promotion, 
National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and 
Prevention, Atlanta, Georgia;

2Oak Ridge Institute for Science and Education, Oak Ridge, Tennessee;

3Division of Healthcare Quality Promotion, National Center for Emerging and Zoonotic Infectious 
Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia;

4US Department of Health & Human Services, Office of HIV/AIDS & Infectious Disease Policy, 
Office of the Assistant Secretary for Health, Washington, DC.

Abstract

BACKGROUND: Estimates of blood collection and use in the United States derived from the 

National Blood Collection and Utilization Survey (NBCUS) call for application of robust 

statistical methods in the analysis of survey data. Since 1993, annual inpatient surgical volume has 

been used as the main stratification variable for sampling and estimation. However, recent NBCUS 

results have shown a decrease in blood use in surgical settings, raising the possibility that inpatient 

surgical volume may no longer be the optimal stratification variable. The objective of this study is 

to explore factors affecting hospital blood utilization.

STUDY DESIGN AND METHODS: A multivariate generalized linear regression with a negative 

binomial distribution was used to determine which hospital characteristics best explained 

allogeneic red blood cell (RBC) use, using data from the 2015 NBCUS to determine hospital 

blood use and the 2013 annual American Hospital Association database to identify hospital 

characteristics.

RESULTS: Annual inpatient surgical volume explained the most variation in allogeneic RBC use 

among hospitals (pseudo-R2 of 70.8%). Additional variables, such as presence of an oncology 

service, were also statistically significant in the models but explained little additional variability in 

blood use.

CONCLUSION: These findings suggest that annual inpatient surgical volume is an appropriate 

indicator for estimating blood utilization in the United States. As trends in blood utilization 

continue to evolve, ongoing analytic efforts to understand indicators of blood use are necessary.

Address reprint requests to: Alexandra Savinkina, Office of Blood, Organ, and Other Tissue Safety, Division of Healthcare Quality 
Promotion, National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention Atlanta, 
Georgia, 1600 Clifton Rd, NE, MS D26, Atlanta, GA 30333; mxq1@cdc.gov. 

CONFLICTS OF INTEREST
The authors have disclosed no conflicts of interest.

HHS Public Access
Author manuscript
Transfusion. Author manuscript; available in PMC 2020 March 01.

Published in final edited form as:
Transfusion. 2019 March ; 59(3): 1125–1131. doi:10.1111/trf.15189.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The biennial National Blood Collection and Utilization Survey (NBCUS) is a primary data 

source for estimating blood use in the United States. The analytic design of this survey is 

based on stratification of hospitals by inpatient surgical volume, which is used as an 

indicator for blood usage within hospitals. Relying on inpatient surgical volume for facility 

sampling has been largely unchanged since the 1989 survey, in which annual inpatient 

surgical volume was compared with total number of hospital beds (which was used before 

1989 for sample design) for use as a stratification variable for estimation of red blood cell 

(RBC) use.1 Measures that reflect hospital size, such as number of beds, may be correlated 

with blood use because larger hospitals could have a larger number of patients overall, as 

well as the capacity to treat patients with more complex conditions who may require higher 

rates of transfusion. Therefore, before 1989, the total number of hospital beds was used for 

stratifying hospitals within NBCUS. In 1993, a regression analysis was used to study the 

association between RBC use in transfusing facilities to the total number of hospital beds or 

annual inpatient surgical volume at each facility.1 That analysis found that annual inpatient 

surgical volume explained more of the variation in hospital RBC use than total number of 

hospital beds and would therefore be a better indicator for estimating blood use for national 

surveys. Inpatient surgical volume may reflect both patient volume and the complexity of 

care requiring blood use.1 Since this 1993 report, annual inpatient surgical volume has been 

used as the primary stratification variable for each NBCUS.

