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ABSTRACT
Evaluation of RBC Transfusion Practice in Adult ICUs and the Effect of
Restrictive Transfusion Protocols on Routine Care
By Kevin Seitz

Research supports the efficacy and safety of Restrictive Transfusion Protocols (RTP) to reduce
avoidable red blood cell (RBC) transfusions, but evidence of effectiveness in practice is limited.
This study assessed whether admission to an intensive care unit (ICU) with an RTP reduces the
likelihood of transfusion for adult patients. Observational study utilizing data from a multi-
center, prospective cohort study for a patient-level analysis. RBC transfusion on day of
enrollment was the outcome and admission to an ICU with an RTP was the exposure of interest.
Covariates included demographics, hospital course (e.g. nadir hematocrit), severity of illness
(e.g. SOFA score), interventions (e.g. sedation/analgesia), and ICU characteristics(e.g. size).
Multivariable logistic regression modeling was used to assess the independent effect of RTPs on
transfusions in moderate anemia. 6,027 adult ICU patients were included in this analysis, of
whom 2,510 (41.6%) were in an ICU with an RTP. 771 (12.8%) patients were transfused, of
whom 27.2% had nadir hematocrits (Hct) below 21%. In crude analyses, patients in ICUs with an
RTP were transfused more often (14.8% vs 10.9%, p<0.0001) with less severe anemia (Hct 24.3%
vs 23.4%, p=0.003). Adjusting for confounding factors, however, RTPs independently reduced
the odds of transfusion in moderate anemia (Hct= 21-30%) with an odds ratio of 0.59 (95%Cl:
0.36-0.96) with no effect in more (Hct<21%, p=0.93) or less (Hct>30%, p=0.52) anemic patients.
In this multi-center sample of ICU patients, transfusions often occurred outside evidence-based
guidelines, but admission to an ICU with an RTP did reduce the risk of transfusion in moderately

anemic patients controlling for patient and ICU factors. This study supports the effectiveness of

RTPs for influencing transfusions in clinical practice.
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INTRODUCTION

Anemia is a life-threatening condition that is common in critically ill patients, and almost
40% of intensive care unit (ICU) patients receive a red blood cell (RBC) transfusion during their
stay. [1-3] High rates of transfusions, however, are independently associated with increased
cost, infection rate, multi-organ failure, and mortality.[1, 4, 5] As such, unnecessary transfusions
should be avoided to reduce the risk of harm and excess costs.

Observational and randomized controlled trials have demonstrated the efficacy and
safety of restrictive transfusion protocols targeting thresholds of hemoglobin (Hgb) <7g/dL or
hematocrit (Hct) <21% for most critically ill patients.[1, 6-9] Spurred by this evidence, medical
professional organizations have issued evidence-based practice guidelines that reflect these
findings, including the Society of Critical Care Medicine in 2009, the Society of Thoracic Surgeons
in 2011, and the American Association of Blood Banks in 2012.[10-12] Despite these guidelines,
studies have shown that a significant proportion of RBC transfusions in the ICU setting continue
to occur above the recommended thresholds, and that adoption varies between hospitals.[13,
14]

Optimal care of critically ill patients is extensively driven by organizational structure and
clinical protocols, but there has been limited research to characterize strategies that support
timely and effective implementation of best practices in ICUs. [15-20] For interventions to
support evidence-based transfusion practice, a survey in 2000 found that less than 20% of ICUs
had transfusion protocols, with no effect on practice detected.[2] Other single-center
interventions reported in the literature are limited in their ability to generalize findings for other

sites. [21-23]



Given the limited understanding of the effect of restrictive transfusion protocols on
routine clinical practice, we assessed whether the presence of a Restrictive Transfusion Protocol
(RTP) is independently associated with a lower risk of transfusion for patients in the range of

moderate anemia where new evidence discourages transfusion as a default.



BACKGROUND
Anemia describes a deficiency in RBCs and their hemoglobin proteins, which mobilize oxygen to
organs and tissues. As such, severe anemia can be life threatening where inadequate oxygen
delivery leads to tissue damage and organ failure.[24] Anemia is conventionally defined as a
hemoglobin measurement of less than 12 g/dL or a hematocrit of less than 36%. Severe anemia
can be managed by allogenic RBC transfusions, and 13.8 million units of RBCs were transfused in
2011.[25] In clinical decision making, traditional physician practice held that patients with a
hemoglobin < 10 g/dL or Hematocrit <30% would benefit from transfusion.[26]

Anemia is extremely common in ICUs due to multiple reasons, from chronic anemia, to
decreased production during critical illness, to acute blood loss or destruction.[27] Two thirds of
patients arrive to the ICU anemic on presentation, and most experience a decline in their
hematocrit during their stay so that 90% will be anemic at some point before they leave the
hospital. [3]

