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Single-unit transfusions and hemoglobin trigger:

relative impact on red cell utilization
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BACKGROUND: Patient blood management (PBM)

programs can reduce unnecessary transfusions, but the

optimal methods used to achieve this effect are unclear.

We tested the hypothesis that encouraging single-unit

red blood cell (RBC) transfusions in stable patients would

have a greater impact on blood use than compliance with

a specific hemoglobin (Hb) transfusion trigger alone.

STUDY DESIGN AND METHODS: We analyzed

blood utilization data at three community hospitals

without previous PBM efforts before and after

implementing a PBM program. Data were analyzed at

monthly intervals to determine the relative impact of a

“Why give 2 when 1 will do?” campaign promoting single-

unit RBC transfusions and simultaneous efforts to

promote evidence-based Hb triggers of 7 or 8 g/dL.

Univariate and multivariate analyses were used to

identify independent effects of these two interventions on

overall RBC utilization.

RESULTS: Univariate analysis revealed that both the

increase in single-unit transfusions (from 38.0% to

70.9%; p< 0.0001) and the decrease in RBC orders with

an Hb trigger of at least 8 g/dL (from 45.7% to 25.0%;

p<0.0001) were associated with decreasing RBC

utilization. Multivariate analysis showed that the increase

in single-unit transfusions was an independent predictor

of decreased RBC utilization, but the Hb triggers of both

7 and 8 g/dL were not. Overall, our PBM efforts

decreased RBC utilization from 0.254 to 0.185 units/

patient (27.2%) across all three hospitals (p 5 0.0009).

CONCLUSIONS: A campaign promoting single-unit

RBC transfusions had a greater impact on RBC

utilization than did encouraging a restrictive transfusion

trigger.

B
lood transfusion has been identified by the Joint

Commission as one of the top five overused pro-

cedures in hospitalized patients.1 This determi-

nation is based on evidence from rigorously

conducted, prospective, randomized trials2-9 supporting

restrictive hemoglobin (Hb) thresholds for red blood cell

(RBC) transfusion. In those trials, RBC transfusions were

given to patients at either lower (7-8 g/dL) or higher

(9-10 g/dL) Hb thresholds, and the clinical outcomes were

either the same or better using the lower (restrictive)

thresholds, indicating that giving more blood than neces-

sary either is not helpful or is actually harmful. It should

be noted that these study protocols incorporated single-

unit transfusions, and patients were reassessed before

additional units were given.

Patient blood management (PBM) programs are

becoming increasingly popular in order to diminish risk,

improve outcomes, and reduce the costs associated with

excessive blood utilization.10,11 In 2016, the AABB began

to offer a hospital certification program for PBM; however

despite this interest in PBM, the optimal methods to

efficiently reduce unnecessary RBC transfusions are not

well defined. The most common method is to focus on an

evidence-based, restrictive Hb trigger, which is the Hb
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concentration at which RBC transfusion is initiated. The

second method, which is less commonly discussed, is to

reduce the amount of blood that is given by encouraging

single-unit RBC transfusions when patients are hemody-

namically stable and not actively bleeding. In this way, the

optimal dose of blood can be titrated to achieve an

evidence-based Hb target, which has been defined as the

Hb concentration after the transfusion is completed.12

The transfusion literature and the randomized trials pri-

marily emphasize the Hb trigger but rarely discuss the Hb

target, and the difference between these two values is

directly related to the dose of blood. Historically, back in

the 1980s and 1990s, physicians were trained to give

two-unit RBC transfusions, and single-unit transfusions

were thought to be unnecessary.13 Now it is recognized

that single RBC units are often adequate to treat the signs

and symptoms of anemia,14 but this practice has not been

fully adopted.

In an effort to determine the optimal methods of

reducing unnecessary RBC transfusions, we examined

data from three community hospitals in our health system

before and after a PBM program was initiated. Specifically,

we wished to compare the relative effectiveness of encour-

aging evidence-based Hb triggers versus single-unit RBC

transfusions in reducing overall RBC utilization. Our

hypothesis was that a single-unit policy would have a

greater impact than compliance with Hb trigger guide-

lines, indicating that the dose of blood is an important

determinant of overall blood utilization.