Blood use in the United States has substantially changed over the past 3 decades due to 

evolving clinical practices and the introduction of new technologies. Since 2008, a 

significant decline in RBC transfusions has been observed in the United States.2–5 There 

was a 12.2% overall decline in hospital RBC use from 2013 to 2015, and the decline was 

most pronounced in hospitals performing 100 to 999 inpatient surgical procedures annually.2 

The number of RBC units transfused in surgical procedures decreased by an estimated 

41.5% from 2013 to 2015.6 RBC use has remained steady in high-acuity areas such as 

emergency departments and critical care settings.6–8 The large decline in RBC use in 

surgical settings raises the question of whether annual inpatient surgical volume remains the 

optimal stratification variable for predicting blood utilization.

We analyzed data from the 2015 NBCUS, together with additional hospital characteristics 

reported in the annual American Hospital Association (AHA) survey, to determine whether 

inpatient surgical volume is still the most accurate indicator of allogeneic RBC use. 

Allogeneic RBCs were the only blood component considered because they are the most 

commonly used blood product,2 and past NBCUS sampling methods have centered on 

correctly estimating allogeneic RBC use. The main analytic objective was to determine 

sampling variables that lead to the most accurate estimate of hospital allogeneic RBC use. 

Additionally, we attempted to forecast the demand for RBC use through 2020. Implications 

for modeling future demand for blood products are also discussed.

METHODS

To determine whether the number of inpatient surgical procedures performed annually is the 

most appropriate indicator of allogeneic RBC use, we conducted two separate analyses. 

These analyses were performed to determine the variability in transfusion between facilities 
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that could be attributed to specific facility characteristics. First, we repeated an analytic 

method previously described for NBCUS sample design that used ordinary least squares 

(OLS) linear regression, which assumes normally distributed residuals.9 This OLS 

regression was applied to 2015 NBCUS data using allogeneic RBC transfusion as the 

dependent variable and total number of hospital beds or annual inpatient surgical volume as 

independent variables. Based on analyses of the 2015 survey year, the NBCUS blood 

transfusion estimates at the hospital level are not well approximated by a normal 

distribution. Therefore, a log-transformation of RBC use was used to obtain adjusted R2 

estimates.

Given that NBCUS data are not normally distributed, a generalized linear model (GLM)10 

was also used to quantify the relationship between allogeneic RBC use and several 

explanatory variables (Table 1). GLMs are suited to this task as multiple variables can be 

assessed in the same model and model selection strategies can be used to determine which 

variables should be included in the optimal model.10 The number of allogeneic RBC units 

used in each facility was assumed to have a negative binomial error distribution—a common 

approach for modeling counts when overdispersion is likely.11–13 Forward model selection 

based on the Akaike information criterion (AIC)14 was used to determine the optimal metric, 

although the first step of model selection included only variables related to facility size 

(Table 1). Variables remained in the model only if they had a p value less than 0.05. We then 

used the Nagelkerke pseudo-R2 measure to assess the percentage of variability explained by 

the model.15 The interpretation of pseudo-R2 measures can be challenging because they do 

not have the same additive properties of the R2 obtained from OLS linear regression and 

therefore can be used appropriately only between nested models, such as those considered in 

this forward model selection.15

For these analyses, data related to allogeneic RBC use within hospitals were obtained from 

2015 NBCUS survey responses. This survey had a 73.8% response rate for trans-fusing 

hospitals.2 For hospital-related characteristics, we used the 2013 AHA database, as this was 

available at the time of 2015 NBCUS dissemination. Of the 6295 facilities in the 2013 AHA, 

2428 were excluded due to size (below the minimum threshold of 100 inpatient surgeries 

annually), location (outside of the 50 US states), ownership (Department of Defense 

hospitals were not surveyed), or service category (specialty and rehabilitation facilities were 

excluded). Of the 3867 facilities that met inclusion criteria for the 2015 NBCUS, all 

facilities performing at least 1000 surgeries in 2013 and a random sample of 40% of 

facilities performing between 100 and 999 surgeries in 2013 were sampled, with a final 

sample of 2883. The 40% sample of the smallest annual inpatient surgical volume hospitals 

was considered appropriate due to the high number of hospitals that were in this category 

(>1500) and the low mean amount of blood this strata of hospitals has historically used. Of 

2138 total respondents, 2050 reported the number of allogeneic RBCs transfused.