Though transfusions can be life-saving, allogenic red blood cells bring other potential
harms. The mechanisms by which transfusions cause harm include acute reactions including
lung injury, immune modulation, and circulatory overload, while vasoconstriction and sludging
in small capillaries from transfusions may have more insidious effects.[28] In a meta-analysis of
observational studies, transfusions were independently associated with a pooled odds ratio of
1.9 for healthcare-associated infections, 2.5 for acute respiratory distress syndrome and 1.7 for
mortality.[5] Furthermore, the average cost per unit transfused is approximately $761.[4]

In balancing these harms and costs against benefit, randomized controlled trials have
compared more restrictive thresholds for transfusion (typically <7g/dL) against the more
conventional liberal threshold of (<10g/dL), testing the hypothesis that patients above these

thresholds would receive more harm than benefit from transfusions. In 1999, the landmark



randomized controlled TRICC trial demonstrated a trend to lower 30-day mortality in the
restrictive transfusion strategy, with significant reductions in mortality for patients under 55 and
those with lower severity of illness.

Other studies in cardiac surgery[29], femur fracture with cardiac risks, upper
gastrointestinal bleeding patients, and septic shock have confirmed that a restrictive strategy is
safe and effective in critical illness and some demonstrated benefits. [6, 30, 31] Meta analyses
demonstrated reduced in-hospital mortality[8], reduction in healthcare-associated infections. In
conclusion, these studies demonstrate that transfusions for anemia that is not <7g/dL bring
unnecessary risks and should be avoided as a default for most patients.

Adoption of this evidence into practice, however, has been slow. In the years following
TRICC, two large surveys found the average nadir hemoglobin for transfused patients to be 8.4
and 8.6 g/dL[1, 2]. Tracking the change in practice has been limited, but Netzer et al.
demonstrated a gradual change over ten years in one ICU from a mean nadir hemoglobin of
7.9g/dL to 7.3g/dL, while Murphy et al. showed that change in practice following TRICC varied
by patient volume at ICUs.[13, 14]

Professional medical society guidelines support restrictive transfusion strategies to
further disseminate and promote best practices. Despite this evidence and promotion of its
awareness, the Critical Care Societies Collaborative “Choosing Wisely” Campaign chose
restrictive transfusion practices as an appropriate target for a 2014 further suggesting that
changing physician behavior to meet evidence-based standards of care is an ongoing challenge.

Optimal care of critically ill patients requires a high-functioning multi-professional team,
where organizational and process of care factors are integral to delivering necessary care and

services. Such characteristics including staffing, structure, and processes of care have been



associated with patient outcomes,[16] and many dimensions of care are implemented through
treatment protocols, standardizing the process of care for patients with similar diseases and
offering a potential solution to minimizing harmful practice variation.[17] Such protocols are an
increasingly popular means to reduce the use of inappropriate transfusions.

For interventions intended to affect clinicians’ practice, however, prior studies
implementing transfusion guidelines or protocols are frequently single center “before-after”
studies.[22, 32, 33] Many were also accompanied by other initiatives, like educational
sessions,[34] targeted provider feedback,[21, 35, 36] communication with blood bank staff,[37]

or a combination of these, [38, 39] reflecting local barriers and solutions.



MATERIALS AND METHODS

Research Goal:

We expect that because RTPs are designed to discourage transfusions for patients who
meet a traditional liberal threshold but not a restrictive one, the presence of an RTP decreases
the likelihood of a provider ordering a RBC transfusion. Our research goal was to evaluate
whether, among adult patients in a sample of ICUs in the United States, the presence of an RTP
associated with a lower risk of RBC transfusion for patients receiving care in a unit with a
protocol vs in one without, controlling for other patient and ICU factors, in the range between

Liberal and Restrictive Thresholds.

Study Design and Population:

We conducted a planned secondary analysis of data accrued by the US Critical lliness
and Injury Trials (USCIT) Group — Critical lliness Outcomes Study (CIOS), a multi-center
prospective observational study. CIOS collected data about structural characteristics of ICUs as
well as the health status and management of individual patients in 2010 and 2011 with a
primary aim of assessing the effect of ICU process factors on mortality.[40] Our analysis was a
cross-sectional study utilizing the data on ICU and patient factors to assess the real-world
effectiveness of an RTP in usual care.[41, 42]

CIOS sites were selected from those involved with USCIIT Group and the Surviving Sepsis
campaign, regardless of specialty and case mix. All adult patients in a study ICU at 8am on a
survey day were eligible for enrollment, excluding those already enrolled. Patient data were
recorded from the medical record regarding baseline characteristics from admission and
hospital course during the prior 24 hours. In total, 59 sites contributed ICU and patient data. We

excluded patients without data on transfusion status or without an available hematocrit.



