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Abstract

Introduction: Supplemental data from the 2019 National Blood Collection and Utilization
Survey (NBCUS) are presented and include findings on donor characteristics, autologous and
directed donations and transfusions, platelets (PLTs), plasma and granulocyte transfusions,
pediatric transfusions, transfusion-associated adverse events, cost of blood units, hospital policies
and practices, and implementation of blood safety measures, including pathogen reduction
technology (PRT).

Methods: National estimates were produced using weighting and imputation methods for a
number of donors, donations, donor deferrals, autologous and directed donations and transfusions,
PLT and plasma collections and transfusions, a number of crossmatch procedures, a number

of units irradiated and leukoreduced, pediatric transfusions, and transfusion-associated adverse
events.

Results: Between 2017 and 2019, there was a slight decrease in successful donations by 1.1%.
Donations by persons aged 16-18 decreased by 10.1% while donations among donors >65

years increased by 10.5%. From 2017 to 2019, the median price paid for blood components

by hospitals for leukoreduced red blood cell units, leukoreduced apheresis PLT units, and for fresh
frozen plasma units continued to decrease. The rate of life-threatening transfusion-related adverse
reactions continued to decrease. Most whole blood/red blood cell units (97%) and PLT units (97%)
were leukoreduced.
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Conclusion: Blood donations decreased between 2017 and 2019. Donations from younger
donors continued to decline while donations among older donors have steadily increased. Prices
paid for blood products by hospitals decreased. Implementation of PRT among blood centers and
hospitals is slowly expanding.

Keywords
blood component preparations; blood management; RBC transfusion

11 INTRODUCTION

Blood product transfusion is a life-saving treatment used in a variety of healthcare settings.!
Ensuring the safety and adequacy of the blood supply requires regular, periodic collection
of data on blood collection and utilization, including blood safety practices. CDC and the
Office of the Assistant Secretary of Health (OASH) conduct the National Blood Collection
and Utilization Survey (NBCUS),24 a biennial survey of blood collection organizations and
transfusing hospitals, in order to estimate blood collection and utilization in the United
States. These findings are relevant for blood collection and transfusing organizations, public
health policymakers, and other stakeholders. The main purposes of the NBCUS are to
quantify blood collection and transfusion, monitor trends in donor demographics and donor
and patient adverse reactions, and identify changes in transfusion safety practices. Data are
also collected on blood donor and donation characteristics, blood inventory and supply, cost
of blood products, platelet (PLT) bacterial testing, transfusion dosing, hospital policies and
practices related to transfusion services and donor and recipient adverse reactions. Previous
reports produced from the survey have been considered when developing public health
policy and considering efforts to ensure blood supply sustainability.>

The 2019 NBCUS survey questions were largely consistent with the previous four surveys
in order to allow longitudinal comparison. However, implementation of the 2019 survey
experienced several challenges. First, consistent with previous cycles, this survey was
launched in March 2020, which coincided with the initial phase of the COVID-19 pandemic.
Despite efforts to ensure participation, including detailed facility follow-up and survey
deadline extension, providing survey responses was challenging for many facilities. Second,
a new software platform was utilized to administer the 2019 survey which resulted in a
different user interface and experience.

Separately, overall findings of blood collection and utilization have been published.® The
information presented here include remaining findings of the 2019 NBCUS providing
additional insight into collection, use, and cost of whole blood, red blood cells (RBCs),
PLTs, and plasma.

21 METHODS

The survey methods are consistent with the 2013-2017 calendar year surveys and have been
previously described.’:8
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2.11 Questionnaire design

The 2019 survey includes 44 questions, 18 applicable to blood collection centers and

26 applicable to transfusing hospitals. While the current survey was largely unchanged
from the 2017 survey, questions were reorganized to improve clarity and responsiveness.
One difference was that the 2013-2017 NBCUS versions were administered using the
Mrlnterview (SPSS Inc., Chicago, IL, USA) software package. The 2019 NBCUS was
administered through REDCap (Vanderbilt University, Nashville, TN, USA), a survey
platform used routinely by CDC for public health surveys. The use of a different

platform necessitated modification to the formatting of individual questions. Most notably,
Mrinterview allowed questions to be posed in a tabular format which was not possible in
REDcap. Therefore, questions were included as separate and ungrouped items with language
adjusted for clarity.

2.21 Sampling method

The development of the sampling frame for the 2019 NBCUS followed the same approach
as described for previous surveys.23.7 In November 2019, blood collection centers were
identified using the Food and Drug Administration's Blood Establishment Registration
(FDA-BER) database. Facilities that collect or manufacture blood products are required

to register in the FDA-BER.? Transfusing hospitals were identified using the 2017 American
Hospital Association (AHA) annual survey database, which was the most recent data
available at the time.10 Hospitals with the following characteristics were excluded from
survey dissemination: performing <100 inpatient surgical operations annually; location in
U.S. territories; operation by the military or Department of Justice; and classification as
rehabilitation, acute long-term care, or psychiatric facilities.