METHODS

Institutional review board approval was obtained to assess

changes in blood utilization across the Johns Hopkins

Health System. After establishing a PBM program at the

Johns Hopkins Hospital in 2012, we expanded the pro-

gram to three affiliated community hospitals in the Johns

Hopkins Health System. The timeline of PBM activities for

these three hospitals that were the setting for the current

study is illustrated in Figure 1. These hospitals had no

pre-existing PBM efforts in place before our intervention.

The first step (in July 2014) was to harmonize transfusion

guidelines throughout the health system by coming to an

agreement on RBC transfusion indications, which includ-

ed Hb-driven transfusion thresholds based on the eight

randomized trials2-9 supporting a restrictive transfusion

strategy.

The second step, which commenced in April 2015,

was a campaign called “Why give 2 when 1 will do?” for

RBCs and was based on the AABB Choosing Wisely guide-

lines.14 This campaign was launched at the same time as

the Hb trigger guideline compliance efforts. The details of

this initiative have been previously described.15 The cam-

paign was launched with articles in health system news-

letters and with screen-saver messages on hospital

workstation computers across the system with a message

encouraging single-unit transfusions in hemodynamically

stable, nonbleeding patients. At the same time (April

2015), we began sending quarterly “report cards” to all

attending physicians separated by individual depart-

ments. The two metrics in these report cards were the

proportion of RBC orders that were for single-unit versus

at least 2-unit transfusions, and the proportion of orders

with preceding Hb levels of less than 7, 7 to 7.9, and 8 g/dL

or more, as we have previously described.16 If there was

no Hb measurement within 24 hours before the transfu-

sion order, then it was considered to be missing. These

reports were generated from our interactive dashboards,

which acquire data from our electronic medical record

system (Epic) using a Qlikview (Qlik) platform.17 These

reports did not exclude data gathered from actively

bleeding patients, but we acknowledged that this was a

valid reason for transfusing without a recent Hb mea-

surement or at Hb levels higher than described in our

guidelines.

In addition to these efforts, we introduced a best-

practice advisory “pop-up” alert in September 2015 that

was triggered to appear when providers ordered an RBC

transfusion and the most recent Hb concentration was

7 g/dL or more. The advisory included the message that,

in patients who are hemodynamically stable and not

actively bleeding, “single-unit transfusions are usually

preferable.” Our PBM efforts also included monthly con-

ference call meetings in which we discussed these

changes in practice and how to best implement them.

Data analysis

Using parameter values collected at monthly intervals

over a 3-year period, we analyzed three independent vari-

ables: 1) the percentage of RBC orders for at least 2 units

at a time; 2) the percentage of RBC orders with preceding

Hb levels of 7 or more or with no Hb measured within 24

hours; and 3) the percentage of RBC orders with preceding

Hb levels of 8 or more or with no Hb measured within 24

hours. The dependent variable (outcome measure) was

the percentage change in RBC units per discharged

patient compared with the baseline period (July 2013-

June 2014). For one of the three hospitals (Hospital B),

there were missing baseline data due to a change in the

electronic medical record system. As a result, the baseline

for this site was defined as the average of the first 4

months of existing data (July 2014-October 2014).

Univariate and multivariate analyses were used to

determine the relationship between independent and

dependent variables. Univariate relationships were ana-

lyzed by simple linear regressions using scatterplots for

each monthly value and the line of best fit. Multivariate

analyses were performed twice, first using the two inde-

pendent variables: 1) the percentage of orders for at least
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2 units at a time, and 2) the percentage of RBC orders

with preceding Hb levels of 7 or more or with no Hb mea-

sured within 24 hours, and subsequently using the two

independent variables: 1) the percentage of orders for at

least 2 units at a time, and 2) the percentage of RBC orders

with preceding Hb levels of 8 or more or with no Hb mea-

sured within 24 hours. For each of these two analyses, the

dependent variable was the percentage change in RBC

units per discharged patient compared with the baseline

period (July 2013-June 2014). These were done using mul-

tiple linear regression with all three hospitals’ data com-

bined and analyzed at monthly intervals. In this analysis,

we sought to determine the independent effects of the

two variables: 1) the single-unit RBC policy and 2) the Hb

trigger guidelines, adjusted for the effects of the other

variable.