Study Variables:

The primary outcome was whether a patient had an RBC transfusion in the 24 hours
prior to enrollment. The primary exposure was the presence of an RTP in each ICU as reported
by the site investigator. A protocol was defined using the Medline MeSH subject heading of “a
precise and detailed plan for a regimen of therapy,” which includes any guiding rules initiated by
a provider order or included as part of standing orders during admission. To account for the
differing effects of RTPs relative to different transfusion strategy thresholds, RTPs were assessed
in three tiers of anemia relative to liberal (Hct<30%) and restrictive (Hct<21%) guidelines,
creating three categories of mild (Hct>30%), moderate (21%<Hct<30%), and severe (Hct<21%)
anemia.

Patient characteristics related to demographics, chronic comorbid illnesses, admission
diagnoses, operative status, and hospital course were selected based on biological plausibility
and previous research. Patient demographics included age, sex, and race (i.e. white or other).
Comorbid illnesses included any history of chronic diseases or specifically, chronic kidney
disease or cancer. Admission diagnoses were captured as independent dichotomous variables
for the presence of diagnoses in the central nervous system, circulatory system, respiratory
system, or trauma. The patient operative status was classified as post-operative from elective
surgery, from emergent surgery, or non-operative.

Patient hospital course variables related to severity of illness and the clinical indications
of anemia, shock, and additional factors previously reported in literature as influencing
transfusion decisions were included. Severity of illness was described using the Acute Physiology
and Chronic Health Evaluation (APACHE) Il Score[43] and the Sequential Organ Failure
Assessment (SOFA) score[44] at 24 hours prior to enrollment. A dichotomous variable for shock

was defined for clinical interpretation by a lowest mean arterial blood pressure less than



65mmHg or any vasopressors used in the prior 24 hours. A diagnosis of sepsis, acute kidney
injury, use of renal replacement therapy, or continuous sedation and analgesia, were also
included as dichotomous patient covariates. Severity of anemia was defined by the nadir
hematocrit on the day of study enrollment. Blood loss was recorded by source as
gastrointestinal bleed, procedure, operation, or other, and these categories were reduced to
gastrointestinal bleed vs. bleeding from any other source.

Hospital characteristics, including total hospital beds and hospital use of computerized
physician order entry, were included. The study ICU type (medical vs. surgical or mixed), size in
total number of ICU beds, volume in annual ICU admissions, ICU staffing model (as open, semi-
open, or closed), and total number of protocols used in the ICU were also of interest as potential
confounding exposures.

When missing, the lowest hematocrit value was imputed with the nadir hemoglobin,
which was captured for transfused patients and converted to hematocrit by a 3:1 ratio, or by
highest hematocrit, which was also collected on most patients. Missing dichotomous variables
such as chronic diseases or blood loss were presumed not present in the chart and as such, per
study protocol, were considered normal for this analysis.[40] We confirmed these assumptions
by assessing for patterns of missingness and found them to be appropriate. Sensitivity analyses
were conducted with a complete case analysis.

Power calculations were conducted with expected incidence (Appendix Table A1), which
demonstrated adequate power for a difference of 20% across expected transfusion frequencies
of 10-20%.

Statistical Methods:
Descriptive analyses were performed stratifying by exposure to an RTP and by outcome

of transfusion status. Covariates were modeled based on the published literature, and when



such information was not available, we examined a scatter plot of the covariate and outcome
using locally weighted regression to determine appropriate modeling. Unadjusted, bivariate
regression analyses were conducted with the odds of transfusion on the patient level for both
patient and unit characteristics.

RTPs are expected to influence transfusion practice most in the range between
customary restrictive (Hct=21%) and liberal (Hct=30%) transfusion thresholds. Therefore, in
statistical modeling, the same two hematocrit values were used as knots in a linear spline
function for the effect of an RTP on transfusion practice.

Hospital-level variation in transfusion practice was expected for factors not otherwise
captured in this study (e.g. regional differences, local initiatives). A random effect term for
medical centers was used to account for this clustering effect while optimizing generalizability of
an RTP to an ICU. After assessing for collinearity among variables and interaction with RTPs and
transfusions, we created a mixed-effect logistic regression model to evaluate the probability of
transfusion among those in a unit with an RTP vs. one without, independent of other patient
and organizational factors, using manual backward elimination for parsimony, maintaining
covariates responsible for a greater than 10% change in the association of interest as
confounders. Surgical and mixed medical-surgical ICUs were forced into the model,
demonstrated the same effect, and were collapsed. (Appendix Figure A1)

All sites participating in data collection for CIOS received institutional review board
approval using a waiver of informed consent.[45] SAS 9.3 software (SAS Institute, Cary, NC) was
used for all statistical analyses, the PROC NLMIXED function was used for the final model, and

the level of significance used for two-sided p-values was less than 0.05.