Blood collection centers (i.e., community and hospital-based collectors listed on the FDA-
BER) were sampled at 100%. Among all hospitals included in the sampling frame, 100% of
hospitals performing =1000 inpatient surgical operations per year were surveyed and 40% of
hospitals performing 100-999 inpatient surgical operations per year were randomly selected
to be surveyed. Hospitals listed as blood collection centers on the FDA-BER that performed
100-999 inpatient surgical operations per year were also sampled at 100%.

All community-based blood centers were contacted via email or telephone to confirm
contact information. All hospitals in the sample, including hospital-based blood centers,
received a web-based contact information form via email. Facilities that did not complete
this web-based form were contacted by letter and subsequently by telephone, if needed.
Facility contact information was confirmed for all included facilities between October 2019
and March 2020.

Survey dissemination of the 2019 NBCUS began in March 2020 when hospitals and blood
centers were heavily impacted by the COVID-19 pandemic. Sampled facilities received a
unique survey link via email. Respondents were initially asked to respond within 2 months.
However, to assist with survey completion, the deadline to complete the 2019 NBCUS was
extended by 2 months, from May 2020 to July 2020 to give hospitals and blood centers
adequate response time and maximize participation. Facilities were notified of the extension
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via email at the end of the first month of the data collection period. During the weeks
following survey dissemination, facilities were further reminded about the survey via mail,
email, or phone to increase participation.

Stratification, imputation, and weighting

Blood centers and hospitals were stratified based on similar methods used in 2017.7
Community-based blood collection centers were stratified based on annual RBC collection
volume in 2017 into four categories: <50,000 units; 50,000-199,999 units; 200,000-399,000
units; and =400,000 units. For collection questions, hospital-based blood collection centers
were stratified into the following categories using annual inpatient surgical operations from
the AHA database: <1000, 1000-7999, and =8000 inpatient surgical operations during 2017.
Transfusing hospitals were stratified into six categories based on annual inpatient surgical
operations during 2017 using the AHA database: 100-999, 1000-1399, 1400-2399, 2400-
4999, 5000-7999, and =8000 inpatient surgical operations.

To account for missing data, facility responses were imputed using similar methods applied
in 2017.711 All imputed variables were continuous and non-normally distributed. The
imputation procedure involved a two-step method for variables skewed toward zero.12 Case
analysis was used for variables with missing data exceeding 20% of respondents rather than
being imputed.13 Imputation was utilized only when missing data items were less than 20%
and for variables for which a national estimate was described.

Facility responses were weighted to adjust for nonresponses within each stratum. Weights
were calculated by dividing the total number of eligible facilities by the number of
respondents for each stratum. Community-based blood collection centers with a RBC
collection volume >400,000 could not be reliably weighted or imputed so weighted
estimates were not calculated when one of these facilities was missing data. Hospitals

with 100-999 annual inpatient surgical operations were sampled at a rate of 40% and

were therefore weighted for nonresponse and for sampling. Confidence intervals (Cls) were
determined for national collection and transfusion estimates and calculated using the Taylor
series method.14

Weighting and imputation were used to determine national estimates for the following:
autologous and directed donations and transfusions of blood components; PLT components
collected and transfused; plasma components collected and transfused; granulocyte
components collected and transfused. The following were estimated using available case
analysis: number of persons presenting to donate; deferred donors; donations by age

and type; repeat and allogeneic donors; crossmatch procedures performed on whole blood/
RBCs; irradiated and leukoreduced units transfused by hospitals; and transfusion-associated
adverse events. Summary statistics were calculated for the remaining variables and are
presented as means, medians, and percentages of responding facilities. Results including
estimates of whole blood/RBCs include whole blood, whole blood-derived RBCs, and
apheresis RBCs combined. Estimates were rounded to the nearest 1000.

As in previous analyses, information on cost estimates for each component required
additional data cleaning for facilities that reported the total amount spent on blood products
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instead of the price per unit. Values exceeding five times the standard deviation above the
mean were excluded. Information on cost of whole blood-derived PLTs and cryoprecipitated
AHF required further cleaning due to facilities reporting cost of pooled components. To
adjust for outliers resulting from pooled estimates, a threshold of $350 for whole blood-
derived PLTs and $200 for cryoprecipitate was implemented. Costs are presented in whole
dollar amounts.

A matched analysis of facilities was performed to compare differences in the number

of pediatric and neonatal transfusions occurring between 2017 and 2019. Facilities were
matched if they responded to these survey questions in both 2017 and 2019. A t-test was
used to determine significant changes in the mean cost of blood components between 2017
and 2019. The significance for these associations was set at p < .05. All analyses were
performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Variables analyzed in this report

Survey participation for 2019 was compared with previous years and summarized by facility
type, volume of RBC collections, annual inpatient surgical operations, and by geographic
region determined by Health and Human Services (HHS) regions.1® National estimates

are reported for donor deferrals stratified by reason for deferral and sex, and total donors
presenting to donate were stratified by sex for 2019 compared with data reported in 2017.
Reports also include the number of donations by donor age and the number of donations by
minority donors. Total number of individual blood donors are presented and categorized by
first-time and repeat allogeneic donors. This summary includes the number of autologous
and directed whole blood and RBC donors, units donated, recipients and units transfused.
The number of directed PLT donors, units donated, and recipients are also presented.

