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Abstract

INTRODUCTION: This report provides supplemental results from the 2017 National Blood
Collection and Utilization Survey on characteristics of the donor population, autologous and
directed donations and transfusions, platelets, plasma and granulocyte transfusions, pediatric
transfusions, severe donor-related adverse events, cost of blood units, hospitals policies and
practices, and inventory, dosing, and supply.

METHODS: Weighting and imputation were used to generate national estimates including
number of donors, donations, donor deferrals, autologous and directed donations and transfusions,
severe donor-related adverse events, platelet and plasma collections and transfusions, number of
cross-match procedures, irradiation and leukoreduction, and pediatric transfusions.

RESULTS: Between 2015 and 2017, successful donations decreased slightly by 2.1% with a
10.3% decrease in donations by persons aged 16-18 years and a 14.4% increase in donations by
donors aged >65 years. The median price paid for blood components by hospitals decreased from
$211 to $207 for leukoreduced red blood cell units, from $523 to $517 for leukoreduced apheresis
platelet units, and from $54 to $51 for fresh frozen plasma units. Plasma transfusions decreased
13.6%, but group AB plasma units transfused increased 24.7%.

CONCLUSION: Between 2015 and 2017, blood donations declined slightly because of decreases
in donations from younger donors, but the number of donations from older donors increased. The
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price hospitals pay for blood has continued to decrease. Plasma transfusions have decreased, but
the proportion of plasma transfusions involving group AB plasma have increased.

Blood is a critically important health resource used across numerous medical specialties and
settings. It is important to monitor blood availability, blood safety, and current and emerging
practice in the blood sector by following trends in blood use in the United States to inform
decision making from the state and national policy level, down through the localized blood
bank level.l The National Blood Collection and Utilization Survey (NBCUS) is a biennial,
comprehensive survey of blood collectors and transfusing hospitals that has for several
decades provided these data for the blood industry, policymakers, and other stakeholders.
The NBCUS includes questions on collection and transfusion of blood components as well
as questions designed to monitor the donor population; donor and patient adverse reactions;
and practices in the collection, production, and transfusion of blood products.

The Centers for Disease Control and Prevention (CDC), in collaboration with the Office of
the Assistant Secretary for Health, has administered the NBCUS since 2013. The 2017
survey is the third NBCUS administered and analyzed by CDC. Based on the experience
gained from the 2013 and 2015 surveys, numerous efforts have been made to improve the
survey process, response, and usefulness. First, CDC has devoted additional resources to the
pre-survey protocols and to survey follow-up in order to increase participation and enhance
the accuracy and representability of the NBCUS. Second, CDC has made efforts to update
the survey format and questionnaire with the objective of maintaining consistency between
the questions, where possible, to allow longitudinal comparison. Third, CDC continues to
prioritize dissemination of the survey findings such that data collected as part of the survey
are available in the scientific literature.

This article supplements the findings reported by Jones et al.2 on collection, use, and cost of
whole blood, red blood cells (RBCs), platelets (PLTs), and plasma, and by Savinkina et al.3
on topics related to implementation of safety measures in the blood industry, including
transfusion-associated adverse reactions. The remaining results from the 2017 NBCUS are
presented herein with comparison to the 2015 findings.

METHODS

The 2017 NBCUS is the third iteration to be administered by CDC, following the 20134°
and 2015°7 surveys. The structure of the survey and methods employed to analyze the data
are essentially unchanged from 2015, but the administration of the survey was modified
based on lessons learned in 2013 and 2015 as summarized below.

Questionnaire design

The 2017 survey consisted of 20 questions for blood collection centers and 28 questions for
transfusion centers. Compared to the 2015 NBCUS, several minor changes were made to
questions for the 2017 survey in order to add clarity. Additionally, several questions were
added. In the section on blood collection, new questions were added on implementation of
Pathogen Reduction Technology (PRT), Babesia screening, blood center mergers and
insolvency, and hematopoietic growth factor mobilization for granulocyte collections.
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Several existing questions were also enhanced to include the following: male and female
categorization of the number of donors presenting and donors deferred; abnormal pulse
and/or blood pressure as a new category for donor deferrals; one-year age categorizations for
the number of donations by donors aged 15-18 years; age categorizations for severe donor-
related adverse events (<18 years and = 19 years; the “All donors” category from the 2015
survey was kept for comparison); additional questions on group O RBC collections,
distributions and outdates; collections, distributions, and outdates of additional plasma
components.

Survey respondents at participating hospitals were asked new questions on PRT-treated
component transfusions and on neonatal patients, including the use of aliquots for neonatal
patients and sub-categorization of pediatric transfusions to separate neonatal (aged <4
months) and pediatric patients (aged >4 months). In the 2015 NBCUS, we were unable to
determine whether facilities that did not answer questions on pediatric and neonatal
transfusions should be treated as a zero (e.g., facilities do not transfuse pediatric patients) or
as missing (e.g., facility skipped the question or did not know). As a result of this, a question
was added regarding whether facilities transfuse pediatric or neonatal patients. Finally,
survey respondents were specifically asked if irradiation involved cesium and/or X-ray.

Sampling method

The construction of the sampling frame followed similar methods to the 2015 NBCUS.® The
sampling frame for blood collection centers was based on the Food and Drug Administration
(FDA) Blood Establishment Registration (FDA-BER) database retrieved in November
2016.8 All facilities collecting or modifying blood are required to register with the FDA-
BER. The sampling frame for hospitals was based on the American Hospital Association
(AHA) annual survey database® for 2015, which was the most recently available year. The
AHA annual survey database was restricted to U.S. facilities with at least 100 annual
inpatient surgical operations within the 50 states and Washington, D.C., and excluded
military, Department of Justice, psychiatric, rehabilitation, specialty hospitals, and long-term
acute care facilities.

All community- and hospital-based blood centers were sampled at 100%. Hospitals with an
annual inpatient surgical volume of between 100 and 999 were sampled at 40%. Hospitals in
this category that appeared on the FDA-BER or that had collected blood in 2015 were
treated as hospital-based blood centers and were excluded from the sampling protocol. All
hospitals with annual inpatient surgical volume of 1000 or more were sampled at 100%.

Nonresponse to the 2015 NBCUS was partially attributed to incorrect contact information,
so additional effort was made to confirm facility contacts for the 2017 survey. All
community-based blood centers were contacted by email or telephone to confirm contact
information. All sampled hospitals (including hospital-based blood centers) were sent a
web-based contact confirmation form via email. Non-respondents to the contact
confirmation form were contacted via U.S. mail or by telephone. Contact confirmation
activity took place from November 2017 through April 2018.
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The survey was sent to each sampled facility in April 2018 via confirmed email with each
facility receiving a unique survey. Sampled facilities were given 3 months to respond. All
facilities were sent a reminder letter at the end of the first month of the survey data
collection period, followed by telephone outreach starting in the second month to contacts at
facilities where the survey had not yet been started. Follow-up for incomplete or inconsistent
response was conducted through March 2019.

Stratification, imputation, and weighting

The stratification used for blood centers and hospitals was consistent with the techniques
used in 2015.2 For the collection questions, community-based blood centers were stratified
based on the number of RBC collections in 2015 with facilities stratified into four groups:
less than 50,000 units, 50,000 to 199,000 units, 200,000 to 399,000 units, and 400,000 or
more units. Hospital-based blood centers were stratified using the inpatient surgical volume
from the AHA database used to construct the sampling frame, with facilities stratified into
three groups: less than 1000 inpatient surgeries during 2015, 1000 to 7999 inpatient
surgeries during 2015, and more than 8000 inpatient surgeries during 2015. For the
transfusion questions, hospitals were separated into six categories based on inpatient surgical
operations'? from the AHA database used to construct the sampling frame: 100 to 999, 1000
to 1399, 1400 to 2399, 2400 to 4999, 5000 to 7999, and more than 8000 inpatient surgeries
during 2015.

Missing data were imputed using the same multiple imputation techniques employed in
2013 and 2015.511 All imputed variables were continuous and non-normally distributed. A
two-stage imputation procedure was used for variables skewed toward zero.12 Variables with
missing data exceeding 20% of respondents were not imputed, instead being analyzed using
complete case analysis.13 Imputation was applied only for variables for which a national
estimate was produced.

Responses were weighted for non-response within strata, with weights calculated as the
overall number of responses to the survey divided by the total number of facilities in the
sampling frame, by strata. Community-based blood centers with more than 400,000 RBC
collections were assigned a weight of 1.0. All other blood centers and all transfusing
hospitals were assigned a weight according to the inverse of the response rate for their strata.
Facilities with fewer than 1000 annual inpatient surgeries were sampled at 40% and were
therefore assigned combined weights for non-response and for sampling. Confidence
intervals (Cls) were estimated for national estimates using the Taylor series method.14

Imputation and weighting were used to produce national estimates of number of persons
presenting to donate; deferred donors; donations by age and type; repeat and allogeneic
donors; donations, transfusions, donors, and recipients for autologous and directed blood
components; severe donor-related adverse events; single, double, and triple apheresis PLT
collections; plasma components collected and transfused; cross-match procedures performed
on whole blood/RBCs; and irradiated units transfused by hospitals. An available case
analysis was used to produce estimates of the number of PLT units transfused by hospital
location. The remaining variables were not weighted or imputed and are presented as means,
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medians, and percentages of responding facilities. In this study, whole blood/RBCs refers to
whole blood, whole blood-derived RBCs, and apheresis RBCs combined.

Additional data management was required for component cost estimates. A small number of
facilities appeared to have reported the total amount spent on blood products, rather than
price per unit; these facilities were removed by using a threshold that was five times the
standard deviation above the mean. Additional cleaning was required for whole blood-
derived PLTs and cryoprecipitate because some facilities appeared to have reported the cost
for pooled components. A threshold of $350 for whole blood-derived PLTs and $200 for
cryoprecipitate was chosen to remove the apparent outlier pooled estimates. In order to
compare 2015 and 2017, this cleaning methodology applied to 2017 was repeated for 2015
data. Cost data are presented in whole dollars.

An additional matched analysis of facilities was conducted to examine changes in the
number of PLT units transfused by location within a hospital from 2015 to 2017, and
changes in the number of pediatric and neonatal transfusions between 2015 and 2017.
Facilities that responded to these questions in both 2015 and 2017 were matched and the
median of the matched differences was used to summarize trends between the two surveys.
A t-test was used to test for significant changes in the cost of blood components between
2015 and 2017, and for changes in the number of PLT units transfused by location within a
hospital between 2015 and 2017; p values less than 0.05 were deemed significant. All
analyses were carried out using SAS software version 9.4 (SAS Institute Inc.).

Variables analyzed in this report

Survey participation is reported for 2017 and compared to prior years by facility type,
volume of RBC collections, number of inpatient surgical operations, and by geographical
region based on the Public Health Service (PHS) regions.1® Next, the estimated number of
donor deferrals stratified by deferral reason and sex, and the total number of donors
presenting to donate stratified by sex are reported for 2017 and contrasted with 2015. The
number of donations stratified by donor age and the number of donations by minority donors
are reported for 2017, followed by the total number of individual donors for 2017, split into
first-time and repeat allogeneic donors. The number of autologous and directed whole blood
and RBC donors and units donated and the number of directed PLT donors and units
donated in 2017 and 2015, as well as the number of autologous and directed whole blood
and RBC recipients and units transfused and the number of directed PLT recipients and units
in 2017 and 2015 are reported. The mean and median cost paid by hospitals for RBC
(leukoreduced and nonleukoreduced), whole blood-derived PLTs, apheresis PLTs, fresh
frozen plasma (FFP), plasma frozen between 8 and 24 hours of donation (PF24) and
cryoprecipitate are reported for 2015 and 2017, including reanalyzed estimates for 2015 are
reported. Costs paid by hospitals for leukoreduced RBCs, apheresis PLTs, and FFP are
further stratified by inpatient surgical volume, and PHS region. Next, hospital policies and
practices used to enhance the safety of recipients are shown for 2017 and 2015. The number
of severe donor-related adverse events and rates of transfusion reactions are reported for
2017 and contrasted with 2015 estimates, stratified by collection center type, collection type,
and donor age. Severe donor-related adverse events were defined as adverse events occurring
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in donors attributed to the donation process that include major allergic reactions, arterial
punctures, loss of consciousness of a minute or more, loss of consciousness with injury, and
nerve irritation.