In addition to number of hospital beds and annual inpatient surgical volume, other variables 

available in the 2013 AHA database were considered for inclusion in these analyses. 

Variables considered in analysis are displayed in Table 1, where they are grouped by type as 

either size characteristics, service characteristics, or other characteristics. Size characteristics 

are factors identified as potential indicators of hospital size, such as total number of hospital 
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beds, number of medical/surgical beds, annual inpatient surgical volume, number of critical 

care (intensive care unit [ICU]) beds, and number of emergency room (ER) visits. Service 

characteristics denote the presence of hospital services that may affect blood usage, such as 

presence of a trauma unit and trauma center level designation, oncology (including bone 

marrow transplant service), obstetrics service level (level of capability to provide care for 

complex and high-risk pregnancies), and organ transplantation service. Other characteristics 

considered included region of the country (by US Public Health Service region),6 urban 

versus rural location, and presence of a residency training program. Continuous variables in 

AHA (total number of hospital beds, annual inpatient surgical volume, total number of 

medical/surgical beds, total number of ICU beds, and total number of ER visits) were 

stratified into six categories for the analysis to maintain consistency with the currently used 

annual inpatient surgical volume variable in NBCUS. Presence of a trauma service and 

trauma center level designation were combined into a single variable with three levels (no 

trauma service, trauma service, Level 1 trauma center). Similarly, presence of an oncology 

service and presence of a bone marrow transplant service were combined into a single three-

level variable (no oncology service, oncology service, bone marrow transplant service). A 

new variable was created to denote facilities that have any organ transplantation service 

(heart, kidney, liver, or lung transplantation service). Facilities lacking data for any variable 

of interest were excluded. A total of 1614 observations were used in modeling allogeneic 

RBC use.

We further projected RBC use to 2020 based on inputs of blood use indicators. The most 

recent report of NBCUS results included a comparison of RBC units transfused by hospital 

location in 2015 and 2013 based on matched facilities that responded in both years.6 

Hospital locations included in the analysis were surgery (including transplant), ER, inpatient 

medicine (including hematology-oncology), obstetrics-gynecology, pediatrics-neonatology, 

and critical care. An additional category, outpatient and nonacute inpatient settings, was 

available for 2015 but could not be accurately matched to 2013 data and was therefore not 

used for analysis. We used this 2-year trend to create projections of RBC use in 2020 under 

three scenarios and using several different methodological assumptions. A similar 

methodology was used in previous studies.16–18

Scenario 1 assumes all trends in RBC use continued as they had from 2013 to 2015 

(including all increases and decreases). Scenario 2 assumes that only decreases in RBC use 

occur (any hospital locations with increases in RBC use from 2013 to 2015 will be 

considered to have no change in blood use to 2020), representing the commonly held view 

that trends in RBC use come primarily from increased efficiency. Scenario 3 assumes that 

changes in RBC use are driven only by decreases in RBC use in the surgical setting, which 

was the only location type included in the survey that showed a statistically significant 

change between 2013 and 2015. The locations included in NBCUS do not represent all 

possible locations, so there is a residual between overall RBC use and RBC use in locations 

included. For each scenario, we considered the case where this residual either had no trend 

or where the trend in the residual was equivalent to the average trend across all other 

facilities. Finally, we considered both linear and percentage-by-year trends—the former 

allows RBC use to reach zero (locations with zero projections were truncated to zero), 

whereas the latter is more realistic and ensures that RBC use cannot be reduced to zero for a 
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particular location. In total, there were 12 possible combinations: 3 scenarios, each with the 

2 assumptions of trends in the residual and the 2 different ways of estimating trends. Not all 

of these 12 scenarios can be claimed to be realistic, but they are intended to represent the 

range of plausible values. All analysis was conducted using software (SAS version 9.4, SAS 

Institute Inc.).