The mean and median dollar amount paid by hospitals per blood product are reported

for the following: RBC (leukoreduced and non-leukoreduced), whole blood-derived PLTs,
apheresis PLTs, fresh frozen plasma (FFP), plasma frozen between 8 and 24 h of donation
(PF24) and cryoprecipitated AHF. Questions on costs for non-leukoreduced RBCs and
whole blood-derived PLTs were removed for the 2019 NBCUS, and an additional question
on the cost of pathogen-reduced apheresis PLT units was added. Costs paid by hospitals
were further evaluated by inpatient surgical operations, and HHS region for the following:
leukoreduced RBCs, apheresis PLTs, and FFP. Hospital policies and practices implemented
to enhance transfusion safety are presented for 2019 and compared with 2017. Analyses on
severe donor-related adverse events and reaction rates were excluded in 2019 due to limited
availability of data for these questions, which prevented accurate calculations of national
estimates.

The number of apheresis PLT units collected from either single, double, or triple collections
and the number of facilities preparing apheresis PLTs using PLT additive solution are
described for 2019 and 2017. Total units of apheresis and whole blood-derived plasma
collected and transfused by component type are presented for 2019 and 2017. Reports by
transfusing hospitals on the criteria used for routine dosing of transfusions for plasma,
prophylactic PLT, and therapeutic PLT transfusions are shown. The age of RBC, apheresis
PLT units, and whole blood-derived PLT units at the time of transfusion is reported by
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age group for 2019 and 2017. The percent of Group O+ and O— RBC units distributed,
transfused, and outdated is described for 2019 and 2017. The number of group O RBC
units in inventory on an average weekday and the number of O+ RBCs that determine
when a supply is considered critically low is reported, stratified by annual inpatient surgical
operations. Total crossmatch procedures are reported by crossmatch procedure method for
2019 and 2017. A number of irradiated units used by hospitals stratified by component type
and irradiation method are reported. The number of adult-equivalent units used in whole

or in part for pediatric (aged >4 months) and neonatal (aged <4 months) patients and the
number of pediatric or neonatal recipients are shown for 2019 and 2017. These values are
stratified by blood component and stratified by neonatal and pediatric patients. Additionally,
policies used for neonatal aliquot production is presented.

The number of blood collection centers that treated PLT units with PRT, leukoreduced blood
products, or genotyped donors are reported. A summary is also provided for the number

of hospitals that transfused PRT-treated units, had a policy to transfuse only leukoreduced
units or white blood cell-filtered units at bedside, performed secondary testing to detect
bacterial contamination of PLTSs, or performed genotyping of transfusion recipient red blood
cell antigens. The mean and median percentage of total units leukoreduced were determined
for facilities that reported number of leukoreduced units. Mean percentages of total donors
and recipients genotyped were also evaluated.

31 RESULTS

3.11

Survey participation

Participation was lower overall for the 2019 survey (2266 of 2951 facilities sampled
responded; 76.8%; Table 1) compared with the 2017 survey (2588 of 3020; 85.7%).
However, the 2019 overall response rate was slightly higher than the rate for 2015 (74.2%).
Community-based blood centers that met inclusion criteria decreased from 65 in 2017 to
53 in 2019. After stratification by annual volume of RBC collections, all strata including
community-based blood collection centers collecting <399,000 RBC collections per year
decreased while centers collecting =400,000 increased (Table 2). Of the 53 community-
based blood centers invited to participate, 50 (94.3%) responded to the 2019 NBCUS, a
participation rate consistent with previous years. The three community-based blood centers
which did not respond to the 2019 NBCUS all had <50,000 RBC collections per year.

The number of hospital-based blood centers declined from 108 facilities in 2017 to 90
facilities in 2019 (Table 1). A reduction was seen among hospitals performing =1000
surgeries per year but not among hospitals performing <1000 surgeries per year (Table 2).
The response rate among hospital-based blood centers decreased slightly from 85.2% in
2017 to 84.4% in 2019.

The overall number of hospitals in the sample declined from 2847 in 2017 to 2808 in 2019
(Table 1). Among hospitals, the response rate decreased from 85.5% in 2017 to 76.2%

in 2019, although this was still slightly higher than the rate for 2015 (73.9%). Compared
with 2017, the 2019 response rate for hospitals decreased 9.3 percentage points, while the
2019 response rate for both community-based and hospital-based collection centers did not
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substantially change (Table 1). Across all surgical operations strata, the response rate ranged
from 72.0% to 84.8%, a relatively wider range compared with previous years (Table 3).
When stratified by HHS region, there was more variation observed from response rates,
with Regions 8 and 9 having the lowest response rates (71.7% and 67.7%, respectively) and
Region 2 having the highest response rate at 91.6% (Table 4). Between 2017 and 2019, HHS
regions 3 and 8 showed the largest change in response rate with a decrease by 15% and
16.5%, respectively.