The number of PLTs transfused by location within facilities is shown for 2017 and compared
with 2015, followed by the number of single, double, and triple apheresis PLT collections
and the number of facilities using PLT additive solution to prepare apheresis PLTs. The
number of apheresis and whole blood-derived plasma units collected and transfused by
component type is shown for 2017 and 2015. This is followed by a tabulation of the dosing
criteria used by facilities for routine dosing of plasma and for dosing of prophylactic and
therapeutic PLT transfusions. The age of RBC, apheresis PLT units, and whole blood-
derived PLT units at the time of transfusion by age group is shown for 2015 and 2017. The
number of group O+ and O- RBC units distributed, transfused, and outdated is shown for
2017 and 2015, followed by the number of group O RBC units on the shelf on an average
weekday and the number of O+ RBCs at which the supply is considered critically low,
stratified by annual inpatient surgical operations. The number of cross-match procedures is
shown for 2017 and 2015, stratified by cross-match procedure method. Next, the number of
irradiated whole blood and RBCs and apheresis PLT units transfused in hospitals in 2017
and 2015 are shown, stratified by irradiation method. The number of adult equivalent units
transfused in whole or in part for pediatric and neonatal patients and the number of pediatric
and neonatal recipients is reported for 2017 and 2015, stratified by blood component; the
estimates for 2017 are stratified by neonatal and pediatric patients. Finally, a summary of
policies for neonatal aliquot production is shown.

Survey participation

The 2017 NBCUS had the highest response rate of any NBCUS over the past seven surveys
with 85.7% (2588 of 3020) of sampled facilities responding (Table 1). The number of
community-based blood centers meeting inclusion criteria decreased from 80 in 2015 to 65
in 2017. Of these 65 community-based blood centers, 61 (93.8%) responded to the NBCUS
survey. The reduction in community-based blood centers was greatest in facilities with less
than 50,000 collections per year (Table 2) with 10 fewer facilities in 2017 than in 2015. The
rest of the reduction came from facilities with 50,000 to 199,000 collections per year where
the number of facilities dropped from 31 in 2015 to 26 in 2017.

The number of hospital-based blood centers also declined, but more sharply than
community-based blood centers, with a reduction from 142 in 2015 to 108 in 2017.
However, the response rate from hospital-based blood centers increased from 71.8% in 2015
to 85.2% in 2017. This reduction was driven almost entirely by medium-sized hospital-based
blood centers (with 1000 to 7999 inpatient surgeries per year), with a slight increase in the
number of smaller facilities (with fewer than 1000 surgeries per year) driven by previously
medium-sized facilities having lower annual inpatient surgical volume in 2017 and thus
being moved into the smaller hospital-based blood center categorization.
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The overall number of hospitals in the sample decreased slightly by 45 from 2892 in 2015 to
2847 in 2017. The response rate among hospitals was 85.5% and was relatively similar
across the surgical operations strata (Table 3) with a range of 82.9% to 89.0%. There was
slightly more variation in response rate by PHS region (Table 4), with Regions 6 and 9
having the lowest response rates (79.2% and 79.9% respectively) and Regions 1, 2, 3, and 7
all having response rates higher than 90%.

Donor characteristics

The number of potential donors presenting to donate, including successful, unsuccessful,
and deferred donors, in 2017 was 14,018,000 (95% CI, 13,132,000-14,903,000) which was
a 7.2% decrease over 2015 when the total presenting to donate was 15,111,000 (Table 5). Of
those presenting to donate, a total of 2,544,000 (95% ClI, 2,373,000-2,716,000) donors were
deferred, which is an increase of 34.9% over 2015 (1,886,000 deferrals). The donor deferral
rate in 2017 (18.1%) was higher than that in 2015 (12.5%). The biggest drivers of this
increase were low hemoglobin or hematocrit, other non-medical reasons, and blood pressure
and/or pulse (a deferral category that was newly added to the 2017 NBCUS). Deferrals
attributed to blood pressure and/or pulse accounted for 288,000 (95% CI, 261,000-315,000)
deferrals in 2017. Low hemoglobin/hematocrit increased by 140,000, or 14.3%, from
975,000 deferrals in 2015 to 1,115,000 (95% Cl, 1,051,000-1,179,000) deferrals in 2017.
Other (non-medical) deferrals increased by 135,000, or 81.4%, from 166,000 deferrals in
2015 to 301,000 (95% Cl, 264,000-338,000) deferrals in 2017. Deferrals for other medical
reasons (including use of medications on the medication deferral list, growth hormone from
human pituitary glands, Hepatitis B Immune Globulin, etc.) increased by 19,000, or 3.7%,
from 504,000 deferrals in 2015 to 523,000 (95% CI, 442,000-603,000) deferrals in 2017,
deferrals for men who have sex with men (MSM) decreased by 2000 deferrals, or 25.8%,
from 8000 deferrals in 2015 to 6000 (95% CI, 5000-7000) deferrals in 2017, and deferrals
for tattoo/piercing increased by 12,000, or 25.1%, from 49,000 deferrals in 2015 to 61,000
(95% Cl, 55,000-67,000) deferrals in 2017. Results for most other deferral categories were
relatively unchanged in 2017 compared to 2015.

The 2017 survey included questions to determine how many deferred donors were male and
female. The number of males and females presenting to donate in 2017 was approximately
even, with 7,099,000 males and 6,919,000 females. However, the number of females
deferred in 2017 was higher than the number of males, with 1,683,000 females deferred
(66.1% of all deferrals) compared to 862,000 males (33.9% of all deferrals). The primary
cause of this difference was deferrals for low hemoglobin/hematocrit, for which 907,000
females were deferred compared to 208,000 males. There was also a large difference in the
number of male and female deferrals for other medical reasons with 319,000 females
deferred compared to 203,000 males. Females were also more likely to be deferred, although
in lower numbers, for an abnormal pulse and/or blood pressure (154,000 females; 134,000
males), tattoo/piercing (42,000 females; 19,000 males), and other deferral reasons (176,000
females; 125,000 males). The only category where male deferred donors exceeded female
deferred donors was in deferrals for high-risk behaviors (e.g., nonmedical intravenous drug
use, incarceration, high-risk sexual contact), with a combined total of 17,000 men deferred
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compared with 9,000 females deferred; among the 17,000 deferred male donors, 6,000 were
deferred because of a history of male sexual contact.

Of the 14,018,000 potential donors in 2017, 11,101,000 (95% Cl, 10,553,000-11,649,000)
resulted in successful donations (Table 6), which is only a slight decrease from the
11,339,000 successful donations in 2015. These successful donations came from a total of
7,996,000 (95% Cl, 7,547,000-8,446,000) donors (Table 7), a 17.4% increase compared to
2015 (6,812,000 total individual donors). This 17.4% increase in donors was driven by a
29.0% increase in repeat allogeneic donors (from 4,589,000 in 2015 to 5,921,000 [95% ClI,
5,536,000-6,306,000]) in 2017; first-time allogeneic donors decreased 6.6%, from
2,223,000 in 2015 to 2,076,000 (95% CI, 1,951,000-2,200,000) in 2017. The number of
donations that came from minority donors in 2017 was 2,018,000 (95% Cl, 1,605,000—
2,432,000), which represents 18.2% of all donations. The number of donations collected
from minority donors was not reported for the 2015 NBCUS because of insufficient data
quality.

Table 6 shows the national estimates of the number of donations by donor age from the 2015
and 2017 surveys. The majority of donations came from donors between the ages of 25-64
years (63.1%) followed by donors aged =65 years (14.4%), donors aged 16-18 years
(12.3%), and donors aged 19-24 years (10.1%). From 2015 to 2017, donations by persons
aged <65 years decreased by 447,000, including 156,000 fewer donations (10.3% decrease)
among donors aged 16-18 years, 119,000 fewer donations (9.6% decrease) by donors aged
19-24 years, and 172,000 fewer donations (2.4% decrease) among donors aged 25-64 years.
In contrast, donations by donors aged =65 years increased by 202,000, or 14.4%, from
1,401,000 in 2015 to 1,603,000 (95% Cl, 1,481,000-1,725,000) in 2017. The 2017 survey
included expanded categories for the number of donations by donors aged 15-18 years.
Donors aged 15 years provided 6000 (95% CI, 0-19,000) donations, donors aged 16 years
provided 286,000 (95% CI, 256,000-316,000) donations, donors aged 17 years provided
586,000 (95% ClI, 532,000-640,000) donations, and donors aged 18 years provided 493,000
(95% Cl, 460,000-525,000) donations.

Autologous and directed transfusions

Cost

The number of autologous whole blood/RBC transfusions increased from 20,000 units in
2015 to 27,000 units (95% CI, 11,000-43,000) in 2017 with 25,000 recipients (95% ClI,
4,000-45,000) in 2017 compared with 9,000 recipients in 2015 (Table 8). The total number
of directed RBC/whole blood transfusions decreased from 66,000 units in 2015 to 56,000
(95% CI, 32,000-80,000) units in 2017 with 38,000 recipients (95% ClI, 15,000-61,000) in
2017 compared with 25,000 recipients in 2015. The number of directed RBC/whole blood
units transfused per recipient decreased from 2.6 in 2015 to 1.5 in 2017.

Unit cost data were removed from 146 of 2047 facilities where the value reported was more
consistent with total annual spending on blood products rather than individual unit cost. The
estimate of the cost of individual whole blood-derived PLT units excludes 55 of 133
facilities that reported values above $350 that are consistent with reporting of pooled
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estimates rather than individual estimates. The estimate of the cost of individual
cryoprecipitate units excludes 425 of 1586 facilities that reported values above $200 that
appear to be more likely attributable to reporting of pooled estimates rather than individual
estimates.

Component costs as reported by hospital respondents declined between 2015 and 2017
(Table 9), continuing the steady decrease shown in previous reports.® The reanalyzed median
costs for 2015 were similar to the costs originally reported for 2015° except for the costs of
whole blood-derived PLTs and cryoprecipitate, which decreased by $20 and $6 respectively.
Between 2015 and 2017, the median price paid per unit decreased by $4 for leukoreduced
RBCs, $4 for non-leukoreduced RBCs, $3 for whole blood-derived PLTs, $6 for apheresis
PLTs, $3 for FFP, and $2 for plasma frozen between 8 and 24 hours of donation (PF24).
There was no change in the cost of a single unit of cryoprecipitate. Mean cost differences are
less robust than median differences and may reflect differences in outliers; nevertheless,
there was a statistically significant decrease of $8 in the mean cost of apheresis PLT units
from $530 in 2013 to $522 in 2017. Mean costs were unchanged between 2015 and 2017 for
FFP, PF24, and cryoprecipitate. Mean costs for nonleukoreduced RBCs and whole blood-
derived PLTs showed an increase, but the low number of facilities reporting costs for these
components (198 and 78, respectively) suggest that these may be unreliable estimates.

RBCs—The median price paid for leukoreduced RBCs reported by respondents at 1946
hospitals was $207 in 2017 (inter-quartile range [IQR], $196-$223), with a mean value of
$213, which suggests only slight skew in the overall cost distribution (Table 9). The cost of
leukoreduced RBCs (Table 10) was higher for facilities performing the fewest inpatient
surgeries (100-999; $216) and lowest for facilities performing the most inpatient surgeries
(5000-7999 and =8000; $203). The decline in median cost was limited to facilities
performing more than 1000 in patient surgeries, with the smallest facilities (100-999
inpatient surgeries) paying a slightly higher cost for leukoreduced RBCs in 2017 ($216) than
in 2015 ($215). When stratified by PHS region, the reduction in cost of leukoreduced RBCs
was not geographically uniform (Table 11).

The decrease in cost of leukoreduced RBCs was driven by decreases in PHS Regions 1 (CT,
MA, ME, NH, RI, VT), 2 (NJ, NY), 8 (CO, MT, ND, SD, UT, WY), and 9 (AZ, CA, HI,
NV). The cost of leukoreduced RBCs increased in PHS Regions 6 (AR, LA, NM, OK, TX),
7 (IA, KS, MO, NE), and 10 (AK, ID, OR, WA) and was approximately unchanged in PHS
Regions 3 (DC, DE, MD, PA, VA, WV), 4 (AL, FL, GA, KY, MS, NC), and 5 (IL, IN, M,
MN, OH, WI).

The price paid for nonleukoreduced RBCs was reported by 198 of 2435 hospitals that
responded to the 2017 survey, likely reflecting the lower usage of this component type. The
median price paid by hospitals for nonleukoreduced RBCs in 2017 was $200 with an IQR of
$184-214 and a mean of $207. The median (mean) price paid for nonleukoreduced RBCs
was $7 ($6) less than leukoreduced RBCs and decrease in the median price paid for
leukoreduced and nonleukoreduced RBCs from 2015 to 2017 was the same ($4).
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PLTs—The median price paid for apheresis PLTs reported by 1923 hospitals was $517 in
2017, a decrease of $6 from $523 in 2015 (Table 9). The decrease in price was highest for
medium-sized hospitals, with prices unchanged for hospitals with 100-999 inpatient surgical
operations and only a slight decrease for hospitals with =8000 inpatient surgical procedures.
The decrease was largest for hospitals with inpatient surgical operations between 2400—
7999, resulting in these hospitals paying a similar price as hospitals with =8000 inpatient
surgical operations ($506—$510). The price paid for apheresis PLTs in 2017 is now at least
$30 more per unit for hospitals with the 100-999 inpatient surgical operations than for
hospitals with at least 2400 inpatient surgical procedures.