RESULTS

Participants:

Data were collected from 6,179 patients at 36 hospitals in 59 ICUs, of which 23 were
medical, 22 surgical, and 14 mixed ICUs (Figure 1). We excluded 25 patients missing a
transfusion status and 127 without a documented a hematocrit or hemoglobin. Of the
remaining 6,027 patients, 41.6% were enrolled at ICUs with an RTP, while 58.4% were not
exposed to an RTP.

In this sample, participants in ICUs with RTPs were older (mean age 57.9 vs. 61.9 years,
p<0.0001) and more often white (62 vs. 76%, p<0.0001), with a similar APACHE Il score (mean
16.7 vs. 16.5, p=0.40) compared to those in non-RTP ICUs (Table 1). No significant difference
existed in the average severity of anemia (mean Hct 29.6% vs 29.9%, p=0.11) or prevalence of
blood loss (12.1% vs. 12.3%, p=0.84) between the groups. Regarding other covariates,
participants exposed to RTPs were more often post-operative, hypotensive, had acute kidney
injury, and were on continuous infusion of sedatives or analgesics. Patients in non-RTP units
more often had respiratory system diagnoses and ongoing sepsis. For the ICUs themselves,
patients in units with RTPs were more often in surgical, smaller, and closed ICUs, and those units

had more protocols.

Transfusion Outcomes:

Patient and organizational characteristics associated with the odds of RBC transfusion
are described in Table 2. A total of 771 patients (12.8%) were transfused in the 24-hour study
period. Of those transfused, the average lowest hematocrit was 23.6%. 27.2% of these patients
were more anemic than the restrictive transfusion threshold (Hct<21%), 31.4% of transfused

patients were in the range of hematocrit 21-24%, and another 31.8% had a hematocrit of 24-
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30%. (Figure 2) Non-bleeding patients were transfused with a similar distribution of anemia,
with 24.1% of transfused patients having a hematocrit less than 21%. In unadjusted analyses of
patient and ICU characteristics, the presence of an RTP was associated with a higher frequency
of transfusions (14.8 vs. 10.9%, p <0.0001) and a higher average nadir hematocrit among those
transfused (24.1 vs. 23.0%, p=0.002). Likewise, the unadjusted odds ratio of transfusion
comparing patients exposed to an RTP vs. those not was 1.35 (95% Cl, 1.18-1.54). Such a
difference between groups was observed across the continuum of anemia severity (34).

However, after adjusting for confounding covariates, the presence of an RTP was
independently associated with a significant reduction in the odds of transfusion in the intended
range (21%<Hct<30%), where restrictive guidelines recommend against transfusion, by an odds
ratio of 0.59 (95% Cl, 0.36-0.96). Outside of this range, where restrictive and liberal strategies
agree, there was no association in more anemic or less anemic patients. (Figure 4)

In the multivariable model used to control confounding covariates, blood loss was highly
associated with transfusion, with an adjusted odds ratio comparing patients with a Gl bleed to
non-bleeding patients of 15.0 (95% Cl, 10.5-21.3). Additionally, each 1% increase in hematocrit
above 21% was associated with a much lower likelihood of transfusion (adjusted OR=0.71; 95%
Cl, 0.64-0.78), while each increase above 30% had much less of an effect. Differences in
hematocrit less than 21% had no effect. Shock and acute kidney injury were also significant risk
factors in the adjusted model, while diagnoses of central nervous system or respiratory diseases
had an effect of decreased risk. (Table 2)

For ICU covariates in the final model, management in a surgical or mixed ICU and higher
ICU bed-count were associated with a reduced likelihood of transfusion, while ICU volume had

the opposite adjusted association. Considering staffing models, semi-open ICUs had a
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considerable adjusted odds ratio compared to open ICUs of 1.64 (95% Cl, 0.91-2.94), and the
number of protocols in each ICU was independently associated with transfusion at an adjusted

odds ratio of 1.07 (95% Cl, 1.03-1.12) per additional protocol.
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DISCUSSION

This investigation used data from a large, multi-center, prospective cohort study to
assess the effects of RTPs on the likelihood of transfusion controlling for other patient, provider,
and organizational factors. Our analysis identified two important findings. First, we showed that
RBC transfusions are very common in ICUs and continue to occur outside of evidence-based
guidelines for critically ill patients. Second, for ICU patients whose hematocrit is in the range
between the liberal and restrictive guidelines (30% and 21%, respectively), the presence of an
RTP reduces the odds of transfusion by more than 40%, sparing many avoidable transfusions.