Donor characteristics

Table 5 describes the estimated number of donors presenting to donate, including successful,
unsuccessful, and deferred donors stratified by reason for deferral. The number of donors
presenting to donate declined in 2019 by 7.1% with 13,022,000 (95% Cl, 12,467,000—
13,576,000) donors compared with 14,018,000 donors presenting to donate in 2017 (Table
5). Of those presenting to donate, deferred donors decreased by 2.8% with a total of
2,472,000 (95% Cl, 2,056,000-2,889,000) donors deferred in 2019 compared with 2017
(2,544,000 deferrals). The donor deferral rate in 2019 (19.0%) was slightly higher than
reports in 2017 (18.1%). Donor deferrals were mostly driven by low hemoglobin or
hematocrit, other non-medical reasons, and blood pressure and/or pulse which accounted
for 43.1%, 21.4% and 11.2% of deferrals, respectively. Deferrals due to low hemoglobin/
hematocrit decreased by 49,000 (4.4%) from 1,115,000 deferrals in 2017 to 1,066,000
(95% ClI, 999,000-1,134,000) deferrals in 2019. Deferrals associated with blood pressure
and/or pulse accounted for 278,000 (95% ClI, 251,000-305,000) deferrals in 2019, a 3.5%
decrease compared with 2017. Deferrals for other non-medical reasons increased by 228,000
(75.8%) from 301,000 deferrals in 2017 to 529,000 (95% CI, 385,000-673,000) deferrals
in 2019. Other medical reasons include, but are not limited to, use of medications on the
medication deferral list, growth hormone from human pituitary glands, and Hepatitis B
Immune Globulin. Deferrals for other reasons decreased by 331,000 (63.3%) from 523,000
deferrals in 2017 to 192,000 (95% CI, 154,000-230,000) deferrals in 2019. There was a
9.2% increase in deferrals for men who have sex with men (MSM) from 6000 deferrals in
2017 to 7000 (95% CI, 5000-8000) deferrals in 2019. Number of donors deferred for travel
reasons increased by 55,000 (47.9%) from 114,000 deferrals in 2017 to 169,000 (95% ClI,
80,000-257,000)deferrals in 2019.

Questions on the number of donors deferred stratified by male/female were first included
in the 2017 NBCUS and continued to be included in 2019. The distribution of males

and females presenting to donate were similar between 2019 and 2017, with 6,644,000
males and 6,378,000 females in 2019 (Table 5). Similar to 2017, females were more
likely to be deferred than males in 2019, with 1,628,000 females deferred (65.9% of

all deferrals) compared with 844,000 males (34.1% of all deferrals). This difference

was primarily attributed to deferrals for low hemoglobin/hematocrit, for which 861,000
females were deferred compared with 205,000 males. More females were also deferred
for other non-medical reasons (333,000 females; 196,000 males), for an abnormal pulse
and/or blood pressure (144,000 females; 134,000 males), tattoo/piercing (46,000 females;
17,000 males), and other medical reasons (108,000 females; 84,000 males). The following
categories included more males deferred compared with females deferred: prescription
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drug use (37,000 males; 35,000 females), travel (87,000 males; 82,000 females) and high-
risk behaviors related to male sexual contact (6000 males; 1000 females who had sex
with MSM) and all other high-risk behaviors (e.g., nonmedical parenteral drug use and
incarceration), with a total of 9000 men deferred overall compared with 6000 females
deferred overall. Differences in donor deferrals stratified by male/female were largely
unchanged between 2017 and 2019.

In 2019, there were 13,022,000 presenting donors (Table 5), from whom 10,981,000 (95%
Cl, 10,342,000-11,620,000) successful donations were collected, which is similar to the
11,101,000 successful donations in 2017 (Table 6). Successful donations were collected
from 7,316,000 (95% Cl, 6,912,000-7,720,000) total individual donors, an 8.5% decrease
from 2017, when there were 7,996,000 total individual donors who donated successfully
(Table 7). The number of repeat allogeneic donors who donated successfully decreased by
14.4% from 5,921,000 in 2017 to 5,069,000 (95% Cl, 4,753,000-5,385,000) in 2019. The
number of first-time allogeneic donors who donated successfully increased by 6.6% from
2,076,000 in 2017 to 2,213,000 (95% ClI, 2,007,000-2,419,000) in 2019. In 2019, 2,146,000
(95% Cl, 1,615,000-2,678,000) donations were made by ethnic or racial minority donors
(including African American, Pacific Islander, American Indian, and Hispanic donors),
accounting for 19.5% of all donations. This represented a 6.4% increase from 2,018,000
donations reported from minority donors in 2017 (Table 6). Among all successful donations,
the proportion from ethnic or racial minority donors increased from 18.2% in 2017 to 19.5%
in 2019.