There are large geographic differences in the price paid for apheresis PLTs (Table 10), with
respondents at hospitals in PHS Region 10 (AK, ID, OR, WA) reporting the highest median
price per unit in 2017 at $567. Nearly all PHS regions saw a decrease in mean price paid for
apheresis PLTs, but hospitals in PHS region 10 reported an increase of $17 in the median
price. The mean price paid for apheresis PLTs decreased, reflecting a less skewed price
distribution in 2017 compared to 2015 because of increasing cost for most facilities with a
decrease in cost for facilities that had been paying the highest prices in 2015. The median
price paid for apheresis PLTs in PHS Region 10 ($567) was still $44 more than the national
median price ($523) and $77 more than the two PHS regions with the lowest median price
paid (PHS Regions 7 [I1A, KS, MO, NE] and 9 [AZ, CA, HI, NV]; $490).

In 2017, respondents at only 78 hospitals reported the price paid per whole blood-derived
PLT unit after removing outliers. There was a slight decrease in median price paid from $75
in 2015 to $72 in 2017, although there was an increase in the mean price from $80 to $85,
suggesting an increased skew in the price distribution. The median pool size of whole blood-
derived PLTs was five in 2017, thus the median price of a nonleukoreduced, nonirradiated
whole blood-derived PLT pool is projected as $360.

Plasma—The 2017 NBCUS asked respondents at hospitals to report the price paid for both
FFP and PF24. Of 2435 hospitals that responded to the survey in 2017, 1134 reported a price
for FFP and 1616 reported a price for PF24 (Table 9). The median price for each plasma
product was similar in 2017 ($51 for FFP and $50 for PF24) and a decrease compared to
2015 ($54 for FFP and $52 for PF24); the IQR was the same for FFP and PF24 ($43-$60).
Hospitals with 100-999 inpatient surgical operations paid the highest median price for FFP
($60) and PF24 ($58), both of which were unchanged since 2015 (Table 10). Furthermore,
the decrease in median price paid was limited to hospitals with more than 1000 inpatient
surgical procedures. The difference in price paid between hospitals with 100-999 inpatient
surgical operations and hospitals with 28000 inpatient surgical operations grew to $15
(25%) more expensive for FFP and $13 (22%) more expensive for PF24.

The median price of FFP decreased in most PHS regions, although PHS Region 4 (AL, FL,
GA, KY, MS, NC), showed zero decrease (Table 11). The biggest decrease occurred in PHS
Region 1 (CT, MA, ME, NH, RI, VT), which became the region with the lowest price paid.
The highest median price paid was reported by PHS Region 10 (AK, ID, OR, WA; $69 in
2017), followed by PHS Region 8 (CO, MT, ND, SD, UT, WY; $65 in 2017).
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Hospital policies or practices related to transfusion services

The percentage of hospitals that have a Transfusion Safety Officer (TSO) on staff rose from
16.2% in 2015 to 19.3% in 2017 (Table 12). Of the 448 facilities that responded as having a
TSO in 2017, 89.1% (399/448) reported that the TSO was employed by the hospital, while
the remaining 10.0% (45/448) were employed by a blood center and 0.9% (4/448) did not
specify who employs the TSO. The percentage of TSOs employed by blood centers
increased since 2015, when 94.9% (282/297) were employed by the hospital and 5.1%
(15/297) were employed by a blood center.

The percentage of transfusing facilities that collect data on sample collection errors
remained relatively unchanged from 83.3% of facilities in 2015 to 82.9% of facilities in
2017. However, the mean number of sample collection errors rose slightly from 37.0 per
facility in 2015 to 41.8 per facility in 2017. The percentage of facilities reporting the
existence of a program to treat patients who refused blood components for religious,
cultural, or personal reasons was also relatively unchanged at 73.5% in 2017 from 71.6% in
2015. The median number of samples (patient specimens submitted for testing) received by
the hospital’s blood bank was also unchanged at 4547 samples in 2017 from 4576 samples
in 2015.

Severe donor-related adverse events

In 2017, there were a total of 14,614 severe donor-related adverse events among 12,855,000
total collections, a rate of 1:880 (Table 13). This rate is lower than the 2015 reaction rate of
1:762 (17,762 severe donor-related adverse events and 13,526,000 total collections). The
reaction rate for whole blood (manual) and apheresis (automatic) collections was
approximately equal in 2015, but the rate of severe donor-related adverse events associated
with apheresis collections was lower in 2017 (1:940) compared to the rate associated with
whole blood collections (1:867). Similar to 2015, the severe donor-related adverse event—
rate associated with whole blood collections in community-based blood centers (1:896) was
lower than the reaction rate associated with hospital-based collection centers (1:525) during
2017. However, the severe donor-related adverse event rates at community-based blood
centers and hospital-based blood centers were approximately the same for apheresis
collections, although hospital-based blood centers had very few apheresis collections
overall.

Among all successful donations during 2017, 12.4% were collected from persons aged 15—
18 years (1,371,000 of 11,101,000; Table 6). However, 32.5% of severe donor-related
adverse events associated with whole blood collections were among donors aged <18 years
(3904 of 12,029 total reactions). In contrast, 9.6% of severe donor-related adverse events
associated with apheresis collections were among donors aged <18 years (248 of 2337 total
reactions).

PLT-related considerations

The number of PLT units transfused by location within a healthcare facility in 2017 is shown
in Table 14. Among 1,937,000 PLT units transfused during 2017, the largest number were
transfused in inpatient medicine (including hematology and oncology) (783,000 units; 95%
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Cl, 658,000-908,000) followed by critical care (375,000 units; 95% CI, 327,000-423,000),
outpatient and non-acute inpatient settings (332,000 units; 95% CI, 267,000-397,000) and
all surgery (including transplant) (300,000 units; 95% CI, 256,000-343,000). PLT use was
relatively unchanged between 2015 and 2017, but there were minor variations by transfusion
location. Small but statistically significant increases were found in PLT use in emergency
departments, which increased from 79,000 PLT units in 2015 to 99,000 (95% CI, 85,000—
113,000 units) in 2017, and in obstetrics/gynecology, which increased from 11,000 PLT
units in 2015 to 16,000 units (95% CI, 12,000-20,000 units) in 2017. Inpatient medicine was
reported to have the largest decrease in PLT unit use between 2015 and 2017, decreasing
from 866,000 PLT units in 2015 to 783,000 PLT units in 2017; however, this was not
statistically significant.

Table 15 shows the number of apheresis PLT units collected from either single, double, or
triple collections for 2015 and 2017. The total number of collected apheresis PLT units
increased from 2,234,000 units in 2015 to 2,338,000 (95% ClI, 2,189,000-2,487,000) in
2017. In 2015, single apheresis PLT collections accounted for 18.1% of units, double
apheresis PLT collections accounted for 49.6% of units, and triple apheresis PLT collections
accounted for 32.3% of units. In 2017, the percentage of PLT units from single apheresis
collections increased to 23.2%, while the percentage of PLT units collected from double
apheresis collections decreased to 46.0% and those from triple apheresis collection
decreased to 30.9%.

The number of blood collection centers that reported using PLT additive solution (PAS) to
prepare apheresis PLT units (Table 16) was approximately the same in 2017 (n = 12
facilities) as 2015 (n = 11 facilities). The mean number of units per facility prepared using
PAS in these facilities decreased to 2742 in 2017 from 3374 in 2015, although this is far
higher than the reported mean in 2013 of 43. Of the 12 facilities that reported using PAS to
prepare PLT units, 8 were community-based blood centers and the remaining 4 were
hospital-based blood centers.

Plasma-related results

Table 17 shows estimates of the number of plasma units collected during 2017 by plasma
product type from both whole blood and apheresis collections. During 2017, 3,209,000
(95% Cl, 2,879,000-3,539,000) units of plasma were collected, a decrease of 13.6%
compared to 2015.5 Of the 3,209,000 collections, the majority were distributed as PF24
(1,964,000 units; 95% Cl, 1,663,000-2,266,000). Of the PF24 units, 91.3% were
manufactured from whole blood collections and 8.7% of units were manufactured from
apheresis collections. The total number of PF24 collections during 2017 is similar to the
2015 estimate. The majority of the other plasma units collected were distributed as FFP
(974,000 units; 95% CI, 755,000-1,194,000 units), with 82.0% of FFP units manufactured
from whole blood collections and the remaining 18.0% manufactured from apheresis
collections. This is a decrease of 21.8% compared to the 2015 estimate of FFP, which largely
explains the overall decrease in plasma collections between 2015 and 2017. A similar
decrease was seen in whole blood and apheresis plasma collections, although apheresis
collections fell more sharply than whole blood collections of plasma (46.3% and 13.0%,
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respectively). The number of jumbo sized FFP also fell slightly from 65,000 in 2015 to
48,000 (95% CI, 15,000-82,000) in 2017. A far smaller proportion of plasma came from
plasma frozen within 24 hours after collection and held at room temperature up to 24 hours
after collection (PF24RT24) (169,000 units; 95% CI, 95,000-244,000 units) in 2017, a slight
increase from 141,000 units in 2015. A further 83,000 (95% CI, 42,000-125,000) units of
plasma were distributed as liquid plasma, a 46.1% decrease from 154,000 units in 2015.

Table 18 shows estimates of the number of transfused plasma components from 2017 and
2015. Overall, the large decrease in plasma collections was accompanied by a similarly large
decline in the total number of transfused plasma units, which fell 12.9% from 2,727,000
units in 2015 to 2,374,000 (95% Cl, 2,262,000-2,487,000) units in 2017.5 In contrast to the
estimates for plasma collections, plasma transfusions were more evenly split between FFP
units and PF24 units. An estimated 1,021,000 (95% ClI, 907,000-1,136,000) units of FFP
units were transfused during 2017 and 1,183,000 (95% ClI, 1,071,000-1,294,000) units of
PF24 were transfused during 2017, which represents the majority of all transfused plasma
units. Estimates of FFP and PF24 transfusions were higher in 2017 than in 2015. However,
the sum of all transfused plasma product types was less than the total national estimate of
transfused plasma in 2015, indicating a limitation of the 2015 survey to accurately capture
the number of transfused plasma by plasma component type. This issue was addressed
through new phrasing of the plasma questions in the 2017 NBCUS questionnaire. Other
components comprised a smaller proportion of total plasma transfusions during 2017.
Approximately 34,000 (95% CI, 19,000-49,000) units of pediatric size FFP, 46,000 (95%
Cl, 18,000-74,000) units of jumbo-sized FFP, 39,000 (95% CI, 7,000-71,000) units of
PF24RT24 and 14,000 (95% ClI, 8,000-20,000) units of liquid plasma were transfused.

Group AB plasma and cryoprecipitate-reduced plasma estimates are also included in Tables
17 and 18. Of the 3,209,000 plasma units collected, 312,000 (95% CI, 285,000-339,000)
units were AB plasma. Of the 2,727,000 units transfused in 2017, 278,000 (95% ClI,
214,000-341,000) units were AB plasma, an increase from the 223,000 units of AB plasma
transfused during 2015. The number of cryoprecipitate-reduced plasma units collected
during 2017 remained relatively stable at 118,000 (95% CI, 39,000-196,000) units
compared to 119,000 units collected during 2015. Transfusions of cryoprecipitate-reduced
plasma represented just 22.9% of collections in 2017 (27,000 units; 95% CI, 14,000-39,000)
which is lower than the 76.5% from 2015.

Granulocyte collection and transfusion

National estimates of granulocyte units distributed and transfused for 2017, 2015, and 2013
are shown in Table 19. In 2017, collection centers reported 4062 (95% CI, 1809-6315)
granulocyte units distributed, a 49.7% increase over the 2712 (95% ClI, 1381-4045) units
estimated for 2015. The number of granulocyte units distributed in 2015 and 2013 (2877
units; 95% ClI, 651-5102 units) was virtually identical. The number of granulocyte units
transfused in 2017 was 1717 (95% CI, 1000-2433), a 29.3% decrease from 2015 estimates
(2428 units; 95% CI, 1074-3782). Blood collection centers were also asked if they used
hematopoietic growth factor mabilization for granulocyte collections in 2017. Of 145
facilities that responded to the question, 18 reported using hematopoietic growth factor
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mobilization for granulocyte collections, with 10 of these being community-based blood
centers.

