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Abstract: Red blood cell transfusions have been cited as one of the most overused therapeutic 

interventions in the USA. Excessively aggressive transfusion practices may be driven by mandatory 

physician notification of critical hemoglobin values that do not generally require transfusion. We 

examined the effect of decreasing the critical value of hemoglobin from 8 to 7 g/dL at our institu-

tion. Along with this change, mandatory provider notification for readings between 7 and 8 g/dL 

was rescinded. Transfusion rates were compared retrospectively during paired 5-month periods for 

patients presenting in three key hemoglobin ranges (6.00–6.99, 7.00–7.99, and 8.00–8.99 g/dL). 

A change in transfusion practices was hypothesized in the 7–8 g/dL range, which was no longer 

labeled critical and for which mandated physician calls were rescinded. Transfusion rates showed 

a statistically significant 8% decrease (P#0.0001) during the 5-month period post change in our 

transfusion practices. This decrease in the 7.00–7.99 g/dL range was significantly greater than the 

2% decrease observed in either the 6–6.99 g/dL (P=0.0017) or 8–8.99 g/dL (P#0.0001) range. 

Cost savings of up to $700,000/year were extrapolated from our results showing 491 fewer units 

of red blood cells transfused during the 5-month post change. These cost savings do not take into 

account the additional impact of complications associated with blood transfusions.

Keywords: transfusion, critical value, hemoglobin, cost savings, red blood cells, transfusion 

complications

Introduction
Decades of research demonstrate that decreasing the overuse of red blood cell (RBC) 

transfusions improves patient outcomes and safety. 1–3 Approximately one out of 400 

RBC transfusions results in complications.4 The deleterious effects of transfusions are 

believed to be significantly underreported.4 The end results of various complications 

include increased length of hospital stay with increased morbidity and mortality.5

It has been suggested that increased notification of various abnormal laboratory 

values may result in improper referral to emergency departments and inappropriate 

interventions.6 Therefore, we felt that decreasing the critical value of hemoglobin for 

mandatory provider call from 8 to 7 g/dL more accurately represents current stan-

dards and may improve physician adherence to evidence-based recommendations for 

transfusions.

Reducing transfusions in those less likely to benefit from the intervention is impor-

tant to improve both patient care and cost-effectiveness of the health care system. The 

mean acquisition cost of procuring and processing packed RBCs in the USA in 2008 

was $223 per unit of whole blood.4 The cost of delivering a unit of packed RBCs in 2007 
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was between $726 and $1,183.7 This led to an estimated total 

cost per unit of packed RBCs delivered to be between $949 

and $1,416. More recent financial estimates are not available 

but would be expected to be higher. These cost estimates do 

not include the expenses associated with complications of 

unnecessary RBC transfusions.

This study examines the effect of changing the critical 

value of hemoglobin and mandatory provider notification 

(from 8 to 7 g/dL) on the frequency of transfusion events 

and number of packed RBC units transfused.

Methods
In September 2013, the critical value of hemoglobin was 

decreased from 8 to 7 g/dL at our community-based 545-bed 

hospital. Both laboratory and nursing staff completed train-

ing to modify their workflows highlighting that no physician 

notification from either nursing or laboratory staff would 

be made for hemoglobin between 7 and 8 g/dL unless other 

clinical situations required notification. Physician notification 

was accomplished by a direct call from the laboratory staff 

to the nursing staff who relayed the result to the physician 

or appropriate call coverage. A hard stop in the electronic 

medical record (EMR) did not allow either the laboratory or 

nursing staff to proceed without completion of the notifica-

tion. With this approach, ∼100% compliance is achieved. 

Physician compliance with return calls of clinical values is 

routinely monitored at our institution by routine critical labo-

ratory monitoring. Physician callback compliance is achieved 

with a callback to the nursing staff during the 30-minute win-

dow after the nursing staff had paged the physician. Average 

compliance during the two most recent quarters was 91%. 

During the period of modification of the provider guideline, 

no additional provider education efforts were instituted, but 

these had been ongoing over the past 3 years.

To assess the impact of this change, a retrospective analy-

sis of comparable periods before and after policy change 

was conducted. Two 5-month periods (pre-change [Pre-C], 

September 2012–January 2013; post-change [Post-C], 

September 2013–January 2014) were selected to compare the 

proportion of transfusion requests resulting in transfusion as 

a function of hemoglobin level. Hemoglobin values were con-

sidered in three ranges (key ranges: 6.00–6.99, 7.00–7.99, and 

8.00–8.99 g/dL). Over the two 5-month periods considered, 

all hemoglobin values in the three key ranges were analyzed 

for transfusion rate on a monthly basis. Values ,6.00 g/dL 

were excluded as the clinical criteria for transfusion were met. 

Values .9.00 g/dL were excluded as these cases represented 

special or catastrophic circumstances.