The national estimates on the number of donations by donor age during 2017 and 2019

are described in Table 6. Donations were primarily from donors between the ages of 25
and 64 years (63.2%) followed by donors aged =65 years (16.1%), donors aged 16-18
years (11.2%), and donors aged 19-24 years (8.6%). Donations by persons aged <65 years
decreased by 289,000 between 2017 and 2019, including 139,000 fewer donations (10.1%
decrease) among donors aged 16-18 years, 169,000 fewer donations (15.1% decrease) by
donors aged 19-24 years, and 67,000 fewer donations (1.0% decrease) among donors aged
25-64 years. In comparison, donations by donors aged =65 years increased by 169,000
(10.5%) from 1,603,000 in 2017 to 1,772,000 (95% ClI, 1,647,000-1,897,000)in 2019. From
2017 to 2019, 2000 more donations (31.7% increase) were reported among donors aged
15 years, 1000 fewer donations (0.3% decrease) by donors aged 16 years, 69,000 fewer
donations (11.8% decrease) by donors aged 17 years and 79,000 fewer donations (16.1%
decrease) by donors aged 18 years.

3.31 Autologous and directed transfusions

The number of autologous whole blood/RBC transfusions was mostly unchanged (27,000
units in 2017 and 29,000 units [95% CI, 8000-51,000] in 2019), but the number of
recipients of autologous donations decreased from 25,000 in 2017 to 16,000 (95% Cl,
4000-27,000) in 2019, though these numbers are not statistically significant (Table 8). The
total number of directed RBC/whole blood transfusions decreased from 56,000 units in 2017
to 18,000 (95% CI, 5000-31,000) units in 2019. Similarly, the number of recipients of
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directed donations decreased from 38,000 recipients in 2017 to 9000 recipients (95% Cl,
2000-16,000) in 2019.

3.41 RBC units transfused and recipients

Table 9 shows the estimated number of RBC units transfused and recipients. Between

2017 and 2019, the number of allogeneic RBC units transfused was not significantly
different (10,555,000 units transfused in 2017; 10,801,000 units transfused in 2019 [95%
Cl, 10,395,000-11,206,000]). Similarly, the number of allogeneic RBC recipients was also
not significantly different (4,031,000 recipients in 2017; 4,206,000 recipients in 2019 [95%
Cl, 3,995,000-4,416,000]).

35| Cost

The cost of blood components as reported by hospitals is described in Table 10. Between
2017 and 2019, the median price paid per unit increased by $1 for both leukoreduced RBCs
and for a single unit of cryoprecipitated AHF. For both apheresis PLTs and for FFP, the
median price paid per unit decreased by $1. There was no change in price paid per unit

for plasma frozen between 8 and 24 h of donation (PF24). The only statistically significant
change in reported cost from 2017 to 2019 was a decrease of $4 observed for the mean cost
of FFP units, from $57 in 2017 to $53 in 2019.

The median cost of a leukoreduced RBC unit (Table 11) was highest among hospitals
performing the least amount of annual inpatient surgical operations (100-999; $217) and
lowest for hospitals performing the most inpatient surgical operations (=8000; $203).
Between 2017 and 2019, facilities in all strata reported an increase in mean or median
amount paid except for facilities performing =8000 inpatient surgical operations. The largest
increase in the median amount paid was observed among facilities performing 1000-1399
inpatient surgical operations from $206 in 2017 to $210 in 2019.

In comparison with 2017, hospitals reported more geographic variation in the cost of
leukoreduced RBCs in 2019 (Table 12). The median price of leukoreduced RBCs ranged
from $199-$222, with hospitals in HHS Region 5 (IL, IN, MI, MN, OH, WI1) reporting the
lowest median price per unit and hospitals in HHS Region 1 (CT, MA, ME, NH, RI, VT)
reporting the highest median price per unit in 2019. The mean price paid per unit ranged
from $206-$227. Respondents in nearly all HHS regions reported an increase in mean
price paid for leukoreduced RBCs with only hospitals in HHS region 4 and 10 reporting a
decrease.

Similar to previous survey years, apheresis PLT products were the most expensive blood
component as reported by hospitals (Table 10). The highest cost ($534) for apheresis

PLT units was reported among hospitals performing the least amount of inpatient surgical
operations (100-999) and the lowest cost ($502) reported among hospitals performing

the most inpatient surgical operations (=8000) (Table 11). In 2019, the cost of a pathogen-
reduced apheresis PLT unit was added to NBCUS and was reported by 314 hospitals (Table
10). The median price paid per pathogen-reduced apheresis PLT unit was $617 compared
with $516 per non-PRT apheresis PLT unit.
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As with RBC, geographic variation was observed in reported prices of apheresis PLT (Table
12). Facilities located in HHS Region 2 (NJ, NY) and HHS Region 6 (AR, LA, NM, OK,
TX) reported the highest median price per apheresis PLT unit in 2019 ($525; range: 444—
628) while facilities responding from HHS Region 9 (AZ, CA, HI, NV) reported the lowest
median price per apheresis PLT unit ($491; range: 422-588).