Inventory, dosing, and supply considerations

Respondents at transfusing hospitals were asked about the criteria used for routine dosing of
transfusions for non-pediatric patients for plasma, prophylactic PLT, and therapeutic PLT
transfusions. Table 20 shows the percentage of facilities that use each of the dosing criteria.
The majority of facilities used dosages that varied based on the perceived level of
coagulation factor deficiency/thrombocytopenia or degree of bleeding in 2017 (66.4% for
plasma, 67.7% for prophylactic PLTs, and 70.3% for therapeutic PLTs), which was similar
to percentages reported in 2015. Weight-based dosing was more likely to be used for plasma
(5.4%) than for PLTs (1.7% for prophylactic PLTs and 1.5% for therapeutic PLTs) while
using a dose based on a standard number of units regardless of weight was more likely to be
used for PLT transfusions (11.4% for prophylactic PLTs and 11.3% for therapeutic PLTS)
than plasma (8.6%). These estimates are also similar to percentages reported in 2015.
Respondents at approximately one-fifth of facilities reported using dosage criteria other than
weight-based, standard number of units, or varied dosage based on level of coagulation
factory deficiency/thrombocytopenia or bleeding criteria (19.6% for plasma, 19.2% for
prophylactic PLTs, and 16.9% for therapeutic PLTs), which is unchanged from 2015.

Table 21 shows the percentage of RBC, whole blood-derived PLTs and apheresis PLT units
by age at time of transfusion in 2015 and 2017. Of the respondents at 2435 hospitals that
answered survey questions in the transfusion section of the 2017 survey, only 394 (16.2%)
completed the section on the age of apheresis PLT units. The majority (58.4%) of apheresis
PLT units were 4 or 5 days old at transfusion in 2017, with most of the rest being 1 to 3 days
old (39.6%). This represents a slight increase in the average age of PLT units at transfusion
over 2015, when the proportion of apheresis PLT units that were 1 to 3 days old at
transfusion (53.0%) was about the same as those that were 4 or 5 days old at transfusion
(47.0%). A new option was added to this question in 2017 to allow facilities to report
apheresis PLTs that were 6 or 7 days old at the time of transfusion. Facilities reported 2% of
apheresis PLT units for this question were 6 or 7 days old at the time of transfusion.
Respondents at a larger number of transfusing hospitals reported the age of whole blood-
derived PLTs at time of transfusion (n = 1394) than reported the age of apheresis PLTs (n =
394). However, respondents at 1379 of the 1394 hospitals that answered the question on the
age of whole blood-derived PLT transfusions reported 0 whole blood-derived PLT
transfusions so that the total number of transfused whole blood-derived PLT units reported
for this question was 8894 units compared with 220,148 transfused apheresis PLT units.
Notably, whole blood-derived PLT units tended to be older at time of transfusion than
apheresis PLTs. For whole blood-derived PLT units, 20.0% of transfused units were 1 to 3
days old, 80.0% of transfused units were 3 to 5 days old. Among the respondents at 194
facilities that reported data for RBC age at transfusion in 2017, 82.0% of transfused units
were 1 to 35 days old and 18.0% of transfused units were 36 to 42 days old. 2017 RBC
estimates are similar to those reported in 2015.
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Table 22 shows the mean percentage of group O+ and O- units processed, distributed,
transfused, and outdated. The questions regarding processing, distribution, and outdates in
blood centers was added in 2017. Respondents at blood centers reported that 32.4% of
processed RBC units were O+ in 2017 and 8.2% were O-. The percentage of group O RBC
units distributed was higher than the percentage processed: 39.8% for O+ and 11.0% for O-.
Group O+ and O- RBCs accounted for 12.5% and 5.3% of RBC outdates respectively,
showing that these units were a smaller share of outdates compared to their share of
processed units, which is consistent with their higher share of distributions. On average, O+
RBC units comprised 40.2% of all RBC transfusions and 11.2% were O—, which is very
similar to the estimates from 2015. As with blood centers, the proportion of all RBC
outdates that were group O was far lower than the proportion transfused: 16.4% for O+ and
12.5% for O—, which is also similar to 2015.

Facility respondents were asked to report the number of group O RBC units on the shelf on
an average weekday as well as the threshold at which the O+ supply is considered critically
low and the mean of the responses is shown in Table 23, by inpatient surgical operations.
Respondents at hospitals with more than 8000 surgeries per year reported a mean of 145.6
group O RBC units on shelf on an average weekday, which is slightly higher than the mean
from 2015 (135.3 group O RBC units). The mean number of group O RBC units on shelf on
an average weekday was largely unchanged from 2015 to 2017 for the five categories of
hospitals with fewer than 8000 surgeries per year. The mean number of O+ RBC units
considered critically low in hospitals with fewer than 2400 surgeries per year was unchanged
between 2015 and 2017 but showed a very slight increase among hospitals with more than
2400 surgeries per year. The mean estimate of the number of O+ RBC units at which the
supply was considered critically low as a proportion of the number of group O RBC units on
the shelf was relatively constant across inpatient surgical operations category, with larger
hospitals both carrying more group O RBC units on the shelf and having a higher critical
threshold.

Respondents at transfusing hospitals were asked if any surgeries were delayed longer than an
hour as a result of blood inventory shortages in 2017. Of the respondents at 2351 facilities
that answered this question, 140 reported experiencing such a delay and 306 replied that
they did not know.

National estimates of the number of cross-match procedures performed on whole blood and
RBCs are shown in Table 24. The estimate of the total number of cross-match procedures
performed on whole blood/RBCs was 15,747 (95% Cl, 15,136-16,358) in 2017, a slight
reduction from the 16,625 procedures reported in 2015 that is consistent with the overall
reduction in blood use. The percentage of cross-match procedure performed electronically
increased from 40.8% in 2015 to 47.6% in 2017 while manual serologic procedures
decreased from 53.8% in 2015 to 48.6% in 2017. The remaining 4.6% are being cross-
matched by automated serologic methods.

Table 25 shows the number of whole blood and RBC units and the number of apheresis PLT
units that were irradiated in 2015 and 2017. The percentage of whole blood and RBCs that
were irradiated using any method was largely unchanged from 15.8% in 2015 to 16.0% in
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2017 (1,703,000 units in 2017; 95% Cl, 1,488,000-1,919,000). In 2017, facilities were also
asked to report the number of units irradiated using X-Ray or cesium. Of the 1,703,000
whole blood and RBC units irradiated in 2017, 1,235,000 units (95% CI, 1,033,000—
1,437,000), or 72.5%, were irradiated using cesium and 468,000 units (95% CI, 382,000—
555,000), or 27.5%, were irradiated using X-rays. There was a decrease in the percentage of
apheresis PLTs that were irradiated by any method from 58.0% (1,049,000 units) in 2015 to
52.5% (970,000 units; 95% ClI, 841,000-1,100,000) in 2017. Of the 970,000 apheresis PLT
units irradiated in 2017, 705,000 units (95% CI, 587,000-823,000), or 72.6%, were
irradiated using cesium and 266,000 units (95% CI, 207,000-324,000), or 27.4%, were
irradiated using X-rays.

Pediatric transfusions

In the 2017 NBCUS, respondents at 938 of 2435 hospitals (38.5%) reported that their
hospitals transfuse blood to pediatric or neonatal patients. Table 26 shows the number of
adult-equivalent units used in whole or in part for pediatric and neonatal patients as well as
the number of pediatric or neonatal recipients. The number of whole blood and RBC units
transfused to pediatric or neonatal patients increased by 9.2% from 346,000 units in 2015 to
378,000 (95% Cl, 274,000-482,000) units in 2017. When the matched percentage difference
for facilities that responded in both 2015 and 2017 is used, this increase is slightly less at
7.7%. There was a corresponding increase in the number of pediatric and neonatal recipients
from 80,000 recipients in 2015 to 92,000 (95% Cl, 74,000-111,000) recipients in 2017.
Almost two-thirds (240,000 units; 95% CI, 147,000-333,000) of whole blood or RBC units
were transfused to pediatric patients (e.g., aged >4 months), with the other third (141,000
units; 95% ClI, 116,000-166,000) transfused to neonates (e.g., aged <4 months). However,
the number of recipients was similar between pediatric (44,000 recipients; 95% ClI, 32,000-
57,000) and neonatal (48,000 recipients; 95% ClI, 37,000-59,000) age groups.

An estimated 90,000 (95% CI, 70,000-109,000) apheresis PLT units were transfused to
pediatric and neonatal patients in 2017, a 45.5% decrease from the 2015 estimate. However,
among 164 facilities that reported transfusing apheresis PLTs to pediatric and neonatal
patients in both 2015 and 2017, the matched mean difference showed an increase of 13.6%.
Pediatric and neonatal apheresis PLT recipients decreased from 80,000 in 2015 to 24,000
(95% Cl, 18,000-29,000) in 2017. In 2017, slightly more apheresis PLT units were used by
pediatric patients (49,000 units; 95% CI, 34,000-64,000) than were used by neonatal
patients (41,000 units; 95% CI, 31,000-51,000), but the number of recipients was similar
between pediatric (12,000 recipients; 95% CI, 8000-16,000) and neonatal (12,000
recipients; 95% CI, 8000-15,000) age groups.

There were 76,000 (95% Cl, 55,000-97,000) plasma units transfused to pediatric and
neonatal patients in 2017, a slight decrease over the 2015 estimate of 74,000 plasma units.
Based on 148 facilities that answered in both 2015 and 2017, the mean matched percentage
increased 10.8%, but the number of recipients decreased in 2017 (16,000 recipients; 95% Cl,
13,000-20,000) compared to 2015 (29,000 recipients). Of the 76,000 plasma units that were
transfused to pediatric or neonatal patients, 63.1% (48,000 units; 95% CI, 30,000-66,000)
were transfused to pediatric patients and 36.9% (28,000 units; 95% ClI, 21,000-35,000) were
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transfused to neonates. Conversely, 37.5% (6000 recipients; 95% CI, 4000-8000) of the
plasma recipients were pediatric patients and 62.5% (10,000 recipients; 95% CI, 8000—
13,000) were neonatal recipients.

Of the respondents at 937 facilities that replied to a question on neonatal aliquot production,
523 (56%) reported using a syringe to make neonatal aliquots from full-size units, and 436
(47%) reported using pedipacks for neonatal transfusions (Table 27). Of 931 facilities
responding, 768 (82%) reported attempting to use the aliquots from the same full-size unit
for every transfusion for neonatal patients.

DISCUSSION

Donors

This analysis reports on trends in the collection and utilization of blood in the United States
up to 2017.

The decline in the number of successful blood donations has slowed, with a 2.1% decline
from 2015 to 2017 compared to an 11.9% decline from 2013 to 2015. This decline appears
to be a response to decreased demand for blood from transfusion hospitals.2 However, the
decline in the number of donations from 2015 to 2017 was only seen among donations by
donors aged <65 years and the number of donations by donors aged =65 years increased.
The greatest decline was seen among donors aged 16-18 years followed by donors aged 19—
24 years. The proportion of total donations by donors who were aged <18 years decreased
between 2015 and 2017, a reverse of the trend during 2011-2015 when this proportion was
increasing. The previous increase in donations by adolescent donors was thought to be in
response to an aging donor population and a need for younger donors.>16 The number of
source plasma collections continues to increase in the United States.17-19 In part because
over half of plasma donors are aged 18-34 years,® some concerns have been reported that
younger donors are donating plasma rather than blood because of financial compensation
with plasma donation.1719 Additionally, evidence indicates that adolescent (aged <18 years)
donors face a greater risk of iron depletion and vasovagal reactions than adult donors.20-24
Blood collection facilities might potentially be recruiting fewer adolescent donors as a result
of these concerns. The number of donors aged 15 years was added to the 2017 survey.
During 2017, only California state law allowed donations from donors aged 15 years, and
donors aged 15 years required written authorization from a physician.1® The results
presented in this report illustrate that younger donors continue to experience a greater risk of
severe donor adverse events. The rate of severe donor-related adverse events among donors
aged 18 years and younger was 0.30% (4152/1,371,000) which was higher than the rate
among donors aged 18 years and older which was 0.11% (10,462/9,730,000). Among donors
who experienced severe adverse events associated with whole blood collections, the
proportion who were aged <18 years (32.5%) was substantially higher than the proportional
of all donations by donors who were aged <18 years (12.4%).