To assess changes in all metrics over time, the mean

monthly values for the post-PBM period (July 2015-July

2016) were compared with the mean monthly values for

the pre-PBM period (July 2013-June 2014). For calculating

changes in RBC utilization before and after PBM, the mid-

dle year of the 3-year period (July 2014-June 2015) was

considered a transition year during which PBM efforts

were being implemented and thus was not included in the

“pre” to “post” comparison (Fig. 1). Percentages were com-

pared using chi-square tests, and means were compared

with unpaired t tests. Continuous variables that were nor-

mally distributed are reported as means 6 standard devia-

tions, and variables that were not normally distributed are

reported as medians and interquartile ranges. For all analy-

ses, p< 0.05 (two-tailed) was considered significant.

RESULTS

Table 1 provides the clinical characteristics of the three

hospitals before the implementation of PBM efforts. One

of the three hospitals performs cardiac surgery, two have

obstetrical services, and none are Level-1 trauma centers.

The overall incidence of massive transfusions was low in

all three hospitals. Hospitals A and C have neonatal inten-

sive care units, which explains the lower mean age of their

patients. At baseline, about 60 to 70% of RBC orders were

for at least 2 units at all three hospitals.

Scatterplots for linear regressions indicating the

impact of reductions in at least 2-unit RBC orders and in

Hb triggers at least 7 g/dL and at least 8 g/dL on the per-

centage change in RBC utilization are shown in Fig. 2. The

large open circle on each scatterplot shows the starting

point baseline, which was derived by averaging monthly

data from July 2013 to June 2014. The slope of the fitted

line and the associated p values indicate a statistically sig-

nificant effect of both: 1) the decrease in at least 2-unit

RBC orders, and 2) the decrease in Hb triggers above 7

and 8 g/dL on overall RBC utilization.

The results of the multivariate analyses are provided

in Table 2. The findings illustrate that, when the outcome

measured was change in RBC utilization from the baseline

time period, a reduction in at least 2-unit RBC orders

remained a significant predictor, but Hb trigger compli-

ance did not. This was true for both Hb thresholds that we

tested (� 7 and� 8 g/dL). This finding indicates that

implementing single-unit transfusions has more impact

than Hb trigger compliance on reducing RBC utilization.

Fig. 1. Timeline showing PBM efforts divided into three time periods (pre-PBM baseline, PBM implementation year, and post-

PBM). RBC transfusion guidelines were harmonized in July 2014 at the beginning of our PBM program. Report cards showing

Hb triggers and the percentage of at least 2-unit RBC orders were sent to individual departments and providers beginning in

April 2015, as the “Why give 2 when 1 will do?” campaign began. The best-practice advisory “pop-up” alerts providing decision

support for RBC transfusion began in September 2015. [Color figure can be viewed at wileyonlinelibrary.com]
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The changes in transfusion practice for all three hos-

pitals combined over the 3-year period are summarized in

Fig. 3. From the pre-PBM to post-PBM time period, there

was a substantial increase in the proportion of RBC orders

that were for single units (from 38.0% to 70.9%;

p< 0.0001) (Fig. 3A) and a decrease in out-of-guideline

RBC orders by Hb trigger (Hb� 8 g/dL or not measured:

from 45.7% to 25.0%; p< 0.0001) (Fig. 3B). At the same

time, there was a 27.2% decrease in RBC utilization for all

three hospitals combined (from 0.254 to 0.185 units per

discharged patient; p 5 0.0009) (Fig. 3C). In patients who

received an RBC transfusion, the last measured Hb level

before discharge (Hb target) decreased from 9.6 6 1.3 to

8.9 6 1.2 g/dL in the pre-PBM to post-PBM time period,

respectively (p< 0.0001).

DISCUSSION

The primary findings in this study demonstrate that a

single-unit transfusion initiative may have a greater

impact on RBC utilization than guidance to abide by an

Hb trigger alone. Although both efforts are important to

reduce unnecessary transfusions, a “Why give 2 when 1

will do?” campaign seems to be a key PBM intervention,

especially for hospitals with a moderate or high baseline

rate of at least 2-unit RBC orders.

Previous studies have shown that PBM programs,

including education as well as clinician decision support,

can improve evidence-based transfusion practice and

reduce allogeneic blood transfusion.10,18-20 This finding

has been confirmed again by our study. Importantly, we

report a significant reduction in blood use when providers

switch from routinely ordering 2-unit to single-unit RBC

transfusions. The substantial impact of single-unit trans-

fusions in the current study could be explained by clini-

cians who felt that modifying the dose of RBCs was less

disruptive to the care plan than altering the Hb threshold

for transfusion.