RESULTS

The adjusted-R2 values obtained from the OLS linear regression of allogeneic RBC use in 

the 2015 NBCUS data were consistent with those previously reported,1 with an R2 value of 

61.6% for annual inpatient surgical volume using 2015 NBCUS data (Table 2) compared to 

64% (69%) reported by Wallace and colleagues1 for the 1987 (1989) NBCUS. The adjusted 

R2 value for total number of hospital beds was 54.0% using the 2015 NBCUS data (Table 2) 

compared to 51% reported for both the 1989 and 1987 surveys.1 Applying a log-transform to 

the number of allogeneic RBC units transfused did not significantly change the results 

(Table 2).

Table 2 shows the AIC and pseudo-R2 values obtained from the regression of allogeneic 

RBC use on the hospital size proxy variables from Table 1, including annual inpatient 

surgical volume and total number of hospital beds. Annual inpatient surgical volume 

accounted for 70.8% of the variation in allogeneic RBC use among hospitals, total number 

of hospital beds accounted for 66.5%, number of ICU beds accounted for 54.2%, number of 

medical/surgical beds accounted for 52.0%, and number of ER visits accounted for 43.8%. 

This suggests that annual inpatient surgical volume remains the best predictor of allogeneic 

RBC use, which is in agreement with the OLS linear regression estimate. Annual inpatient 

surgical volume was identi-fied as the optimal hospital size variable for inclusion in the 

model, and all other hospital size proxy variables were excluded from nested models due to 

high collinearity with annual inpatient surgical volume.

Table 3 shows AIC, p values, and pseudo-R2 values from each step of the forward model 

selection applied to allogeneic RBC use. As described above, the first variable included in 

the model was annual inpatient surgical volume, which had a pseudo-R2 value of 70.8%. 

The next variable added to the model was the three-level oncology service variable. The 

model with annual inpatient surgical volume and oncology service had a pseudo-R2 value of 

73.3%. Although pseudo-R2 values cannot be considered additive in the sense of the 

traditional R2 measure, this shows that inclusion of oncology provided little additional 

information when compared to the model that included annual inpatient surgical volume 

alone. USPHS region, Level 2/3 OB service, trauma service, urban location, organ transplant 

service, and residency training program were all statistically significant within the model 

with annual inpatient surgical volume and oncology service, but the addition of these 

variables resulted in only a minor increase in the pseudo-R2 of the model, to a total of 

76.3%. While the full model is statistically significant, it may not offer better predictive 

power than the model only containing annual inpatient surgical volume.

RBC use was projected up to the year 2020 with 12 possible modeled outcomes considered 

(see Methods). Not all of the modeled outcomes are equally likely but were used to give 
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upper and lower bounds on projected RBC use. Figure 1 shows RBC collections from 1992 

to 2015 and transfusions from 1997 to 2015, with 3 of the 12 modeled outcomes (the models 

with the largest and smallest decreases as well as a third model based on a continuation of 

previously observed trends in declining surgical RBC use with consistent RBC use across 

other clinical settings) extending to 2020. The model using Scenario 1 (includes increases/

decreases from all locations) with a percentage trend, and assuming locations not included in 

NBCUS had zero trend, had a 7.6% decrease between 2015 and 2020 and formed the upper 

bound for our projections of RBC use. The model using Scenario 2 (uses only decreasing 

RBC trends) with a linear trend and assuming locations not included in the NBCUS had a 

trend equivalent to the average trend over other locations had a 23.2% decrease in RBC use 

and formed the lower bound of our projections. This lower bound involved setting surgical 

setting RBC use to zero.