The 2017 NBCUS indicates that the number of first-time donors continues to decrease while
the number of repeat donors increased during 2015-2017. Recruiting new donors can be
more expensive than mobilizing donations from repeat donors2® and this might reflect
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efforts by blood collection facilities to decrease recruitment costs. Additionally, younger
donors are more likely to be first-time donors than older donors,26 and the decrease in first-
time donors might reflect the decreasing proportion of younger donors in combination with a
decrease in demand for blood. Although concerns exist about the elderly donating blood
with the World Health Organization’s blood donor selection guidelines recommending a
usual upper age limit for blood donation of 65 years,2 evidence supports the safety and
quality of blood donation by donors aged >65 years.2” Donors aged >65 years experience
donation-associated adverse events and decreased iron stores less frequently than adolescent
donors17:27.28 and evidence suggests elderly donors do not experience declines in physical
fitness after donation.2?

Several changes were evident among donor deferrals. Donor deferral reporting was stratified
by sex for the first time in 2017. Women were more likely to be deferred than men, mostly
because of low hemoglobin/hematocrit, and to a lesser extent because of pulse and/or blood
pressure, other medical reasons, tattoo/piercing, and other reasons. Women are more likely
to be deferred than men for low hemoglobin because premenopausal women have a greater
risk of lower baseline iron stores associated with menstruation compared to men.22 Women
also might be more likely to be deferred because women may be more likely than men to
experience low blood pressure events,3% women >60 years of age have been reported to have
a high prevalence of hypertension,31 and women more frequently obtain body piercings.32
Fewer men were deferred because of sex with other men in 2017 compared to 2015, possibly
because MSM donor deferral criteria was changed from a lifetime deferral to 12-months
from most recent sexual contact in 2016.33 MSM deferrals decreased by 25.8%, but this
resulted in only 2000 fewer deferred donors between 2015 and 2017, suggesting a minimal
impact on the total number of donations. Although, since 2016, donors who have undergone
tattooing within the most recent 12 months have been able to donate blood if the tattoo was
applied by a state-regulated entity with sterile needles and non-reused ink33 tattoo deferrals
increased by 25.1% between 2015 and 2017. This might be attributable to an increase in the
prevalence of tattoos among the general population.3*

The total number of deferrals increased 35% from 2015 to 2017. This increase is likely
partially explained by the 2016 change in donor eligibility criteria. Minimum hemoglobin
levels for male donors increased from 12.5 to 13.0 g/dL and definitions for eligible pulse and
blood pressure were established.3® Additionally, per new recommendations, for donors with
pulse or blood pressure outside the acceptable ranges, a physician must evaluate the donor
prior to donation. Total deferrals for low hemoglobin increased by 14% (trends by sex are
not possible because 2015 data was not stratified by sex). Deferrals because of pulse and/or
blood pressure were not specified in the 2015 NBCUS reporting and were likely reported as
deferrals grouped as “other medical reasons.” Deferrals because of other medical reasons
increased from 504,000 in 2015 to 523,000 in 2017. However, if deferrals because of pulse
and/or blood pressure are combined with deferrals because of “other medical reasons,” the
2017 total is 811,000, a 61% increase. This increase is unlikely to be explained just by
increases in deferrals because of pulse and/or blood pressure; a previous study of four blood
centers reported only a 0.2% increase in deferrals because of an abnormal pulse and 0.2%
increase in deferrals because of an abnormal blood pressure after implementation of the
updated donor eligibility regulations.3® The NBCUS does not ask the specific reasons for

Transfusion. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sapiano et al.

Page 19

deferrals because of “other, non-medical reasons”, so the causes of the increase in this
category from 2015 to 2017 are unknown. The reasons for the increase in total reported
deferrals are unclear, but trends in deferrals will be followed in future surveys.

The United States is becoming more racially and ethnically diverse, with 39.6% of the
population identifying as non-white or of Hispanic ethnicity in 2018.36 However, 18.2% of
donations were from minority donors. Persons with the same race and ethnicity are more
likely to have the same major and minor blood antigens and transfusing blood to recipients
from donors with the same race and ethnicity can reduce the risk of complications related to
mismatched antigens.3” For example, persons with sickle cell disease can require frequent
transfusions and are at a high risk of developing alloantibodies; recruiting donors from
racially diverse populations for blood antigen matching can reduce the risk of
alloimmunization.38-40 New thresholds which have increased the minimum Hgb for male
donors may have resulted in more deferrals of black males compared to other races, likely
because healthy black males have been reported to have lower Hgb level than white males.
25,3541 strategic planning tools to increase African-American blood donation are available,
37 but additional studies to determine effective methods to increase donations among
minorities are needed.*2

Cost and mergers

Inventory

Prices paid for blood components continued to decrease from 2015 to 2017, although at a
slower rate compared to prior survey years. The declines in price paid were mostly
experienced by larger facilities. Respondents at smaller facilities reported a slight increase in
the cost of components. Infectious disease testing (e.g., Zika, Babesia), product
modifications (e.g., PRT), and other safety enhancements (e.g., RBC genotyping) can result
in an increase in the cost to produce blood components; however, additional blood donor
testing requirements did not result in an increase in the cost of blood products paid by
hospitals.’10:4344 The decrease in price paid per unit coupled with increased production
costs and decreased demand for blood products? likely continues to place a strain on the
finances of blood collection facilities and may be a factor contributing to mergers of blood
collection centers.2 This financial strain and negative margins might have prompted many
hospitals to cease blood collection operations.?

Among transfused RBCs, the proportion that are group O has increased. Although overall
blood use is decreasing, this increased proportion could result in shortages, particularly for
group O Rh(D)-negative blood. Other countries have described similar trends.4°:46
Recommendations for blood collection centers and transfusion services have been published
to reduce the use of group O Rh(D)-negative RBCs (Group 0*7). Group O Rh(D)-negative
blood use could be reduced by an estimated 44.5% by transfusing only age and sex groups at
the highest risk of D aolloimmunization.*®

Similarly, although the quantity of transfused plasma continues to decrease, the proportion
that is group AB increased. This observation has also been reported in other countries.*8 The
proportional increase might be attributable to massive transfusion protocols which require an
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available reserve supply of thawed plasma, which is often group AB plasma reserved for
potential recipients with unknown ABO type.48

During 2017, the majority of PLT units were transfused 4-5 days after collection. This
contrasts with 2015, when the majority of PLT units were transfused <3 days after
collection. This increase in the proportion of PLT units transfused 4-5 days after collection
was not associated with the number of reported transfusion-transmitted bacterial infections.
Fewer transfusion-transmitted bacterial infections were reported in the 2017 NBCUS
compared to the 2015 NBCUS.3 Changes in the age of transfused PLT units might be
associated with changes in testing for bacterial contamination of PLTs. PLT units can be
stored beyond 5 days if additional safety testing is performed® but, during 2017, only 2% of
transfused apheresis PLTs were transfused 67 days after collection. This proportion might
increase if additional safety measures are implemented to extend PLT shelf life.50

While the response rates for the 2017 survey are high, many of the non-required questions
(i.e., respondents could submit the survey without answering these questions) included in
this report had response rates that were lower than the overall response rate. Weighting and
imputation were used to produce national estimates for a number of questions but have
inaccuracies reflected by the confidence intervals provided. The accuracy of the survey
results is reliant on the sampling frame. The sampling frame of hospitals was based on the
AHA annual survey database from 2015. Although efforts were made to verify the accuracy
of this database for 2017 (e.g., verifying hospitals on the database were still in operation),
sampling frame inaccuracies remain a possibility, including misclassification of hospitals
based on 2015 inpatient surgical operations estimates. Data are self-reported by respondents
at participating facilities and were not verified. Because 2015 transfusion estimates of
plasma products (e.g., FFP, PF24) were likely underreported and inconsistent with the 2015
transfusion estimate of all plasma in 2015, specific plasma product transfusion trends from
2015 to 2017 might be inaccurate. Respondents at some facilities reported the cost of pooled
whole blood-derived PLTs and cryoprecipitate units rather than the cost of individual units
and some facilities reported the total spent on blood components rather than the cost per
unit. The threshold approach used to remove these values is approximate and the cost
estimates for whole blood-derived PLTs and cryoprecipitate may be less accurate than the
estimates for the other component types. Additional limitations of the NBCUS are
mentioned elsewhere.?

CONCLUSION

The 2017 NBCUS illustrates continued change in blood collection and utilization in the
United States. Hospitals continue to pay less for blood even though implementation of
additional safety measures has likely resulted in an increased cost to produce blood. The
donor population is changing, possibly as a result of increased awareness of the risks
associated with young donors and changes in donor eligibility policies. While overall
transfusions of RBCs and plasma have continued to decrease, use of group O Rh(D)-
negative blood and AB plasma is proportionally increasing. Monitoring changes in blood
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collection and transfusion policies and practices is important to ensure blood safety and
availability.

REFERENCES

1.

10

11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

Klein HG, Hrouda JC, Epstein JS. Crisis in the Sustainability of the U.S. Blood System. N Engl J
Med 2018;378:305-6.

. Jones JM, Sapiano MRP, Savinkina AA, Haass KA, Ba er ML, Henry RA, Berger JJ, Basavaraju SV.

Slowing in decline in blood collection and transfusion in the United States - 2017. Transfusion
2020;60(Suppl 2):S1-S9.

. Savinkina AA, Haass KA, Sapiano MRP, et al. Transfusion-associated adverse events and

implementation of blood safety measures - findings from the 2017 National Blood and Utilization
Survey. Transfusion 2020;60(Suppl 2):S10-S16.

. Chung KW, Basavaraju SV, Mu Y, et al. Declining blood collection and utilization in the United

States. Transfusion 2016;56: 2184-92. [PubMed: 27174734]

. Sapiano MRP, Savinkina AA, Ellingson KD, et al. Supplemental findings from the National Blood

Collection and Utilization Surveys, 2013 and 2015. Transfusion 2017;57(Suppl 2): 1599-624.
[PubMed: 28591471]

. Ellingson KD, Sapiano MRP, Haass KA, et al. Continued decline in blood collection and transfusion

in the United States-2015. Transfusion 2017;57(Suppl 2):1588-98. [PubMed: 28591469]

. Ellingson KD, Sapiano MRP, Haass KA, et al. Cost projections for implementation of safety

interventions to prevent transfusion-transmitted Zika virus infection in the United States.
Transfusion 2017;57(Suppl 2):1625-33. [PubMed: 28591470]

. Food and Drug Administration. Biologics Establishment Registration; 2018 [monograph on the

internet]. [cited 2019 Aug 2]. Available from: https://www.fda.gov/vaccines-blood-biologics/
guidance-compliance-regulatory-information-biologics/biologics-establishment-registration.

. American Hospital Association. American Hospital Association Annual Survey; 2019 [monograph

on the internet]. [cited 2019 Aug 2]. Available from: https://ahasurvey.org/taker/asindex.do

. Savinkina A, Sapiano MRP, Berger J, et al. Is surgical volume still the most accurate indicator of
blood usage in the United States? Transfusion 2019;59:1125-31. [PubMed: 30740714]

Rubin DB. Multiple imputation for nonresponse in surveys. New York, NY: Wiley; 1987.

He Y, Raghunathan TE. Tukey’s gh distribution for multiple imputation. Am Stat 2006;60:251-6.
Pigott TD. A review of methods for missing data. Educ Res Eval 2001;7:353-83.

Woodruff RS. A simple method for approximating the variance of a complicated estimate. J Am
Stat Assoc 1971,66:411-4.

Department of Health and Human Services. Regional Offices; [monograph on the internet] 2019
[cited 2019 Aug 02]. Available from:https://www.hhs.gov/about/agencies/iea/regional-offices/
index.html.

Zou S, Musavi F, Notari IVEP, et al. Changing age distribution of the blood donor population in the
United States. Transfusion 2008;48:251-7. [PubMed: 18005327]

Goldman M, Germain M, Gregoire Y, et al. Safety of blood donation by individuals over age 70
and their contribution to the blood supply in five developed countries: a BEST Collaborative group
study. Transfusion 2019;59:1267-72. [PubMed: 30609060]

Abstract Presentations from the AABB Annual Meeting; San Diego, CA. October 7-10, 2017;
2017. 3A-264A.

Eder AF, Klein HG, Conry-Cantilena C. Inform parents, protect high school blood donors. JAMA
Pediatr 2017;171:409-10. [PubMed: 28288255]

Eder AF, Crowder LA, Steele WR. Teenage blood donation: demographic trends, adverse reactions
and iron balance. Vox Sang 2017;12:395-400.