Of the 2140 hospitals which responded to the 2019 survey, 941 (44.0%) reported the cost
for a FFP unit and 1276 (59.6%) reported the cost for a PF24 unit (Table 10). The median
price for FFP and PF24 units were similar in 2019 ($50 [IQR $43-59] for FFP and $50 [IQR
$43-58] for PF24) when compared with 2017 ($51 for FFP and $50 for PF24). The highest
median cost for FFP units ($57) and PF24 units ($57) were reported among hospitals with
100-999 inpatient surgical operations, both of which decreased since 2017 (Table 11). The
lowest median cost for FFP units ($45) and PF24 units ($45) were reported among hospitals
with =8000 inpatient surgical operations, both of which were unchanged from 2017. The
median price paid for FFP decreased in most HHS regions, although HHS Regions 1, 4, and
5 showed no change and HHS Region 9 (AZ, CA, HI, NV) reported a slight increase (Table
12).

Hospital policies and practices related to transfusion services

3.6.11 Transfusion safety officers—Between 2017 and 2019, the proportion of
hospitals reporting a Transfusion Safety Officer (TSO) on staff declined from 19.3%

to 17.9% (Table 13). Among the 338 facilities reporting a TSO on staff in 2019,

93.2% (315/338) reported TSO employment by the hospital and 4.1% (14/338) reported
employment by a blood center, and the remaining 2.7% (9/338) of facilities did not identify
the TSO employer.

3.6.21 Data on sample collection errors—Between 2017 and 2019, the percentage
of transfusing facilities that collected data on sample collection errors remained steady
(82.9% of facilities in 2017 and 81.1% of facilities in 2019) (Table 13). The mean number
of sample collection errors reported per facility, increased from 41.8 in 2017 to 50.2 in 2019.
The proportion of responding facilities which reported having an established program to
manage patients who refused blood components for religious, cultural, or personal reasons,
increased slightly from 73.5% in 2017 to 75.3% in 2019.

3.6.31 Bacterial screening of platelets—Table 14 presents the number of hospitals
reporting on secondary bacterial testing of PLTs. The proportion of hospitals which reported
performing secondary testing increased from 2017 to 2019, though only a small number of
total respondents reported performing testing in either year. Secondary bacterial testing was
reported more commonly among the largest hospitals (performing =8000 annual inpatient
surgical operations).

Hospitals reported a decrease in culture-based tests from a total of 50,922 tests reported

in 2017 to 35,266 tests reported in 2019. In comparison, the use of rapid immunoassay
tests increased from 63,220 tests reported in 2017 to 92,805 tests reported in 2019 (Table
15). Among reports from hospitals, 14 culture-based tests and 22 rapid immunoassay tests
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were reported as having a confirmed positive result in 2019 compared with 13 and 10,
respectively, in 2017.

3.6.41 Genotyping—Molecular genotyping, consisting of molecular phenotyping of
non-ABO RBC antigens, of donors and recipients remains uncommon in the United States.
In 2019, 19.1% (21/110) of blood collection centers which responded to this question
reported molecular genotyping of donors compared with 22.5% (32/142) reported in 2017
(Table 16). The number of donors per facility that were genotyped in 2019 was only

slightly higher in 2019 compared with 2017 (3.8% vs 2.7%). The largest blood centers

were more likely to report genotyping donors. Additionally, a slightly higher percentage of
hospitals reported genotyping recipients in 2019 compared with 2017 (2.4% vs 1.3%). Large
hospitals (=8000 annual inpatient surgical operations) more commonly reported genotyping
recipients.

3.6.51 Pathogen reduction technology—Table 17 presents a summary of blood
collection centers utilizing pathogen reduction technology. Of the 126 blood collection
centers that participated in the 2019 NBCUS, 112 (89%) responded to the survey question
on PRT implementation. Among these, 26 (23%) facilities reported the production of PRT
apheresis PLT units. Among blood centers responding to this question in 2017, 19% of
blood centers reported manufacturing PRT apheresis PLT units. In 2019, 221,933 (95% ClI,
71,352-515,232) apheresis PLT units were produced, an increase compared with 2017 when
60,751 PRT apheresis PLTs were produced.

Table 18 presents a summary of transfusing hospitals utilizing pathogen reduction
technology. Of the 2140 hospitals that participated in the survey, 1908 (89%) responded
to questions pertaining to PRT. Of these facilities, 247 (13%) reported transfusing PRT-
treated apheresis PLTs. Among hospitals responding to this question in 2017, 6% reported
transfusing PRT-apheresis PLTs. In 2019, 175,017 (95% Cl, 115,346-234,544) PRT
apheresis PLT units were transfused, an increase compared with 2017 when 52,752 PRT
apheresis PLTs were transfused.