Our study is consistent with and extends existing literature describing the prevalence of
anemia and practice of transfusions in ICUs. In two large samples of ICUs, Vincent et al. in 1999
with European ICUs and Corwin et al. in 2001 with US ICUs, recorded mean pre-transfusion
hemoglobins of 8.4 and 8.6g/dL, respectively, while we found a lower average nadir hematocrit
in this study of 23.6% (comparable to Hgb of 7.9 g/dL).[1, 2] We demonstrate that RBC
transfusions remain very common in critically ill patients at a daily frequency of nearly 13% and
that transfusion utilization has moved closer to evidence-based guidelines. Nevertheless, almost
3 out of 4 transfused ICU patients were anemic with a hemoglobin concentration above
restrictive transfusion threshold of 7g/dL.

This study also contributes to literature on the effect of ICU characteristics and clinical
protocols on blood product transfusions.[23] Variation in practice attributable to clinician
factors can be seen in the differences among institutions in the adoption of new restrictive
transfusion evidence, and in the variations among specialties and individuals. [14, 46, 47]

We find that RTPs are more common in ICUs providing more transfusions to less anemic
patients and also that patients in these ICUs with RTPs have a higher proportion of risk factors

for transfusion both in their physiology (e.g. shock) and care setting (e.g. surgical, smaller ICUs).
13



Regarding these other variables in the final adjusted model, patient variables of anemia,
bleeding, shock, and inadequate tissue perfusion are risk factors for transfusion consistent with
clinical practice, while admission diagnoses account for some unexplained additional variation in
patients. Higher volume ICUs have been associated with adoption of restrictive transfusion
practices, and we find annual ICU admissions has a similar effect as a confounder in this
analysis.[14] However, controlling for ICU volume, a larger ICU is also associated with a
decreased odds of transfusion, possibly reflecting an adjustment for average lengths of stay.

In this sample of ICU patients, 48.5% of all patients were anemic in the range between
restrictive and liberal transfusion thresholds of 21% and 30%. For this very common range of
moderate anemia in the ICU, RBC use has been associated with equivalent or worse clinical
outcomes in large clinical trials. Reduction of avoidable transfusions in this group represents an
improvement toward better, more evidence-based care. To that end, this study quantifies the
effect of an RTP in reducing the daily probability of transfusion for these patients at risk of
avoidable transfusions. Further, we find no effect of RTPs outside of this range, supporting the
conclusion that clinical protocols effectively change provider behavior toward a more restrictive
strategy. Finally, we also demonstrate that many transfusions still occur above the restrictive
threshold, even in the setting of an RTP, suggesting additional opportunities to further reduce
avoidable risk in current transfusion practice.

Patient-level and ICU-level data from the Critical lliness Outcomes Study across many
sites allows for generalizable conclusions about how a deliberately “precise and detailed plan”
for transfusion-decisions affects practice. Replicable mechanisms, like protocols, to promote the
adoption of new evidence into clinical practice are important to high quality care for critically ill

patients. In particular, when new evidence shows that withholding an intervention reduces the
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risk of future harm, full adoption into usual practice faces a unique challenge: the decision not
to intervene goes against physiologic reasoning of clinicians. RTPs, however, show effectiveness
in reducing avoidable transfusions, translating evidence from clinical trials into routine care.

Strengths of this study include its large, observational data set with measurements
chosen to assess ICU structure and process on routine care. It provides insights into utilization
and effectiveness of protocols for regulating RBC use in usual ICU care thereby offering insight
into clinical effectiveness. Finally, it furthers our understanding of replicable, process-driven
strategies to reduce unnecessary interventions, which represent avoidable costs, suboptimal
outcomes, and preventable harms.

The structure of this observational data set has several assumptions that introduce
limitations to this analysis. First, the exposure of an RTP was assessed asynchronously with other
exposures and outcomes, as it was reported in the site investigator survey before patients were
enrolled in each ICU. Second, we cannot absolutely confirm that the outcome of a transfusion
occurred after the exposure to an RTP or other covariates in the ICU, such that the outcome of
interest could, in theory, cause a covariate like shock, though these are likely to be rare events
and evenly distributed between the two groups.

Despite the abundance of information captured about the individual patients and ICUs,
several limitations to this observational study exist. First, the association between a transfusion
protocol and decisions to transfuse may be confounded by the structure of an ICU, provider
practice patterns, and patient case-mix, which is controlled but not eliminated by the reported
measures and adjustment for clustering at the hospital-level. The CIOS data set is rich in this
type of administrative information, but future studies should continue to consider these factors

and better define those relevant to replicable interventions.

