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Blood conservation strategies effectively decrease red blood cell (RBC) use in specific
patient groups.1-3 However, the impact of RBC transfusion reduction on mortality in a
diverse inpatient population remains poorly described. We detail the impact of declining
RBC use on 30-day mortality within Kaiser Permanente Northern California (KPNC), an
integrated health care delivery system serving 3.5 million members at 21 hospitals.

Methods

The KPNC and University of California, San Francisco (UCSF) institutional review boards
approved this study and waived the requirement for informed consent based on the nature of
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the study. Beginning in 2010, KPNC initiated a regional blood conservation program whose
key features included (1) clinician education in evidence-based transfusion guidelines; (2)
focused multidisciplinary conservation efforts in specific high-use departments (eg,
orthopedics, cardiovascular surgery); and (3) guideline-based clinical decision support
embedded within the electronic medical record.

To study the impact of these initiatives, we quantified RBC transfusion in an inpatient
cohort composed of all non-obstetric patients 18 years or older admitted to KPNC hospitals
between July 1, 2009, and August 31, 2013. We evaluated the impact of decreased RBC use
on unadjusted and risk-adjusted 30-day mortality prior to (2010) and following (2012-2013)
reductions in blood use. We examined these rates in patients with hemoglobin levels below
10 g/dL (to convert to grams per liter, multiply by 10) during hospitalization (n = 218 056),
accounting for nearly all (81 897 of 83 461 [98.1%)]) transfused patients. We quantified
patients’ predicted 30-day mortality rates based on prior methods adjusting for age, sex,
comorbid disease burden, emergency or elective presentation, medical or surgical admission,
admission diagnosis, severity of illness, first inpatient ward, and hospital facility.* We also
adjusted for patients’ pread-mission hemoglobin level and lowest hospital hemoglobin
level.> We then compared standardized mortality ratios for transfused vs nontransfused
patients using Poisson regression. Trends in RBC use and unadjusted 30-day mortality were
assessed using linear regression. Statistical analyses were performed in Stata 11 software
(StataCorp).

Results

The number of RBC units transfused decreased 8.6% annually from 41.8 units per 100
patients in 2010 (95% CI, 41.1-42.6 units) to 31.0 units per 100 patients in 2013 (95% ClI,
30.3-31.8 units) (P <.001) (Figure 1). From 2009 to 2013, the median pretransfusion
hemoglobin decreased from 8.1 g/dL to 7.5 g/dL (P < .001). In patients with a hemoglobin
level lower than 10 g/dL, RBC transfusion incidence decreased from 43.4% in 2010 to
30.7% in 2013 (P <.001) (Figure 2).

In inpatients with a hemoglobin level lower than 10 g/dL, 30-day mortality rates did not
differ prior to (2010) and following (2013) declines in RBC use (7.8% and 7.8%,
respectively; P = .49 for trend). Standardized mortality ratios in transfused and
nontransfused anemic patients did not differ prior to (rate ratio in 2010, 0.96; 95% ClI,
0.91-1.03) (P = .26) and following (rate ratio in equal period [2012-2013], 0.96; 95% ClI,
0.90-1.02) (P = .20) reductions in RBC use (Figure 2).

Discussion

Our study demonstrates the impact of blood conservation strategies on transfusion practice
and mortality outside the clinical trial setting. We found a greater than 20% reduction in
RBC use over 3 years and a concurrent drop in median pretransfusion hemoglobin level.
Over the same period, we did not detect an impact of decreased RBC use and more
restrictive transfusion practice on adjusted and unadjusted mortality rates.
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Observational studies using large health care databases can complement findings from
randomized clinical trials by confirming and expanding on outcomes in clinical practice. In
this case, we examined the broad application of clinical trial-based recommendations that
could conceivably negatively affect a diverse population.® Our study demonstrates, in a real-
world setting, that reductions in transfusion incidence are occurring without affecting
mortality. Future studies will need to assess whether further reductions in RBC use and
hemoglobin thresholds have an impact on morbidity and mortal ity. These data support the
safety of more restrictive transfusion practice as currently implemented in a large
community hospital network.
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Figure 1. Trendsin Inpatient RBC Use and Pretransfusion Hemoglobin Levels Across 21 KPNC

Facilities

The number of RBC units transfused per 100 patients and median pretransfusion
hemoglobin level decreased following initiation of blood conservation strategies in 2010 (P
<.001). To convert hemoglobin to grams per liter, multiply by 10. KPNC indicates Kaiser
Permanente Northern California; and RBC, red blood cells.
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Figure 2. Inpatient RBC Transfusion Incidence and SMRs
The decline in RBC transfusion incidence in patients whose hemoglobin level fell below 10

g/dL (n = 218 056) was not associated with differences in SMRs in transfused and
nontransfused patients. To convert hemoglobin to grams per liter, multiply by 10. RBC
indicates red blood cells; and SMRs, standardized mortality ratios.
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