Eder AF, Hillyer CD, Dy BA, et al. Adverse reactions to allogeneic whole blood donation by 16-
and 17-year-olds. JAMA 2008;299:2279-86. [PubMed: 18492969]

Transfusion. Author manuscript; available in PMC 2021 March 01.


https://www.fda.gov/vaccines-blood-biologics/guidance-compliance-regulatory-information-biologics/biologics-establishment-registration
https://www.fda.gov/vaccines-blood-biologics/guidance-compliance-regulatory-information-biologics/biologics-establishment-registration
https://ahasurvey.org/taker/asindex.do
https://www.hhs.gov/about/agencies/iea/regional-offices/index.html
https://www.hhs.gov/about/agencies/iea/regional-offices/index.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sapiano et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 22

Patel EU, White JL, Bloch EM, et al. Association of blood donation with iron deficiency among
adolescent and adult females in the United States: a nationally representative study. Transfusion
2019;59:1723-33. [PubMed: 30779173]

Tan HH, Alcantara RM. What are the special issues for young donors? Vox Sang 2018;13:206—12.
Spencer BR, Bialkowski W, Creel DV, et al. Elevated risk for iron depletion in high-school age
blood donors. Transfusion 2019;59:1706-16. [PubMed: 30633813]

Chamla JH, Leland LS, Walsh K. Eliciting repeat blood donations: tell early career donors why
their blood type is special and more will give again. Vox Sang 2006;90:302—7. [PubMed:
16635073]

Schreiber GB, Sharma UK, Wright DJ, et al. First year donation patterns predict long-term
commitment for first-time donors. Vox Sang 2005;88:114-21. [PubMed: 15720609]

Davison TE, Masser BM, Thorpe R. Growing evidence supports healthy older people continuing to
donate blood into later life. Transfusion 2019;59:1166—70. [PubMed: 30950092]

Shehata N, Kusano R, Hannach B, et al. Reaction rates in allogeneic donors. Transfus Med
2004;14:327-33. [PubMed: 15500451]

Janetzko K, Bocher R, Klotz KF, et al. Effects of blood donation on the physical fitness and
hemorheology of healthy elderly donors. Vox Sang 1998;75:7-11. [PubMed: 9745147]

Owens PE, Lyons SP, O’Brien ET. Arterial hypotension: prevalence of low blood pressure in the
general population using ambulatory blood pressure monitoring. J Hum Hypertens 2000; 14:243—
7. [PubMed: 10805049]

Fryar CD, Ostchega Y, Hales CM, et al. Hypertension prevalence and control among adults: United
States, 2015-2016. Hyattsville, MD: National Center for Health Statistics; 2017.

Laumann AE, Derick AJ. Tattoos and body piercings in the United States: a national data set. J Am
Acad Dermatol 2006; 55:413-21. [PubMed: 16908345]

Abstract Presentations from the AABB Annual Meeting; San Diego, CA. October 7-10, 2017; 3A—
264A.

Breuner CC, Levine DA, the Committee On Adolescence. Adolescent and Young Adult Tattooing,
Piercing, and Scarification. Pediatrics 2017;140:620163494.

Perez GE, Gammon RR, Whitaker Bl, et al. Impact of changes to donor hemoglobin criteria on the
rate of donor deferral. Transfusion 2018;58:2581-8. [PubMed: 30264396]

Census Bureau. Biologics QuickFacts United States [Internet]. Washingon, DC: United States
Census Bureau [monograph on the internet]. [cited 2019 Jun 26]. Available at: https:/
www.census.gov/quickfacts/fact/table/US/IPE120217.

Singleton A, Spratling R. A strategic planning tool for increasing African American blood
donation. Health Promot Pract 2019;20:770-7. [PubMed: 29768930]

Chou ST, Evans P, Vege S, et al. RH genotype matching for transfusion support in sickle cell
disease. Blood 2018;132:1198-207. [PubMed: 30026182]

McLaughlin JF, Ballas SK. High mortality among children with sickle cell anemia and overt stroke
who discontinue blood transfusion after transition to an adult program. Transfusion 2016;56:1014—
21. [PubMed: 26593779]

Hendrickson JE, Tormey CA. Rhesus pieces: genotype matching of RBCs. Blood 2018;132:1091—
3. [PubMed: 30213839]

Mast AE, Schlumpf KS, Wright DJ, et al. Demographic correlates of low hemoglobin deferral
among prospective whole blood donors. Transfusion 2010;50:1794-802. [PubMed: 20412525]
Hibbs SP, Brunskill SJ, Donald GC, et al. Setting priorities for research in blood donation and
transfusion: outcome of the James Lind Alliance priority-setting partnership. Transfusion
2019;59:574-81. [PubMed: 30506972]

Russell WA, Stramer SL, Busch MP, et al. Screening the blood supply for zika virus in the 50 U.S.
states and Puerto Rico: a cost-effectiveness analysis. Ann Intern Med 2019;170:164-74. [PubMed:
30615781]

Ellingson KD, Kuehnert MJ. Blood safety and emerging infections: balancing risks and costs. Ann
Intern Med 2019;170: 203—-4. [PubMed: 30615782]

Transfusion. Author manuscript; available in PMC 2021 March 01.


https://www.census.gov/quickfacts/fact/table/US/IPE120217
https://www.census.gov/quickfacts/fact/table/US/IPE120217

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sapiano et al.

45.

46.

47.

48.

49.

50.

Page 23

Dunbar NM, Yazer MH, the OPTIMUS Study Investigators on behalf of the Biomedical
Excellence for Safer Transfusions (BEST) Collaborative. O—product transfusion, inventory
management, and utilization during shortage: the OPTIMUS study. Transfusion 2018;58:1348-55.
[PubMed: 29479703]

Yazer MH, Jackson B, Beckman N, et al. Changes in blood center red blood cell distributions in
the era of patient blood management: the trends for collection (TFC) study. Transfusion
2016;56:1965—-73. [PubMed: 27339776]

AABB. (2019). Association Bulletin #19-02 recommendations on the use of group O red blood
cells. Bethesda, MD Available from: http://www.aabb.org/programs/publications/bulletins/
Documents/ab19-02.pdf.

Seheult JN, Shaz B, Bravo M, et al. Changes in plasma unit distributions to hospitals over a 10-
year period. Transfusion 2018; 58:1012-20. [PubMed: 29405302]

Food and Drug Administration. Blood Products Advisory Committee meeting materials: topic I:
options to further reduce the risk of bacterial contamination in platelets for transfusion. Silver
Spring, MD: US Department of Health and Human Services, Food and Drug Administration; 2017
Available from: https://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/BloodVaccinesandOtherBiologics/
BloodProductsAdvisoryCommittee/UCM587085.pdf.

Food and Drug Administration. Bacterial risk control strategies for blood collection establishments
and transfusion services to enhance the safety and availability of platelets for transfusion. Draft
Guidance for Industry. Silver Spring, MD: US Department of Health and Human Services, Food
and Drug Administration; 2018 Available from: https://www.fda.gov/media/123448/download.

Transfusion. Author manuscript; available in PMC 2021 March 01.


http://www.aabb.org/programs/publications/bulletins/Documents/ab19-02.pdf
http://www.aabb.org/programs/publications/bulletins/Documents/ab19-02.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/BloodVaccinesandOtherBiologics/BloodProductsAdvisoryCommittee/UCM587085.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/BloodVaccinesandOtherBiologics/BloodProductsAdvisoryCommittee/UCM587085.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/BloodVaccinesandOtherBiologics/BloodProductsAdvisoryCommittee/UCM587085.pdf
https://www.fda.gov/media/123448/download.

Page 24

Sapiano et al.

‘(Arenuue suorresado [ea1buns Jusnedul 66£Z—001T) € A10631D awn|oA [e2161NSs JO %%t°'88 pue ‘(Ajjenuue suoiresado
1e216.ns wairedul 66£T—-000T) 2 A106318D awnjoA [2a161NSs JO 9498 ‘(Ajfenuue suonelado [eaibins Juairedul 000T—666) T A106318D aWN|oA [ea16INS JO 949°ZE JO ajdwies e papnjoul ASAINS G00Z 9Y.L

‘(Ajrenuue suonesado

[ea1Buns uanedul 66E£T—000T) g A106a1eD awnjoA [2a16INS JO 9499 pue (Ajjenuue suoielado [ea1buns Juairedul 000T-666) T A106318D awnjoA [ea16ins J0 94EE J0 adwes e papnjoul AsAIns /002 wc.{

‘(Alrenuue suonyesado [eaifuns yuanedul 000T—666) T A106a1eD awNjoA [2216INS JO 94EE 40 ajdwes e papnjoul ASAINS 6002 m;._.\\
"pajduues Jou a1am asay} pue ‘sje)dsoy GTEE JO 0T J0) d|ge[ieA_UN SeM UOITeWIO)UI 1.0 Ing ‘Buljdwres asn Jou pIp AaAIns £T0Z E._.%

'srendsoy (Ajjenuue suonelado [ea1bins Juanedul 666—-00T) T A106a1eD awinjoA [ea16INns JO 9401 40 ajdwes e papnjaul SABAINS 2 T0OZ PUe ‘STOZ ‘TT0Z oc._.u

*SI8JUBD UOI198]|02 Pased-[endsoy 4o Jsgquinu anbiun ayy 1odal Jou pIp TTOZ 240480 PaIoNpuod @QE:MN

‘T10C
01 G00Z 10} 8]e[IRAR 10U SBA SI3)UBD UOII08]00 BuIpuodsas [enpIAIpUI JO JBQLINN JUNOD AN|IOR) |E10) J1IBY) Ul SISIUSD UOIID8]|02 JO S181usaqns [euoifial papnjoul (TT0Z-5002) 99VV Aq pe1onpuod sAeaing
;

. (L962/5€1T) 96585 ;(8862/5€8T) %v'T9 | (GOTE/SGOT) %e'es  ,(TTEE/ELVT) G vy (6vSe/eceT) S ve . (viTe/etes) %evL  ,(020€/8852) %L 'G8 a1e asuodsal [[e19n0

., (5282/709T) %8'95 \mw%gozvgm.mm \\aamammcc\cm.ﬁm &m:m\wvmc %ETY %Gomm:o:v %E'EE Hamwm\wﬂmvﬁaﬁ N@qmm\mmquv %S'G8 (poojq Buiziynn) spendson

4N 4N 49N 4N (€ST/€9) %T TV (zv1/20T) %8'TL (80T/26) %2'G8  S191U3d UOND3||00 paseq-|endsoH

. ) . . SI9juad

(L ZVT/TET) %ET6 (,0v1/82T) %16 (L SET/92T) %EE6 (L 9ET/TET) %E'96 (16/6S) %849 (08/22) %0°06 (S9/19) %8'€6 U0193]]09 Paseg-ANUNWWOD
5002 1002 6002 1102 €102 ST0Z 1702 adfy Anjioeq

LT0Z 0} G00Z ‘SNOEN 3y} 0} sajes asuodsay
‘T31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2021 March 01.

in

available

1

Transfusion. Author manuscript



Page 25

Sapiano et al.

lviSC  TES  lWwE €Y vhISE  S6L Jeak sad sa11aBuns aJow 10 0008 paseq-[endsoH
€6/€€  G'GE €819  GEL  Sh6E L'98 TeaA sad s311e6Ins 666/-000T paseq-|endsoH
€T/S G'8e ZT/L €85  6T/8T L6 Jeak Jad sa1186ns OOT Ueyp s8] paseq-[endsoH
vy 000T /S 000 €€ 0001 JeaA Jad su01393|100 DY 810w 10 000'007 paseq-Anunwiwon
Lg 62y /e 0'6L 9/9  000T  Jeak.ad suonos||09 09y 000'66€-000'002 paseq-Auunwwod
Te/€2  T¥. el T8  92UST T96 Teak 1ad U031 109 DFY 000°66T-000°05 paseq-Anunwiwon
16/6 695 O/  G¢6  0E/LZ 006 JeaA Jad sU01R23|100 DG 000°0G UBL SS87] paseq-Anunwiwon
N/U JU82J3d N/U U243 N/u 1U3243d eleas adA} 491u89 U093 10D
€102 102 1102

/T0Z 01 £T0Z ‘suoneiado [ea1fins Juanedul fenuue pue suoindajjod DGy 10 8WN|OA [enuue Ag paiiifes sailljioe) UoIoa||0d Jo) sajel asuodsay

Author Manuscript

c

31avL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 26

Sapiano et al.

Author Manuscript

‘pajdwes Jou a1am asay) pue ‘sjendsoy GTEE 40 0T9 404 9|ge|reAeun Sem UOIBWLIOUI 1981U09 Ing ‘Buljdwes asn Jou pip A8AINS €T0Z aYL
¥

¢ee/L8 §'lE Leefelt 8'GL 6T¢/C6T L'/8 sa14afins aiow 10 0008
TT€/L6 ¢1e 66¢/5¢¢ €6L ¢8¢/15¢ 0'68 sa1Iabins 666.-0005
§9//6T¢ 9'8¢ LCLILYS [Ac7A TCL/ITT9 L'v8 sa11a61ns 6665-0072
L9S/SST €lc G.8/9TY €cL 889/70S LG8 so1abIns 66EZ—00YT
90v/LTT 8'8¢ T6€/€8¢ vl Y0v/cSe T'/8 saIabins 66ET-000T
¥E9T/9¢v T9¢ €19/56¥ 9€L €€9/5¢S 6'¢8 sa11ab1ns 666-00T
N/U FIERIER] N/U 1Ud243d N/U 1Ud2J43d  Auobiayeds awnjon [eaibing
«£102 G102 1102

/T0Z 01 £T0Z ‘suonelado [eaifuns juanedul [enuue Aq paiyiens SNOGN 3yl 01 Sanijioe) uoisnjsuel) 1o} sajed asuodsey

‘€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 27

Sapiano et al.