DISCUSSION

Our analyses suggest that annual inpatient surgical volume remains the optimal indicator to 

explain the variation in allogeneic RBC use, explaining 70.8% of variation in allogeneic 

RBC use among hospitals. This central finding was evident despite the previously observed 

decline of blood use in surgical procedures. Annual inpatient surgical volume explained 

more variation in hospital RBC use than total number of hospital beds, number of medical/

surgical beds, number of ICU beds, and number of ER visits. Several other hospital 

characteristic variables, for example, hospital bed size, were statistically significant in the 

model for allogeneic RBC use, but they explained little additional variability when 

considered in the model that included annual inpatient surgical volume. The relative 

importance of annual inpatient surgical volume as an explanatory factor may be due to this 

variable serving as a proxy for clinical complexity and, more specifically, operative care 

requiring transfusions. Further study is necessary.

The findings of this study may provide useful guidance to possible future changes in demand 

for blood products, particularly given the continued relationship between annual inpatient 

surgical volume and RBC use. Since 2008, a steep and relatively constant decline in blood 

use has been noted through NBCUS surveys. One recent description of challenges facing the 

blood industry has proposed a continued reduction in US blood use over the coming years 

by a 40% decline by 2020.19 However, the decline, as observed from the NBCUS, appears 

largely attributable to reduction in transfusions for surgical procedures and was essentially 

static, from a statistical standpoint, in many settings where blood remains a critical clinical 

intervention (including ICU, trauma, hematology/oncology).6 Our projections for RBC use 

in 2020, using the change from 2013 to 2015 for each surgical use category,6 suggest that a 

decrease in RBC use of between 7.6% and 23.2% by 2020 may be plausible. However, even 

with the implausible scenario of a total reduction in surgical blood usage to zero, the present 

analyses project a maximal reduction in RBC use of 23.2% by 2020.

The findings of this study are subject to the following limitations. First, the explanatory 

variables in the GLM were obtained from the AHA database, and as such the analysis was 

limited to only those hospital characteristics that were collected by the AHA. It is possible 

that additional hospital characteristics not captured by the AHA could further explain 
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hospital RBC use more effectively than the variables for which we have access. The impact 

on the estimates presented here cannot be quantified. Second, the NBCUS and the AHA are 

both self-reported surveys. The subsequent impact of respondent bias or other inaccuracies 

in recording or reporting cannot be quantified. However, responses are typically compared to 

prior years (when available) and subjected to additional logic checks as part of data analyses. 

Third, the projections of declining RBC use to 2020 are based on assumptions derived from 

short-term historical trends in blood use. These calculations do not incorporate unforeseen 

major disruptions in blood demand. These may include emerging new technologies that 

further obviate the need for blood or factors that may drive new demand for blood (e.g., 

emerging clinical conditions or therapies requiring transfusion). Finally, the NBCUS does 

not capture clinical diagnoses for transfusion use, but rather facilities report clinical settings 

in which blood was transfused. Therefore, it is possible that blood use as reported in surgical 

settings may not be for surgical procedures. The impact on these estimates cannot be 

quantified.

In conclusion, our analysis found that annual inpatient surgical volume continues to be the 

most appropriate indicator of allogeneic RBC use within hospitals, although RBC use in the 

surgical setting has decreased in recent years.6 As trends in blood use continue to change, 

and particularly if blood use during inpatient surgical procedures continues a steep decline, 

continued evaluation of allogeneic RBC use indicators will be necessary. Additionally, our 

projections for RBC use in 2020 suggest a steady decline in blood use. Further study into 

blood transfusion trends and clinical impact, including availability of units in surgical and 

non-surgical settings, is warranted.
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Fig. 1. 
Actual and projected RBC unit use through 2020 for the United States based on the 2015 

NBCUS estimates. Black lines indicate distributed units (solid) and transfused units (dashed) 

up to and including 2015. Gray lines indicate projected RBC transfusion estimates under 

three possible scenarios.