15



Second, we observed large variability in practice among ICUs using a protocol, and an
unknown heterogeneity exists among protocols themselves as the definition used in this study
did not capture features of guidelines or mandated steps within each. The definition of an RTP
used here was broad and provides one measure for the intensity of structural interventions in
restrictive transfusion practice.[48] Further work should be done to characterize clinical decision
support tools and interdisciplinary workflows to better compare practices across sites.

Finally, we were restricted by using an available data set, and thus could not assess the
number of units given per transfusion nor the number of transfusions in total during a patient’s
admission. Assessing transfusion decisions in a 24-hour period allows for analysis of clinical
transfusion decisions, but reveals less about total risk of exposure to blood products for
hospitalized patients. Future studies should consider assessing these outcomes as potential
consequences of delaying transfusions with protocolized practice.

Methods to drive and assess behavior change and knowledge translation in transfusion
practice deserve continued examination. Future studies may survey participating sites to better
characterize transfusion protocols, decision support tools, and inter-disciplinary work flows
around blood use to describe the heterogeneity of knowledge translation strategies in place.
Randomized controlled trials are necessary to control for unmeasured and unknown
confounders, and with the challenges of temporal trends and high heterogeneity between sites,

a stepped-wedge cluster randomized trial has significant potential.[49]

Conclusions:
In this sample of critically ill patients, anemia and therapeutic RBC transfusions were
very common. These transfusions often occurred above evidence-based thresholds, and ICUs

with RTPs performed more transfusions. Yet RTPs were associated with an independent
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reduction in the risk of transfusion for a patient with moderate anemia when other patient and
ICU factors were taken into consideration. Transfusion protocols may have a significant role in
reducing avoidable transfusions, and methods to drive and assess behavior change in
transfusion practice deserve continued examination. Further study examining additional factors
influencing transfusion practices in general and the effectiveness of RTPs in particular may help

improve evidence-based transfusion practices.
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TABLES

Table 1. Patient cohort characteristics by exposure to Restrictive Transfusion

Protocol (RTP)

No RTP RTP p-value
No. of patients 3,517 2,510
No. of ICUs 35 24
Patient characteristics
Demographics
Age, years, mean (SD) 57.9 (16.7) 61.9 (17.5) <0.0001
Male, n (%) 1,939 (55) 1,425 (57) 0.18
White, n (%) 2,175 (62) 1,917 (76) <0.0001
Chronic disease, n (%) 2,192 (62) 1,541 (61) 0.35
Cancer, n (%) 800 (23) 600 (24) 0.29
Chronic kidney disease, n (%) 481 (14) 372 (15) 0.21
Admission diagnoses, n (%)
Central nervous system 782 (22) 451 (18) <0.0001
Circulatory system 1,093 (31) 665 (26) 0.0002
Respiratory system 1,419 (40) 789 (31) <0.0001
Trauma 202 (6) 223 (9) <0.0001
Operative status, n (%)
Post-operative, elective 511 (15) 447 (18) 0.0006
Post-operative, emergent 305 (9) 277 (11) <0.0001
Hospital course in prior 24 hours
Severity of illness, mean (SD)
APACHE Il 16.7 (7.6) 16.5 (7.0) 0.40
SOFA 5.0 (3.8) 4.7 (3.6) 0.010
Lowest Hct (%), mean (SD) 29.9 (6.6) 29.6 (6.2) 0.11
<21%, n (%) 205 (6) 126 (5) 0.13
>21% and < 30%, n (%) 1,674 (47) 1,252 (50)
>30%, n (%) 1,638 (46) 1,132 (44)
Blood loss, n (%)
Gl bleed 151 (4) 101 (4) 0.62
Other source® 281 (8) 204 (8) 0.70
RBC transfusion, n (%) 393 (11) 378 (15) <0.0001
Shock, n (%) 1697 (48) 1456 (58) <0.0001
Sepsis, n (%) 899 (26) 509 (20) <0.0001
Acute kidney injury, n (%) 628 (18) 620 (25) <0.0001
Renal replacement therapy, n (%) 279 (8) 173 (7) 0.13
Continuous infusion of 1,045 (30) 884 (35) <0.0001
sedative/analgesic, n (%)
Hospital characteristics
Hospital beds, mean (SD) 620 (294) 705 (272) <0.0001
CPOE present, n (%) 2,536 (71) 2,317 (91) <0.0001
Study ICU characteristics
Medical, n (%) 1,696 (48) 893 (36) <0.0001
Surgical or mixed, n (%) 1,821 (52) 1,617 (64) <0.0001
Beds in ICU, mean (SD) 21.0(8.9) 16.3 (6.8) <0.0001
Annual ICU admissions, mean (SD) 1,373 (627) 1,424 (739) 0.0002
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ICU organization, n (%)