‘pajdwies Jou al1am asay} pue ‘sjeidsoy GTEE 40 0T 104 d|gR[IeARUN SBM UOIRWIOUI 198IU0D Ing ‘Burjdwes asn Jou pip AsAIns £T0Z YL
¥

GI6E/TOTT  T1'8c  268¢/8ETe  6'€L  LvBT/SEve 68 suoiBai |1V
69T/07 L'€e €21/€6 96, 02T/20T 0'G8 (VM "dO ‘al V) 0T
YIZTT T'GC 09€/7€T 0'59 €6€/282 6'6L (AN ‘IH 'V0 ‘2v) 6
06T/8€E 002 0CT/16 8'sL 0TT/L6 288 (AM ‘LN ‘as ‘anN ‘LN ‘00) 8
29z/0L L9z 99T/8TT TTL T9T/SVT T°06 (3N 'O ‘'SH V1) L
L1G/28T GTE 007/182 €0L 66€/9T€ 6L (XL "0 ‘AN 'V 'dV) 9
9vLIT02 6'9¢ 125107 A 0TS/LEY 1’68 (IM "HO ‘NI ‘IINL‘NIET1) §
L11]16T 7'Se 085/9€ A7 785/96% 678  (NL'DS'ON ‘SN ‘AM 'V 14 IV) ¥
LEEVTT 8'€e 6.2/6T2 G'8L 1121252 0’16 (AM ‘WA ‘Vd ‘N '3a '0Q) €
vee/LL 6'¢e G0Z/S9T G508 102/68T €16 (AN‘IN) 2
LIT/OL G'6e TETIV6 L 9CT/6TT 776 (LA ‘14 'HN '3N 'VIN ‘L) T

N/u pIVERIER] N/u BVERIER] N/u JIVERIER| uoifal SHd
LE10C 102 1702

/702 01 €10 ‘UoiBal SHd Ag pauyiiens SNOEN au) 01 sani|19e) Buisnysues Joy sejel asuodsay
¥ 319vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 28

Sapiano et al.

Ssys1 asayy AJ1uspl 01 papusiul suonsanb Jo sajduwiex3 ‘sasniiA snieday pue AJH BuIpn|oul Saseasip SNOIOBUI JO UOISSILUSURI) JO S1I 8Ul 89NPaJ 0} PapUaIUI S[e.Iajap apN[oul S|eLIaap JoiAeyag Ysu-ybi

"SaJeLLNSd LTOZ PUE ETOZ 3Y) YN JUSISISUOD 30| 0} 313y PalaaLiod sI pue s|eLiajap [e1o) Papnjaxa ¢GTOZ Ut areuop o} Bunuasaid feloL

/]

"pIJOM B3 JO UOIB3I D14199dS © 0} [9ARL) 10} S|LLIBSEP BJB S[RI9)op [N

/

'suonsanb asn Bnip uonoalul [earpaw-uou pue ([INSIA] UsW Yim Xas aAey OYM UaW) 19BIU0D [BNXas ale

H

§

*Jouop poojq e aq 01 uosiad e Ayienb jou op reyl swoldwAs Jo suonipuod jeaisAyd yum Bunussaid
10 ‘s3UI29eA pasuadIfun {(91gH) ulingo|o aunww| g sniredsH ‘spuelb Asejin)id uewny woJj suowioy yimoih ‘Isi| [e11a48p UOIRIIPAW dY} UO SUOIIBIIPaW JO 8sn 8y} apn|aul Aew SUOSeal [edlpaw Jaylo

't

"uoIyeUOp Poo|q 104 siuswalINbal [aAs] ulgojBowsay Poojq a4 JUSLIND 3y 133W 10U OP Yey) 3s0y) Papn|aul uigojBoway Mo| 10} paiiayep siouoq

i

's10uop snofojoine pue pajosBIIp SaPN|IXT
*

sy (06'7T-ZET'ET) 8T0'YT 6169 660. ajeuop 0} Bunuasaid [ejoL

9881 (91L2-€1€7) ¥¥5T €891 298 S[el1ajep [ejoL
7’18 88 8Tl 991 (8e€-v92) T0€ 9.1 szT SUOSe8) [eAIPBLU-UOU J8YI0
1'se 9 v'e 6v (29-69) 19 A7 6T Burouaidjoopel
L0 9 S elt (vzT-€0T) Y11 8S 98 1onEL
92 60 80 91 (€2-81) 0C 6 1 SI01ABYS] J3yJ0 |[e ‘Iotneyaq Xsti-ybiH
8'Gz- 7’0 20 8 (299 0 9 /U0 SN Jo1neyaa isti-ybiH
e PR TR 4 0S (e09-2vv) €28 6T¢ €02 #SUOSERI [RIPALLIBYIO
eI (51e-T92) 882 ST vET ainssaid poojq Jojpue as|nd
1€ 62 ze v (c9-6v) 95 8¢ 8¢ asn Bnup uonduosaid
g LTS5 8y 5.6 (6/TT-TS0T) GTIT 206 802 /Hooreway/ugojboway Mo

S[eulajap Jouoq

GT0z-/T0Z 9BuBY2 9%  GTOZ [T0Z  STOZ ‘reoL (12 %56) [e1oL ssjewsd  s9lelN

S[el4ayap [101 JO 9%

L10¢

Author Manuscript

, (spuesnouyy u1 passaidxa) 2T0Z ‘SeyelS palun 8y} Ul S[eia)ap pue SIouop JO Jaquinu pajewiis3

‘S 319Vl

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2021 March 01.

in

available

1

Transfusion. Author manuscript



Page 29

Sapiano et al.

Author Manuscript

‘slouop m:Omo_OSm pue pa3dalIp s8pnjox3
¥

TZ- 66€'TT  (6Y9'TT-€SS'0T) TOT'TT SUOIJRUOP |NyS$3I0NS [el0L
4} (zevz—509T) 8102 suolyeuop Ayoulin
7T VA 7T T07T (SzL1-T8YT) €09T 13p|0 Jo G9
v'e- €'€9 T'€9 281L (T6£2-0€99) 0TOL ¥9-5¢
9'6- 60T 10T 9T (€6TT-T¥OT) LTTT 26T
€07~ 7€l €T 25T (e5v1-922T) G9ET 81-9T
vy (Sz5-09v) €6 81
€5 (ov9-z€s) 985 LT
9 (91€-952) 982 9T
10 (61-0) 9 GT
(sJeak) abe ouop Aq suoireuoq
GT0Z-LT0Z 9bueyd 9%  GT0T 1102 GT0Z (10 %56) L102

SuOoIyeuUOp |10} JO %

.. (spuesnouy u1 passaidxa) /T0Z pue GTOZ ‘serels pauun 8y ur adA) pue sbe Jouop Ag paiyirens suoneuoq

‘9 319vl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 30

Sapiano et al.

Author Manuscript

'pa128]109 A|NySS39NS 819M S1oNPoId POO|g YOIYM WOIY SI0UOP S3pNjaul AJUQ ‘siouop snofiojoine pue paloalip sepnjox3
v

VLT
0'6¢
9'9-

2189  (97¥8-1¥S.) 966.

v'19 0¥,  68Gy (90£9-9€GS) TZ6S
92¢ 09z  €zez  (002Z-TS6T) 9202

. SIouop [enpiAipul [el0L

o1auaboy|e ‘readay

213uabo] e ‘o 15114

GT0Z-L10Z 8bueyd 95

ST02 110z G102 (1D %S6) LT02

$10UOP [€10] JO %% sanI[Ioey ||V

, (spuesnouy u1 passaidxs) /T0OZ PUe GTOZ ‘SeyelS Palun 8y} Ul SI0UOp Poojd JO JaquinN

'L 319vlL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 31

Sapiano et al.

Author Manuscript

'sOgy sisalayde pue ‘sOgyY PaALIBP—PO0|q 8]OYM ‘PO0|] 8|OYM SBPN|oUI BJRLIISS POO|] 8]0YM/SOaY
¥

0L

S
9¢ 99 S¢
€¢ 0¢ 6

(0z1-5€8) LL

(9v-0) T2
(08-¢€) 95 (T9-sT) 8¢
(ev-T7) 22 (sv-) sz

SN pajoauIp [eloL
$171d papaia
. 8M/sOgY peloaing

gm/s0gy snobojoiny

x

waidioad sad spun suun - swusidivey

wisidioar sad smun - (12 %56) sHUN (10 %G6) stuardioey

§10¢

L10¢

pasnysue.y Jusuodwo)

(spuesnou ul passaidxa) /T0Z pue GTOZ ‘SalelS Palun 8yl Ul suoisnjsues) padalip pue snobojoiny

‘8319vL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 32

Sapiano et al.

'G0°0 > d YU LTOZ PUB GTOZ USIMIAQ 30URIAYIP JUBIIUBIS
e

0 0 (95€T1) 95 €5 19-€7  (690T) 0§ S 19-¢v  (T911) 0§ uun yoes ‘eyendioaidohiy
0 z- (68€T) 25 S 0967  (9L€T) 2§ S 09-¢7  (9191) 0§ (724d) UoITRUOD JO SINOY 177 PUB § USIMISY UDZ0N4 BLISEd
0 €= (z901) ¥§ LS v9-Gv  (SS0T) ¥S 1S 09-¢v  (VETT) TG dd4d
X8 9- (8997) ¥2& 0§ 695-G6v  (6S9T) €2 2eS 095067  (€26T) LTS P3INpPaIoNN3| ‘s11d Sisalaydy
9 €- (tot) g6 08 G6-19 (89) G2 G8 G6-€9 (81 2L pajelpe.ll JoU ‘padNpaIoNNa| Jou ‘NuN Yoes ‘s | Td PAALISP—POO|] 8JoU
€ - (¢92) voT v0z czz-S8T  (6S2) vOT L0z vTz—¥8T  (86T) 00T PpadnpaJoNa|uou ‘sOgY
z- - (0g91) T2 6Tz Lez-16T  (BT9T) TTC €Tz €2¢-96T  (9¥6T) L0Z PpaoNpaIoXdN3| ‘sOgY

uesN ueIpaN (N) uelpaw [euiblio  uesIN 01 (N) uelpay  uesy d0I (N) uelpaiN jusuodwod
($) GT0Z - LT0T ‘9oustayid ($) gTOZ ‘pred yunowy ($) L102 ‘pred yunowy

/TOZ pue GTOZ ‘se1els pallun ay) ul speidsoy Aq papiodal se (saejjop *S'N ut) 1un 1onpoJid poojq Jad pred Junowe Jejjop ueaw pue UeIpa

Author Manuscript

‘6 3719Vl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 33

Sapiano et al.

0- - 1 16 G5 05 01T 66€T - 000T

1 T LS el 85 6§ 243 666—00T uun yoes ‘syendidaidohiy

- z- 15 Ly 05 14 LyT 0008

0 - 0S (4 0S5 8y G6T 666.-000S

- - €S 18 pas 0S gey 666v-007C

- 0 S 0S5 S 05 Gze 66€2—00VT

z- - i G5 G5 15 8¢ 66€T—-000T

€ 0 29 85 G9 85 9.2 666—00T (¥2-4d) UoIRUOD JO SINOY 1z PUE § UBIMISQ UDZOL4 BUISEd

z- z- rass Ly 05 14 GetT 0008

€ - 18 0S5 S 6v 16T 666.-000S

- - el €S S 05 0€€ 666v-007C

z - 95 S LS 15 44 66€2—00vT

G- - €9 LS 85 S 16T 66€T—-000T

L 0 G9 09 2L 09 SyT 666-00T ddd

- z- 0TS 0TS 905 605 9T 0008

4 ST- 905 025 116 905 0z 666.-000S

21— 01- s 025 €15 0TS G1§ 6667-007C

z1- 9- GES G25 €25 6TS 68¢ 66€2-007T

z1- L- GES G258 €25 81S 88¢ 66€T—-000T

- 0 0SS oS 65 oS 1€ 666—00T paoNpaIoxna] ‘s 11d sisasaydy

z- e- 60T 902 L0T €0z €97 0008

- G- 802 80C 102 €0z LT 666.-000S

- G- 21z 012 807 502 96v 666v-007C

z- 5- 91T 34 144 80C 98¢ 66€2-007T

9- L- 812 €T 2re 902 987 66€T—-000T

€ T 122 10 vee 912 86¢ 666—00T padnpaloxna] 'sOgY
ues|N ueIpaN ues|N ueIpa uesy uelpai\ JT0Z ‘N JeaA Jad suonesado [eaibung jusuodwo)

($) GTOZ-LT0Z duatayla  ($) STOC ‘pred unowy () LT0Z ‘pred unowy

LTOZ pue GTOZ ‘selels

pallun ay ui suoneado [ea1bins Juaiedul [enuue Ag paignens pue sjenidsoy Aq pauodal se ‘iun 1onpoad poojq Jad pred Junowe Jejjop ueaw pue UelpaA

Author Manuscript

‘0T 3719Vl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 34

Sapiano et al.