Savinkina et al. Page 9

Transfusion. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Savinkina et al. Page 10

TA
B

L
E

 1
.

H
os

pi
ta

l c
ha

ra
ct

er
is

tic
s,

 in
cl

ud
in

g 
si

ze
 p

ro
xy

 v
ar

ia
bl

es
, s

er
vi

ce
 c

ha
ra

ct
er

is
tic

s,
 a

nd
 o

th
er

 c
ha

ra
ct

er
is

tic
s 

ex
pe

ct
ed

 to
 h

av
e 

an
 e

ff
ec

t o
n 

am
ou

nt
 o

f 
bl

oo
d 

us
ed

 b
y 

a 
ho

sp
ita

l

V
ar

ia
bl

e 
de

sc
ri

pt
io

n
N

um
be

r 
of

 c
at

eg
or

ie
s

V
ar

ia
bl

e 
ca

te
go

ri
es

Ju
st

if
ic

at
io

n 
fo

r 
in

cl
us

io
n

Si
ze

 c
ha

ra
ct

er
is

tic
s

To
ta

l n
um

be
r 

of
 h

os
pi

ta
l b

ed
s

6
6–

99
, 1

00
–1

99
, 2

00
–2

99
, 3

00
–3

99
 4

00
–4

99
, 5

00
+

In
 th

e 
pa

st
, t

ot
al

 n
um

be
r 

of
 h

os
pi

ta
l b

ed
s 

w
as

 u
se

d 
fo

r 
sa

m
pl

in
g 

an
d 

w
ei

gh
tin

g 
in

 N
B

C
U

S 
an

al
ys

is
.

N
um

be
r 

of
 m

ed
ic

al
/s

ur
gi

ca
l b

ed
s

6
1–

29
, 3

0–
65

, 6
6–

10
1,

 1
02

–1
51

, 1
52

–2
29

, 2
30

+
T

he
 m

aj
or

ity
 o

f 
bl

oo
d 

pr
od

uc
ts

 a
re

 u
se

d 
in

 in
pa

tie
nt

 m
ed

ic
al

 s
et

tin
gs

 a
nd

 
su

rg
ic

al
 s

et
tin

gs
.6

A
nn

ua
l i

np
at

ie
nt

 s
ur

gi
ca

l v
ol

um
e

6
10

0–
99

9,
 1

00
0–

13
99

, 1
40

0–
23

99
, 2

40
0–

49
99

, 5
00

0–
79

99
, 8

00
0+

H
as

 b
ee

n 
us

ed
 f

or
 s

am
pl

in
g 

an
d 

w
ei

gh
tin

g 
in

 N
B

C
U

S 
an

al
ys

is
 s

in
ce

 1
99

3.
 

Si
gn

if
ic

an
t a

m
ou

nt
 o

f 
bl

oo
d 

is
 u

se
d 

in
 s

ur
gi

ca
l s

et
tin

gs
.6

N
um

be
r 

of
 I

C
U

 b
ed

s
6

1–
3,

 4
–9

, 1
0–

13
, 1

4–
19

, 2
0–

31
, 3

2+
T

ra
ns

fu
si

on
, e

sp
ec

ia
lly

 o
f 

re
d 

bl
oo

d 
ce

lls
, i

s 
co

m
m

on
 in

 I
C

U
 p

at
ie

nt
s.

7  
A

n 
es

tim
at

ed
 9

%
 to

 4
0%

 o
f 

IC
U

 p
at

ie
nt

 r
ec

ei
ve

 a
 p

la
te

le
t t

ra
ns

fu
si

on
,20

 a
nd

 in
 

on
e 

m
ul

tis
ite

 s
tu

dy
 1

2.
7%

 r
ec

ei
ve

d 
a 

pl
as

m
a 

tr
an

sf
us

io
n.