Open units 491 (14) 200 (8) <0.0001
Semi-open units 891 (25) 332 (13) <0.0001
Closed units 2,135 (61) 1,978 (79) <0.0001

Number of protocols in ICU, mean 15.2 (5.1) 21.3(3.6) <0.0001
(SD)

APACHE Il = Acute Physiology and Chronic Health Evaluation Il score; SOFA = Sequential Organ Failure
Assessment score; “Blood loss, Other source” includes bleeding during surgery, procedures, or any
otherwise documented; CPOE = Computerized Physician Order Entry



Table 2. Logistic regression analysis of transfusion risk in relation to independent risk factors of

Restrictive Transfusion Protocol and covariates in the CIOS population.

Odds Ratio (95% Cl)

Transfused Not Transfused Unadjusted Adjusted
Patient characteristics n=771 n=5,256
Demographics
Age (yr), mean (SD) 59.7 (16.7) 59.6 (17.2) 1.00 (0.96-1.05)
Male, n (%) 326 (42) 2,337 (44) 0.92 (0.81-1.06)
White, n (%) 558 (72) 3,534 (67) 1.24(1.07-1.43)
Chronic disease, n (%) 541 (70) 3,262 (61)  1.40(1.22-1.61)
Cancer, n (%) 231 (30) 1,169 (22)  1.50(1.27-1.78)
Chronic kidney disease, n 134 (17) 719 (14)  1.22(1.02-1.45)
(%)
Admission diagnoses
Central nervous system, n 54 (7) 1,179 (22) 0.29(0.22-0.38) 0.55 (0.38-0.78)
(%)
Circulatory system, n (%) 239 (31) 1,519 (29) 1.09 (0.95-1.26)
Respiratory system, n (%) 223 (29) 1,985 (38) 0.70(0.60-0.81) 0.77 (0.61-0.96)
Trauma, n (%) 59 (8) 366 (7) 1.10 (0.86-1.41)
Operative status, 'n (%)
Post-operative, elective 145 (19) 813 (15) 1.33(1.10-1.63)
Post-operative, emergent 94 (12) 488 (9) 1.37(1.09-1.73)
Hospital course in prior 24
hours
Severity of illness
APACHE II, mean (SD) 19.4(7.7) 16.3(7.2)  1.06 (1.05-1.07)
SOFA, mean (SD) 6.5 (4.3) 4.7(3.6) 1.12(1.11-1.15)
Lowest Hct (%), mean (SD)
<21% 18.4 (2.5) 18.2(2.8)  1.03(0.95-1.13) 0.98 (0.90-1.06)
>21% and < 30% 24.4 (2.4) 26.1(2.3) 0.72(0.69-0.75) 0.71 (0.64-0.78)
>30% 33.0(2.9) 35.4(4.5) 0.83(0.77-0.90) 0.89 (0.81-0.97)
Blood loss
Gl bleed, n (%) 159 (21) 93(2) 20.5(15.6-27.0) 15.0 (10.5-21.3)
Other, n (%) 205 (27) 280(5) 8.78(7.14-10.8) 6.95 (5.30-9.11)
Shock, n (%) 522 (68) 2,631 (50) 2.09 (1.78-2.46) 1.34 (1.09-1.65)
Sepsis, n (%) 207 (27) 1,201 (23)  1.24 (1.04-1.47)
Acute kidney injury, n (%) 232 (30) 1,016 (19) 1.69(1.46-1.95) 1.47(1.17-1.84)
Renal replacement therapy, n 92 (12) 360(7) 1.69(1.39-2.06)
(%)
Continuous infusion of 330 (43) 1,599 (30) 1.62(1.42-1.85)
sedative/analgesic, n (%)
Hospital characteristics
Hospital beds, mean (SD) ° 696 (283) 650 (288) 1.06 (1.03-1.09)
CPOE present, n (%) 659 (85) 4,098 (78)  1.58(1.30-1.91)
Study ICU characteristics
Surgical or mixed, n (%) 478 (62) 2,960 (56) 1.27(1.08-1.48) 1.18 (0.87-1.61)
Beds in ICU, mean (SD) * 19.1 (8.5) 18.6(7.8)  0.96 (0.92-1.01) 0.91(0.79-1.05)

Annual ICU admissions, mean
(sD)°

1,397 (677) 1,387 (695)

0.99 (0.95-1.04)

1.07 (0.93-1.24)
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ICU organization ¢