Data were obtained from all adult inpatient medical and 

surgical units and intensive care units, including patients 

seen in the emergency department and subsequently admit-

ted for further evaluation and treatment. We did not attempt 

to differentiate physician responsiveness to calls of critical 

values based on units in the hospital or by physician specialty. 

Patients aged 18 years or older were categorized based on 

the hemoglobin level. The primary outcomes were occur-

rence of transfusion and the number of packed RBC units 

administered.

Analysis was performed with generalized linear model 

methods using a binary link function. The three key ranges 

were compared using overall evaluation and designed specific 

comparisons of the ranges in Pre-C and Post-C pairs. If the 

primary changes (frequency of RBC transfusions and mean 

number of RBC units administered) were seen in the range 

of 7.00–7.99 g/dL, this would indicate that the change in 

the critical value and rescinded physician call was effective. 

Changes between Pre-C and Post-C pairs in the other two 

ranges (6.00–6.99 and 8.00–8.99 g/dL) were not expected, but 

were possible due to heightened awareness. The Institutional 

Review Board at Sanford Hospital viewed our study as a 

Quality Improvement project and IRB approval was waived 

and informed consent was not needed.

Results
Table 1 shows the percentages of all hemoglobin evalu-

ations that resulted in a transfusion for key hemoglobin 

groups Pre-C and Post-C. The proportion transfused in the 

7.00–7.99 g/dL range decreased by 8% Post-C (P#0.0001). 

A 2% decrease in the proportion transfused Post-C was 

observed in both the 6.00–6.99  g/dL (P=0.0078) and 

8.00–8.99 g/dL (P=0.0030) ranges. The 8% reduction in the 

7.00–7.99 g/dL range Post-C was significantly greater than 

either the 6.00–6.99 g/dL (P=0.0017) or the 8.00–8.99 g/

dL (P#0.0001) range.

The cost savings of our policy changes were calculated 

by extrapolating the 6% decrease in the frequency of trans-

fusions in the 7.00–7.99 g/dL range to a 12-month period. 

An estimated total of 2,148 units of RBCs would have been 

transfused during the time period of our study (September 

2013–January 2014) had the critical value not been changed. 

The difference in estimated and actual units transfused during 

this 5-month time period equals 204 units of RBC.

Extrapolating this estimate over a year suggests that there 

were 491 fewer units of RBCs transfused due to our policy 

changes. As discussed earlier, costs of procurement and 

delivery of RBCs vary widely, and recent data are not readily 
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available in the literature. This being stated, using data from 

2007 and 2008,1,3 we estimate the cost of procurement and 

delivery of one unit of RBCs at $1,416. With the decrease 

in 491 units of RBCs transfused, we assume a cost savings 

of up to $700,000 yearly.

Conclusion and discussion
There is consensus that decreasing RBC transfusions improve 

patient outcomes and safety. Literature demonstrating the 

direct harm to patients from overuse of RBC transfusions 

is compelling and has been well established over the past 2 

decades.3 Even with this knowledge, a nurse call with a “criti-

cal value” of hemoglobin may influence physician utilization 

and impede adoption of current recommendations. Physicians 

may be particularly susceptible to a “critical” hemoglobin 

value because optimal parameters for intervention lack 

evidence8 and are complicated by clinical settings.5 This 

understanding helped us to identify and remove potentially 

negative influences on physician adoption of current recom-

mendations, minimizing transfusion overuse where potential 

harm exceeds potential benefit.1

We recognized that physician adoption of evolving 

recommendations is not easily altered by the generation 

of best practice guidelines alone.9,10 Our unique policy 

changes improved physician adherence to recommended 

clinical guidelines while improving patient safety and cost-

effectiveness. Specifically, our study showed that policy 

changes resulted in a statistically significant 6% decrease 

in blood transfusions (7.00–7.99 g/dL range) and estimated 

491 fewer units of RBCs transfused annually. A cost saving 

of up to $700,000/year was extrapolated from our results, 

which do not include the known impacts of complications 

associated with blood transfusions.

In addition to decreased notification, we suspect that 

simply removing the label of critical to values of hemo

globin between 7 and 8  g/dL decreased the likelihood of 

transfusions. With this type of policy change, it is essential 

to continually evaluate optimal critical values to ensure the 

proper balance between no notification and appropriate 

awareness. The presence of institutional oversight along with 

best practice advisories integrated into the electronic medical 

records is also critical to optimizing practice.11,12

This study outlines simple and easy to administer policy 

changes designed to influence physician response to reduce 

transfusions in those less likely to benefit from the interven-

tion. We believe that our experience may be generalized to 

other situations in which there are unappreciated barriers 

to improving physician adherence to recommended clinical 

guidelines. Our study demonstrates that recognizing and 

removing potential negative influences on physician adoption 

of current recommendations may, at times, prove more fruit-

ful than physician education, which occurs at great expense 

of time and resources.
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