21

N
um

be
r 

of
 E

R
 v

is
its

6
1 

−
11

,7
10

, 1
1,

71
0–

23
,7

64
, 2

3,
76

5–
34

,5
23

, 3
4,

52
4–

48
,2

76
, 4

8,
27

7–
68

,3
51

, 6
8,

35
2+

T
ra

ns
fu

si
on

 o
f 

R
B

C
s,

 p
la

te
le

ts
, a

nd
 p

la
sm

a 
ar

e 
co

m
m

on
 in

 tr
au

m
a 

ca
se

s.
8

Se
rv

ic
e 

ch
ar

ac
te

ri
st

ic
s

T
ra

um
a 

se
rv

ic
e 

at
 h

os
pi

ta
l

3
N

o 
tr

au
m

a 
se

rv
ic

e/
L

ev
el

 2
–4

 tr
au

m
a 

se
rv

ic
e/

L
ev

el
 1

 
tr

au
m

a 
se

rv
ic

e
T

ra
ns

fu
si

on
 o

f 
R

B
C

s,
 p

la
te

le
ts

, a
nd

 p
la

sm
a 

ar
e 

co
m

m
on

 in
 tr

au
m

a 
ca

se
s.

8

O
nc

ol
og

y 
se

rv
ic

e 
at

 h
os

pi
ta

l
3

N
o 

on
co

lo
gy

 s
er

vi
ce

/g
en

er
al

 o
nc

ol
og

y 
se

rv
ic

e/
on

co
lo

gy
 w

ith
 b

on
e 

m
ar

ro
w

 tr
an

sp
la

nt
 s

er
vi

ce

B
ot

h 
ca

nc
er

s 
an

d 
ca

nc
er

 tr
ea

tm
en

ts
 c

an
 le

ad
 to

 lo
w

 b
lo

od
 c

ou
nt

s,
 

in
cl

ud
in

g 
an

em
ia

.22
 B

on
e 

m
ar

ro
w

 tr
an

sp
la

nt
 p

at
ie

nt
s 

ad
di

tio
na

lly
 r

eq
ui

re
 

ex
te

ns
iv

e 
bl

oo
d 

pr
od

uc
t t

ra
ns

fu
si

on
.23

L
ev

el
 2

/3
 o

bs
te

tr
ic

 u
ni

t
2

N
o 

O
B

 s
er

vi
ce

 o
r 

L
ev

el
 1

 O
B

 s
er

vi
ce

/L
ev

el
 2

 o
r 

3 
O

B
 

se
rv

ic
e

T
ra

ns
fu

si
on

 o
f 

bl
oo

d 
pr

od
uc

ts
 is

 c
om

m
on

 p
ra

ct
ic

e 
in

 m
or

e 
di

ff
ic

ul
t 

ob
st

et
ri

cs
 c

as
es

 d
ue

 to
 a

cu
te

 b
lo

od
 lo

ss
.24

T
ra

ns
pl

an
t s

er
vi

ce
 a

t h
os

pi
ta

l (
he

ar
t, 

lu
ng

, k
id

ne
y,

 li
ve

r)
2

Y
es

/N
o

T
he

 m
aj

or
ity

 o
f 

bl
oo

d 
pr

od
uc

ts
 a

re
 u

se
d 

in
 in

pa
tie

nt
 m

ed
ic

al
 s

et
tin

gs
 a

nd
 

su
rg

ic
al

 s
et

tin
gs

.6

O
th

er
 c

ha
ra

ct
er

is
tic

s

U
SP

H
S 

re
gi

on
10

10
 U

SP
H

S 
re

gi
on

s 
(S

ee
 S

ap
ia

no
 e

t a
l.6  

fo
r 

st
at

es
 

in
cl

ud
ed

 in
 e

ac
h 

re
gi

on
)

R
eg

io
na

l d
if

fe
re

nc
es

 m
ay

 e
xi

st
 in

 b
lo

od
 tr

an
sf

us
io

n 
pr

ac
tic

es
.