3.6.6 1 Leukoreduction—In 2019, 97.2% (95% CI, 95.7-98.6) of all RBC/whole blood
units collected were leukoreduced, an increase from 2017 when 95.8% of all RBC/whole
blood units collected were leukoreduced (Table 19). In 2019, 96.7% (95% Cl, 93.9-99.4) of
all apheresis PLT units collected were leukoreduced, a decrease from 2017 when 99.8% of
all apheresis PLT units collected were leukoreduced.

3.6.7 1 Irradiated and leukoreduced units used by hospitals by component—
Table 20 presents the number of whole blood, RBC, and apheresis PLT units that were
irradiated and leukoreduced in 2017 and 2019. For the 2019 NBCUS, questions related

to specific methods of irradiation were removed. The number of irradiated whole blood

and RBCs increased from 16.0% in 2017 to 18.6% in 2019 (1,983,000 units; 95% ClI,
1,688,000-2,278,000). In 2019, facilities were also asked to report the number of units
leukoreduced before and after storage for whole blood, RBC, and apheresis PLT units.

The number of whole blood and RBC units leukoreduced before storage increased from
7,765,000 units (72.9% of total units) in 2017 to 9,100,000 units (85.4% of total units;
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95% Cl, 8,660,000-9,541,000) in 2019. Similarly, the number of apheresis PLT units
leukoreduced before storage, rose from 1,497,000 units (81.0% of total units) in 2017 to
1,756,000 units (95.0% of total units; 95% Cl, 1,599,000-1,913,000) in 2019. During 2019,
1,777,000 (16.7% of total units; 95% ClI, 1,481,000-2,072,000) whole blood and RBC
units were leukoreduced after storage and 265,000 (14.4% of total units; 95% CI, 194,000-
336,000) apheresis PLT units were leukoreduced after storage.

3.6.81 PLT-related considerations—Table 21 presents data on the number of
apheresis PLT units collected through single, double, or triple collections for 2017 and 2019.
Total apheresis PLT units collected increased from 2,338,000 units in 2017 to 2,359,000
(95% Cl, 2,240,000-2,477,000) in 2019. In 2017, the percentage of PLT units from single,
double and triple apheresis collections were 23.2%, 46.0% and 30.9%, respectively. In 2019,
the distribution for single, double and triple apheresis PLT collections were 23.1%, 45.1%
and 31.7% of units collected, respectively.

The number of blood collection centers that reported use of PLT additive solution (PAS) to
prepare apheresis PLT units (Table 22) increased from 2017 (n = 12 facilities) to 2019 (n

= 16 facilities). Among these facilities, there was a decrease in the mean number of units
prepared using PAS per facility from 2742 in 2017 to 2349 in 2019. Of the 16 facilities that
reported using PAS to prepare PLT units, 11 were community-based blood centers and the
remaining 5 were hospital-based blood centers.

3.6.91 Plasma-related results—Table 23 provides estimates for the number of plasma
units distributed during 2019 stratified by plasma product type from both whole blood and
apheresis collections. Between 2017 and 2019, plasma units distributed decreased from
3,209,000 units in 2017 to 2,679,000 (95% Cl, 2,525,000-2,833,000) units in 2019. Of the
2,679,000 units distributed, the majority were distributed as PF24 (1,506,000 units; 95%
Cl, 1,318,000-1,694,000). Of the PF24 units, 90% were manufactured from whole blood
collections. The majority of the remaining plasma units were distributed as FFP (680,000
units; 95% ClI, 539,000-820,000 units), with 75% of FFP units manufactured from whole
blood collections. Compared with 2017, FFP units distributed decreased by 30.2% in 2019.
A small proportion of plasma units distributed came from plasma frozen within 24 h after
collection and held at room temperature up to 24 h after collection (PF24RT24) (494,000
units; 95% CI, 438,000-550,000 units) in 2019. There were an additional 152,000 (95% Cl,
131,000-173,000) units of plasma distributed as liquid plasma in 2019, a 83.1% increase
from 83,000 units in 2017.

Table 24 presents the estimated number of plasma components transfused during 2019
and 2017. Overall, plasma units transfused declined from 2374,000 units in 2017 to
2,185,000 (95% Cl, 2,068,000-2,301,000) units in 2019. Among plasma transfusions,
similar distributions were reported for FFP and PF24 units.

Tables 23 and 24 also include estimates for Group AB plasma and cryoprecipitate-reduced
plasma during 2019 and 2017. Of the 2,679,000 plasma units collected, 341,000 units
(12.7%; 95% CI, 311,000-370,000) were of AB plasma. Of the 2,185,000 units transfused
in 2019, 255,000 (11.7%; 95% Cl, 226,000-283,000) units were from AB plasma.
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Cryoprecipitate-reduced plasma units collected during 2019 decreased from 118,000 units in
2017 to 30,000 (95% ClI, 23,000-38,000) units in 2019.