Semi-open units, n (%) 148 (19) 1,188 (22)  0.69 (0.53-0.90) 1.64 (0.91-2.94)
Closed units, n (%) 529 (69) 3,794 (70)  0.78(0.62-0.97) 1.07 (0.68-1.68)

Number of protocols in ICU, 17.5(5.4) 19.0(5.1) 1.06(1.04-1.07) 1.07 (1.03-1.12)
mean (SD)

Restrictive transfusion
protocol, n (%)

For Hct < 21% 84 (40) 91(37) 1.25(0.79-2.00) 1.03 (0.54-1.96)
For 21% < Hct < 30% 250 (51) 1,002 (41) 1.52(1.25-1.85) 0.59 (0.36-0.96)
For Hct > 30% 44 (59) 1,088 (40)  2.17 (1.35-3.47) 0.86 (0.54-1.36)

! Reference group is non-operative

> 0dds ratio reported per 100 adult hospital beds

* Reference group is Medical ICUs

* 0dds ratio reported per 5 beds in study ICU

> 0dds ratio reported per 400 annual ICU admissions

®Reference group is Open ICUs

Cl = Confidence Interval; APACHE Il = Acute Physiology and Chronic Health Evaluation Il score; SOFA =
Sequential Organ Failure Assessment score; “Other blood loss” includes bleeding during surgery,
procedures, or otherwise documented; CPOE = Computerized Physician Order Entry
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Figure 1: Study flow chart.
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Figure 2: Distribution of anemia among transfused patients (n=771). Bars labeled with

proportion as a percentage of all transfused patients in each category.

Percent of Transfused Patients

=21%

21-24% 24-27% 27-30%
Category of Anemia by Lowest Hematocrit

= 30%

26



Figure 3: Unadjusted frequency of RBC transfusion by hematocrit, comparing subjects in ICUs

with Restrictive Transfusion Protocols vs. ICUs without. Hematocrits (Hct) of subjects are
grouped in categories of 3%. Error bars represent the Standard Error of Proportions. Vertical
reference lines mark standard hematocrit transfusion thresholds of 21 and 30%, demarcating
three categories of mild (Hct>30%, n=331) moderate (21%<Hct<30%, n=3,053) and severe

(Hct<21%, n=2,770) anemia.
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Figure 4: Predicted adjusted odds of transfusion over Hematocrit by exposure to Restrictive
Transfusion Protocol (RTP) vs. not exposed, using multivariable model with spline knots at
hematocrits of 21 and 30%. Predicted adjusted odds were calculated for a patient without any
other dichotomous exposures and median values for other continuous variables. Gray band

indicates 95% confidence interval for odds ratio of transfusion for an RTP.
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APPENDIX

Table A1l. Power calculations from two-tail test comparing binomial proportions for
expected incidence of transfusion in 24 hour sample and expected difference between RTP
vs. non-RTP groups in expected sample size of 6400

Transfusion Incidence
10% 15% 20%
Expected difference 15% 51.8% 71.6% 85.6%
between RTP vs. non-RTP
groups: 20% 77.0% 92.8% 98.3%
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Figure A1: Mixed-effects logistic regression with spline terms.

Logit (Transfusion = 1) =

Bo + B1(Dx_CNS) + B, (Dx_Resp) + Bs(Bleed_GI) + B4(Bleed_Other) + Bs(Shock) +

Bes(AKI) + B7(Surg_Mixed) + Bg(ICUBeds/5) + Bo(ICUAdmissions/400) + B1o(Org_Semiopen)

+ B11(Org_Closed) + B1z(ProtocolNum) +

B1s(HctLow) + Bia((HctLow = 21) * (HctLow - 21)) + Bys((HctLow = 30) * (HctLow - 30)) +

B1s(RTP) + Byy((HctLow = 21)*RTP)+ Byg((HctLow = 30)*RTP) +

Vi

Dx_CNS: Neurologic diagnosis present at ICU admission

Dx_Resp: Respiratory diagnosis present at ICU admission

Bleed_GIl: Blood loss from Gl bleed recorded on study day

Bleed_Other: Blood loss from Surgery, Procedure, or Other recorded on study day
Shock: Lowest mean arterial pressure < 65mmHg or use of vasopressors on study day
AKI: Acute kidney injury recorded on study day

Surg_Mixed: ICU type as a surgical or mixed ICU

ICUBeds: Number of beds in study ICU

ICUAdmissions: Number of annual admissions to study ICU

Org_Semiopen: Semi-open model used for physician staffing

Org_Closed: Closed model used for physician staffing

ProtocolNum: Total clinical protocols in place as assessed by CIOS

HctLow: Lowest hematocrit recorded on study day

RTP: Restrictive transfusion protocol present in study ICU

Vi: Random effect term for each hospital (i)
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