U
rb

an
 lo

ca
tio

n
2

M
et

ro
/D

iv
is

io
n,

 R
ur

al
/M

ic
ro

T
ra

ns
fu

si
on

 p
ra

ct
ic

es
 m

ay
 v

ar
y 

du
e 

to
 a

n 
ur

ba
n 

or
 a

 r
ur

al
 lo

ca
tio

n.

R
es

id
en

cy
 tr

ai
ni

ng
 p

ro
gr

am
2

Y
es

/N
o

Te
ac

hi
ng

 h
os

pi
ta

ls
 a

nd
 n

on
te

ac
hi

ng
 h

os
pi

ta
ls

 m
ay

 d
if

fe
r 

in
 b

lo
od

 
tr

an
sf

us
io

n 
pr

ac
tic

es
.

E
R

 =
 e

m
er

ge
nc

y 
ro

om
; I

C
U

 =
 in

te
ns

iv
e 

ca
re

 u
ni

t; 
N

B
C

U
S 

=
 N

at
io

na
l B

lo
od

 C
ol

le
ct

io
n 

an
d 

U
til

iz
at

io
n 

Su
rv

ey
; U

SP
H

S 
=

 U
S 

Pu
bl

ic
 H

ea
lth

 S
er

vi
ce

.

Transfusion. Author manuscript; available in PMC 2020 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Savinkina et al. Page 11

TA
B

L
E

 2
.

C
om

pa
ri

so
n 

of
 h

os
pi

ta
l s

iz
e 

pr
ox

y 
va

ri
ab

le
s 

fo
r 

ex
pl

ai
ni

ng
 a

llo
ge

ne
ic

 R
B

C
 u

ni
t u

se
 v

ar
ia

bi
lit

y

A
dj

us
te

d 
R

2
A

dj
us

te
d 

R
2  

(l
og

-t
ra

ns
fo

rm
ed

 R
B

C
)

A
IC

P
se

ud
o-

R
2

A
nn

ua
l i

np
at

ie
nt

 s
ur

gi
ca

l v
ol

um
e

61
.6

%
64

.2
%

28
,1

36
70

.8
%

To
ta

l n
um

be
r 

of
 h

os
pi

ta
l b

ed
s

54
.0

%
60

.9
%

28
,3

55
66

.5
%

N
um

be
r 

IC
U

 b
ed

s
…

…
28

,8
63

54
.2

%

N
um

be
r 

of
 E

R
 v

is
its

…
…

29
,1

92
43

.8
%

N
um

be
r 

of
 m

ed
ic

al
/s

ur
gi

ca
l b

ed
s

…
…

28
,9

37
52

.0
%

A
IC

 =
 A

ka
ik

e 
in

fo
rm

at
io

n 
cr

ite
ri

on
; E

R
 =

 e
m

er
ge

nc
y 

ro
om

; I
C

U
 =

 in
te

ns
iv

e 
ca

re
 u

ni
t.

Transfusion. Author manuscript; available in PMC 2020 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Savinkina et al. Page 12

TABLE 3.

Final model for allogeneic RBC use in hospitals

AIC p value* Pseudo-R2

Null model 30,112 … 0.0%

Step 1: Annual inpatient surgical volume 28,136 <0.0001 70.8%

Step 2: Model from Step 1 + oncology service 27,993 <0.0001 73.3%

Step 3: Model from Step 2 + USPHS region 27,922 <0.0001 74.8%

Step 4: Model from Step 3 + Level 2/3 OB service 27,873 <0.0001 75.6%

Step 5: Model from Step 4 + trauma service 27,857 <0.0001 75.8%

Step 6: Model from Step 5 + urban location 27,845 0.0002 76.1%

Step 7: Model from Step 6 + organ transplant service 27,836 0.0009 76.2%

Step 8: Model from Step 7 + residency training program 27,835 0.0490 76.3%

*
P value refers to significance of last-added variable.

AIC = Akaike information criterion; USPHS = US Public Health Service.
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