0- T 67 ti% 8 8y 439 0008<
0 4 ¢S ti% ¢S 09 9T 666.-000S
T 0 €9 0S S 0S 6€€ 666¥—-00¥7C
0- T SS 0§ S T8 %44 66€C-00¥T
uesy uelpa ues|N ueIpaN ues|N ueIpaN JTOZ ‘N Jeak aad suoireado [ealfing Jusuodwo)

($) GTOZ-LT0Z ‘2ouaiayid  ($) GTOZ ‘pred Junowy

($) 2702 ‘pred Junowy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 35

Sapiano et al.

(1€) ¥5 (se1) 61/ (s2) vos (902) 06Y (62) Gee (802) 022 L102
(ev) v9 (0gT) 85 (98) 915 (e81) 005 (92) vee (sL1) 622 102 (AN ‘IH 'VO ‘2V) 6
G- 0 TT- 0z- L- y-  GT02-L10C
(z€) 99 (zv) G9 (e6) 0€S (02) Tes (se) L2 (o) 912 L102
(ee) 1L (ov) 59 (e8) 2vs (29) ovs (8e) eze (1) oze 102 (AM ‘LN ‘aS ‘aN ‘LA ‘00) 8
0 e - 6- z- Z  ST02-L102
(v€) 85 (Lv) 25 (€8) €6V (9171) 06Y (02) 90¢ (tet) 00z L102
(91) 85 (19) &6 (99) L6¥ (¢6) 667 (o) 802 (96) 66T 102 (3N O ‘SY 'VI) L
- T- - G- 0- Z  ST02-L102
(67) 25 (8et) €5 (e6) veES (e€2) 528 (62) 812 (tve) 912 L102
(e2) 85 (#¥1) ¥5 (82) 8eS (¥T2) 0gS (ve) 812 (902) ¥Te 102 (X1 "0 ‘AN 'V 'dv) 9
- z- - zr- z- 0 ST0Z - .T02
(sT) 18 (e02) 05 (99) v05 (09¢) €05 (z2) 102 (59¢) 26T L102
(1) es (es1) 28 (ss) 815 (t18) 5T (s2) e0e (20€) 26T G102 (IM "HO ‘NI ‘IIAL‘NIET1) §
T 0 e 0 9 T-  §T02-L102
(€2) vs (zve) 15 (59) 0z (88¢) 02 (ve) Loe (e6€) 66T L102
(¥1) €5 (002) 16 (s2) €es (see) ozs (82) 102 (9z¢) 002 102 (ON ‘SN ‘AN 'V 14 “TV) ¥
12 - 9 €T 0 T-  §T02-L102
(19) 92 (811) 19 (62) 85 (602) 02 (62) v1e (¥12) L02 L102
(s1) 88 (com) 85 (99) zes (2971) €5 (se) e1e (esT) 202 102 (AM 'VA 'vd ‘aIN ‘30 '0Q) €
z- - G- G- G- y-  SGT02-L10C
(1) 6% (sot) s¥ (88) 8YS (z91) €S (82) L2 (281) ¥T2 L102
(e7) 18 (¥01) 6 (28) €55 (evT) G€8 (92) zze (eeT) 812 102 (ANIN) 2
6- 0z- oA TE- €T- €T-  ST02-L10C
(¥2) vs (z9) v (08) 115 (26) 205 (92) 92¢ (e6) 22z L102
(tTe) 29 (es)09  (v0T) 9€5 (08) €€5 (ve) 6eC (22) see 102 (LA ‘19 'HN 3N ‘YN LO) T
(@s)uean  (N) ueipan - (as) ueain  (N) uelpaiN - (as) ueain  (N) uelpaIN Jeap uoifiey SHd
ddd s171d sisalaydy $OgY PaonpalodnaT
LT0¢ pue GT0¢

‘salels paun ayl ul uoibal SHd Aq paijinens pue (srejjop 'S N ul) spendsoy Aq paliodal se 1iun 1onpoad poojq Jad pred Junowre Jejjop ueaw pue UelpaAl

Author Manuscript

1T 3719vL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 36

Sapiano et al.

T o 6T- IT z- S GT0Z - LT0Z
(61) 1L (29) 69 (627) 615 (28) 195 (2€) ogz (¥8) 812 1702
(81) 69 (67) T2 (€21) 865 (z2) 0ss (g9) zez (v2) €12 GT0Z (WM 4O ‘al ‘M) 0T
6- 9- zT- 0T- 6- 6-  ST0Z-LT0Z
(as)uesn  (N) ueipsiN - (as) uesiN (N) ueipsiN (QS) uesIN - (N) uelpsinl Jeap uoibay SHd
ddd $171d sisataydy $OgY PaonpaJoxnaT
Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 37

Sapiano et al.

Author Manuscript

(098T/2€ET) %9'T. (0TEZ/269T) %G'€/  suoseal [euosiad 10 ‘[eanynd ‘snoibijas 1oy sjusuodwiod poojq pasnyal oym sjuaired Jealy 0] weibold
(G.8T/125T)  %8'€8  (0EEZ/TEBT) %628 10118 U0N99109 8jduwes uo eleq
(g881/508) %2’ 9T  (6T€2/8FY)  %E6T JJe1s uo (OS.L) 489140 A1aJes uoisnysuel |
N/u 1U3243d N/u 1U3243d
§T0Z 1102

/T0Z pue GTOZ ‘sluauodwod poojq 410 poojq 4o uaidioal Jo A1ages aoueyua 0] $82110eid pue saloljod |e1idsoH

2T 31avL

Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 38

Sapiano et al.

"GTOZ Ul 000°92S'ET PUE LTOZ Ul 000°SG8'CT SBM SUO0III8||0J JO Jaguinu 10} mE._uN

*018 ‘UOIEILLI 8AJBU ‘AINfUl YT SSBUSNOIDSUOD JO SSO| ‘20W 10 BINUIL B JO

$SBUSNOIDSUO0D J0 SSO| ‘aimound [eria)le ‘uonoeal o1bis)je Jofew ‘ajdwexa 1) ‘apnjoul 1eyy sseooid UOIBUOP dY} 0} PAINGLIE SI0UOP Ul BULLINIJO0 SIUBAS SB PaUISP 2J9M SIUBAS 9SJ9APE PaTR|aI-IoUop 319AsS
"

,EroeeLt 0zT 6687 (6LLW2-vpL'0T) 29L'LT  TEVT TEE'ST (s10UOp |[e) SUON3]103 ||/
(€1°0) ¥8L:T esLT 98.T (¥685-880T) T6VE 95T geee (sJouop |[e ‘parewolne) suonaa||od sisalaydy
(€T°0) 95L°T L€TT vG8'T  (L0S'6T-9€06) TLZ'VT  Gl2e 966'TT (s10u0p |[e ‘[enuew) suoRD8||0d PoOIq BJOYM  STOZ
&o\oze 088'T 8951 €06:T  (#9S°2T-¥99'TT) ¥I9'¥T  8E0T 9/5'€T sI0U0p ||V SU01193]109 IV
(8662-9.9T) L€€2 v8 €622 sreak 8T uey} J9p|O
(¥8e-€TT) 8¥C 14 474 1aBunoA pue sreak g1
(%T1°0) 0V6'T LEOT'T L€6'T (860€—2202) G8GC 88 861C siouoq ||V suono8||09 sisasaydy
(¥8T'0T-G909) G218 60 5187 sreak 8T uey} J9p|O
(£215-1892) v06€E e €99¢ 1aBunoA pue sreak g1
(%21°0) 298'T GeS'T 968:T  (L08'¥T-T526) 620'CT 156 8/0'TT slouod ||y SUONJ8[|0d Poo|q 3JOYM  LTOZ
paulquiod seudsoHq  s4a1uda poolgd (1D 9%S6) paulquio)  S|eldsoH  SJ8)1udd poolg abe Jouoq adAy uonda|0D JeaA
9]e.u uoljoesy %mucw>m 9SJaApE pPale|ad-10uop 343Ass JO JsquinN

Author Manuscript

/T0Z pue GTOZ ‘Se1elS pauun ayl Ul poyiaw Uuonoa|jod Jo adAy Aq ajel pue s)uana asIsApe pajejal-1ouop a1anss

‘€T 319gvL

Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 39

Sapiano et al.

Author Manuscript

"2Je0 Ws)-Buo| pue ‘uoneligqeyas ‘sisAjeip wsnedino sspnjou|

4
*30UIa4IP JUROYIUBIS S8YRIIpU|
*

(952 = U) %00 %0°6 z0e  (902T = U '26E-192) ZEE ,Sbumas uaiedul anoe-uou pue Juanedino
(222 =u) %E - %89- 00y  (9TTT =u '€2v—L2€) GLE aJeD [e9NLD
(6 = U) %2 0T %TLT 8¢ (9/2T = U 'vy—v2) ¥€ S91BUOBN

(Ly =u) %8'6 %8ST T (02T = u‘0zT-8Y%) ¥8 SoLIeIPad
(T¥T =U) %00 %562 1T . (#LTT = U ‘02-21) 9T AB0]023UAD/S211181SO
(59¢ = u) %T'G- %9'0T- 998  (L02T =U'806-859) €82  (ABojosuoyABojoyeluay Butpniour) sudIpalAl Justyedul
(182 = U) %6°9T %6°6T 6. . (€9TT = U ‘STT-G8) 66 yuawredaqg Aousbiaw3g
(90€ = u) %z'1- %T0- 006  (89TT = U '€rE-952) 00E (uejdsuen Butpnjour) Asains v

HIp 9% UBIpBW PaUdIBIN -+ JIP %  STOC (1D 9%56) L102

(spuesnoyy ul passaidxa) 2T0Z pue GTOZ ‘SA1LIS Pallun ayl ul uoieao] jeudsoy Aq pasnjsuel) suun 19131e|d

v1 3719vL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



Page 40

Sapiano et al.

veee
%ECe 0¢L
%9°6Y 60TT
%187 Sov

(L8v2-68T2) 8€€2

%6°0€ (918-229) 22L
%0'9Y (89TT-T86) G.0T
%2'€T (T0.-28€) 7S

leloL
ayduL
8|qnog
a|buis

s1efereld e 9% (1D %G6) sHun JsquinN  sisereld f|e 9

(1D 9%S6) SHUN JaqWINN  SU01198]102 18]8¥e|d Sisauaydy

§10¢

L10¢

(spuesnoyy

ul passaidxa) ZT0Z pue GTOZ ‘Sa1elS paiun ayl ul suonaajjos ajdiul pue ajgnop ‘sjbuls se ps12a]|0d suun 19ja1e|d sisaiayde Jo Jaquinu palewnsy

Author Manuscript

‘ST 3719vL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sapiano et al.

TABLE 16.
Use of PAS to prepare apheresis PLTs, 2015 and 2017

2017 2015

Percentage of facilities using PAS 8.5% (12/141)  6.8% (11/162)

Mean number of units prepared using PAS 2742 (n=11) 3374 (n=11)
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Plasma product

2017 (95% ClI) 2015

All plasma products
FFP

FFP, pediatric size (100 mL)

FFP, jumbo size (>400 mL)
PF24

Plasma, PF24RT24
Liquid
Cryoprecipitate reduced

Group ABf

2374 (2262-2487) 2727
1021 (907-1136) 969
34 (19-49) 29
46 (18-74) 37
1183 (1071-1294) 1086

39 (7-71) 39
14 (8-20) 12
27 (14-39) 91

278 (214-341) 223

TABLE 18.

*
Plasma, frozen within 24 hours after up to 24 hours at room temperature.

fGroup AB plasma is not an exclusive category and includes units counted as other product types.
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TABLE 27.

Hospital policies for neonatal aliquot production, 2017

Facilities
Neonatal aliquot production n/N %
Neonatal aliquots made by syringe from full-size units 523/937 56%
Pedipacks used for pediatric aliquots 436/937 47%

Attempt to use same full-size unit for aliquots for neonatal patients  768/931  82%
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