The value of single-unit RBC transfusions was ques-

tioned in the mid-1960s, when two-thirds of single-unit

transfusion episodes were thought to be unnecessary.21 In

the 1980s, in an effort to reduce the risk of transfusion-

transmitted viral hepatitis, the wisdom of single-unit

transfusions was questioned again.13,22 Ironically, and in

retrospect, the early 1980s were the highest risk era for

transfusion-transmitted human immunodeficiency infec-

tions, some of which may have been avoided had a single-

unit policy been adopted. In a large tertiary care hospital

about 10 years ago, it was noted that 80% of RBC transfu-

sion episodes were ordered as multi-unit RBC transfu-

sions, despite the fact that an evidence-based target Hb

concentration would have been reached with a single RBC

unit in 42% of patients who received transfusions.23 The

eight large, randomized transfusion threshold trials,2-9

which were published in high-impact medical journals

after 1999, all support a restrictive transfusion strategy.

Although those studies are often cited to support specific

Hb thresholds for transfusion (Hb triggers), the studies

also included protocols with single-unit RBC transfusions,

a practice not yet widely adopted. It was not until 2014,

when the AABB Choosing Wisely guidelines were

released,14 that giving single units was recognized as a

PBM “best practice.”

In 2012, a retrospective cohort study by Berger and

colleagues24 investigated the effect of single-unit RBC

transfusion policy on patients with hematologic malig-

nancies receiving chemotherapy and hematopoietic stem

cell transplantation. In that study, single-unit transfusion

was not associated with higher transfusion frequency or

increased risks, but this approach did reduce RBC utiliza-

tion by 25%, indicating the effectiveness of single-unit

transfusion as a PBM strategy. In another more recent

pilot study by Dezern and colleagues25 comparing restric-

tive versus liberal transfusion strategies in patients with

leukemia, single-unit transfusions were strongly encour-

aged. The findings showed a 27% reduction in average

TABLE 1. Characteristics of the three hospitals at baseline (pre-PBM time period)

Characteristics Hospital A Hospital B Hospital C

No. of patients per year* 19,626 13,578 13,524
Age: Mean 6 SD, years 44 6 27 66 6 20 41 6 30
Sex: No. of men (%) 7375 (37.6) 6331 (46.6) 4439 (32.8)
Cardiac surgery No Yes No
Obstetrical services Yes No Yes
Neonatal/pediatric patients Yes No Yes
Median length of stay [IQR], days 5 [3-9] 5 [3-9] 4 [3-8]
No. of hospital beds 256 235 246
% Massive transfusions† 0.28 0.13 0.13
No. of RBC units per year* 4510 4755 2620
No. of RBC orders per year* 2549 2667 1610
Baseline no. (%) of �2-unit RBC orders 1737 (68.1) 1734 (65.0) 941 (58.4)

*Patients, RBC units, and RBC orders per year were based on the PBM time period.
†A massive transfusion was defined as �10 RBC units during the hospital stay.
SD 5 standard deviation; IQR 5 interquartile range.
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Fig. 2. Simple linear regressions were performed and scatterplots were created to assess the relationship between three different

variables and changes in RBC use. The three independent variables were the percentage of RBC orders for�2 units, the percent-

age of RBC orders with an Hb trigger�7 g/dL or no Hb measured within 24 hours, and the percentage of RBC orders with an

Hb trigger�8 g/dL or no Hb measured within 24 hours. The dependent variable was defined as the percentage change in RBC

units per patient from baseline pre-PBM levels. Each point on the graphs represent data from a 1-month time period. An open

circle represents the pre-PBM level on each scatterplot. The line of fit and p value are shown, and each of the nine analyses was

significant (p<0.05). [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 2. Multivariate analyses: impact of single-unit RBC orders and Hb triggers on RBC use*

p value

Hospital
% Single-unit
RBC orders

% RBC orders
with Hb� 7 g/dL

% Single-unit
RBC orders

% RBC orders
with Hb� 8 g/dL

Hospital A 0.0014 0.98 0.0014 0.81
Hospital B 0.050 0.76 0.033 0.35
Hospital C 0.0013 0.37 0.0024 0.86

*Two multivariate analyses were performed that are shown on the left and right sides of the table. The first analysis used: 1) the percentage
of single-unit RBC orders, and 2) the percentage of RBC orders with preceding hemoglobin (Hb) levels� 7 g/dL as independent variables;
and the second analysis used: 1) the percentage single-unit RBC orders, and 2) the percentage of RBC orders with preceding Hb
levels� 8 g/dL as independent variables. The dependent variable for both analyses was the percentage change in RBC units per discharged
patient compared with the baseline time period (July 2013-June 2014).

http://wileyonlinelibrary.com


Fig. 3. Changes in three parameters are shown at monthly intervals over a 3-year time period for all three hospitals combined.

(A) An increase in single-unit RBC transfusion orders over time is shown (p<0.0001). (B) An increase in Hb trigger guideline

compliance is shown (p<0.0001). (C) A decrease in blood use is shown with a 27.2% decrease in the average number of units

per patient for all three hospitals combined (p 5 0.0009). [Color figure can be viewed at wileyonlinelibrary.com]
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number of RBC units per patient (p 5 0.01), with no decre-

ment in fatigue score, response to chemotherapy, or

length of stay.

PBM programs are not solely focused on giving less

blood to patients and tolerating greater degrees of anemia.

There are multiple other methods employed that result in

better overall patient care, such as diagnosing and treating

preoperative anemia, cell salvage during surgery, minimiz-

ing surgical blood loss using a variety of measures, mini-

mizing blood loss from phlebotomy, optimizing

coagulation to reduce bleeding, and educating providers

to encourage all these techniques.11,16,26-28 In caring for

hospitalized inpatients, it is clear that the Hb concentra-

tion virtually always decreases during the hospital stay

from ongoing blood losses and laboratory draws, hemodi-

lution from intravenous fluids, decreased erythropoiesis

from inflammation, and increased hepcidin levels.29,30

Thus, hospital-acquired anemia is very common31 and

should be minimized. The findings in the current study

are relevant for patients when anemia thresholds are

reached that require RBC transfusion, where single-unit

doses of blood are often adequate to restore oxygen deliv-

ery and relieve symptoms of anemia. It should be recog-

nized that single units may not be adequate for

hemodynamically unstable patients who are hypovolemic,

actively bleeding, or profoundly anemic; however, in our

experience, most anemic inpatients who require RBC

transfusion are not unstable or profoundly anemic.

There are some limitations in our study that should

be recognized. Originally in this study, data were collected

from all five hospitals in the Johns Hopkins Health Sys-

tem. However, in two teaching hospitals, the various PBM

efforts had already been implemented over a 2-year peri-

od before the current study began in July 2014. Because

the Hb trigger guidelines were already adopted 2 years

before the single-unit policy campaign, the ability to

determine the relative impact of these two interventions

was diminished, and the two teaching hospitals were

excluded from further analysis. Importantly, the rates of

massive transfusion and the number of patients on chron-

ic transfusion programs (e.g., for sickle cell disease) were

much greater in these two excluded teaching hospitals,

and it is possible that we might have observed less dra-

matic reductions in RBC utilization if these hospitals had

been included in the analysis. Another potential limitation

is that PBM measures in other hospitals or health systems

may be different from ours, in that each institution has

their own idiosyncrasies. In particular, if a hospital already

has a very high baseline rate of single-unit transfusions,

then one might not expect the large impact of a “Why give

2 when 1 will do?” campaign. The same would be true

with Hb trigger practices. Depending on the baseline

degree of out-of-guideline transfusions with Hb levels of

at least 7 or 8 g/dL, one might expect to see less (or poten-

tially more) dramatic reductions in RBC utilization. In our

experience, there was some resistance from trauma sur-

geons and the hematologists when our single-unit policy

began, based on concerns about under transfusion. Of

course, we recognize that clinicians treat patients and not

their laboratory values alone, so we readily acknowledged

that hemorrhaging patients, patients with hemoglobinop-

athies who require exchange transfusion, and other spe-

cialized populations may benefit from a more liberal

transfusion strategy.

In summary, with regard to blood utilization, our

findings demonstrate that the dose of RBCs is equally or

perhaps even more important than the decision to give

blood at a specific Hb threshold. The longstanding prac-

tice tradition of giving 2-unit RBC transfusions to stable

anemic patients has been questioned before, and most

recently by the AABB Choosing Wisely recommendations.

For hospitals that are just starting PBM programs, we

believe that a “Why give 2 when 1 will do?” policy is an

important component of the program that should be used

in combination with an evidence-based Hb trigger trans-

fusion policy. These methods, when used as part of a com-

prehensive PBM program, have the potential to reduce

unnecessary transfusions along with their associated risks

and costs.
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