3.6.10 1 Granulocyte collection and transfusion—National estimates of
granulocyte units distributed and transfused for 2019 and 2017 are reported in Table 25.
During 2019, blood collection centers recorded 1857 (95% ClI, 764-2951) granulocyte units
distributed, a 54.3% decrease compared with the 4062 (95% CI, 1809-6315) units estimated
for 2017. The number of granulocyte units transfused in 2019 was 2215 (95% ClI, 1132—
3299), a 29.0% increase from 2017 estimates (1717 units; 95% CI, 1000-2433). Blood
collection centers were also asked if they used hematopoietic growth factor mobilization for
granulocyte collections in 2019. Of 112 facilities that responded to the question, 10 (8.9%)
reported using hematopoietic growth factor mobilization for granulocyte collections.

3.6.11 1 Inventory, dosing, and supply considerations—A summary of the
guidelines used by transfusing hospitals for routine dosing of plasma, prophylactic PLT,
and therapeutic PLT transfusions for non-pediatric patients is presented in Table 26. In
2019, 66.7% of transfusing hospitals used dosages based on the level of coagulation factor
deficiency, INR, or degree of bleeding for plasma and 64.8% and 68.5% of transfusing
hospitals used dosages based on the level of thrombocytopenia or level of bleeding for
prophylactic and therapeutic PLTs, respectively. These are similar to the percentages
described in 2017. Weight-based dosing was more common for plasma transfusions (5.5%)
than for PLT transfusion (2.9% for prophylactic PLTs and 2.9% for therapeutic PLTS). In
contrast, dosage based on a standard number of units regardless of weight was more often
reported among PLT transfusions (13.9% for prophylactic PLTs and 12.3% for therapeutic
PLTs) than plasma (10.3%), similar to reports for 2017. Of the remaining facilities, less than
one-fifth reported using dosage criteria based on other factors (17.5% for plasma, 18.4%
for prophylactic PLTs, and 16.2% for therapeutic PLTs), a slight decrease compared with
reports from 2017.

Table 27 presents the distributions of RBC, whole blood-derived PLTs and apheresis PLT
units by unit age at time of transfusion. Between 2017 and 2019, the percentage of RBC,
whole blood-derived PLT, and apheresis PLT units by age at time of transfusion did not
change substantially. Most apheresis PLT units (59.2%) were 4-5 days old at transfusion
in 2019, with 38.5% of apheresis PLT units being 1-3 days old. These distributions were
similar to reports from 2017. In 2019, facilities reported 2.4% of apheresis PLT units were
aged 6 or 7 days old during transfusion, similar to reports in 2017.

Table 28 describes the mean percentage of group O+ and O- units processed, distributed,
transfused, and outdated. In 2019, blood centers reported that 35.2% of processed RBC units
were O+ and 8.9% were O-. The percentage of group O RBC units distributed includes
37.1% for O+ and 11.4% for O-, slightly higher than the percentage processed. Group O+
and O— RBCs accounted for 9.5% and 4.6% of RBC outdates, respectively. Group O+ and
O- RBCs units comprised a smaller percentage of outdates compared with processed units.
These values were relatively similar to those reported in 2017. Among units transfused, O+
and O— RBC units accounted for 41.3% and 11.6% of all RBC transfusions, respectively,
largely unchanged from estimates reported in 2017. Among all Group O RBC outdates
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reported by transfusing facilities, 16.7% were O+ and 12.9% were O—, which was less than
the proportion transfused.

Table 29 presents the mean number of group O RBC units on the shelf and considered
critically low stratified by number of inpatient surgical operations. The mean number of
group O RBC units on shelf on an average weekday was similar between 2017 and 2019
among hospitals of all inpatient surgical volume categories. From 2017 to 2019, there was
a minimal increase in the mean number of group O RBC units at which the supply is
considered critically low among hospitals of all inpatient surgical volume categories.

National estimates of the number of crossmatch procedures performed on whole blood and
RBCs during 2019 and 2017 are reported in Table 30. The total number of crossmatch
procedures performed on whole blood/RBCs were estimated to be 15,562,000 (95% Cl,
14,547,000-16,578,000) in 2019, which represented a slight decrease compared with the
15,747,000 procedures reported in 2017. There was an increase in the percentage of
crossmatch procedures performed electronically from 47.6% in 2017 to 59.1% in 2019.

Pediatric transfusions

During 2019, respondents at 815 of 2140 hospitals (38.1%) reported that their hospitals
transfused blood to pediatric (e.g., aged >4 months) or neonatal (e.g., aged <4 months)
patients. Table 31 presents both the number of adult-equivalent units used in whole or in part
for pediatric and neonatal patients and the number of pediatric or neonatal recipients. There
was a non-statistically significant increase by 7.1% in the number of whole blood and RBC
units transfused to pediatric and neonatal patients from 378,000 units in 2017 to 405,000
(95% Cl, 299,000-511,000) units in 2019. There was also a non-statistically significant
increase in the number of pediatric and neonatal recipients from 92,000 recipients in 2017 to
117,000 (95% Cl, 74,000-160,000) recipients in 2019. Over two-thirds (272,000 units; 95%
Cl, 179,000-365,000) of whole blood or RBC units were transfused to pediatric patients
while the remaining units (133,000 units; 95% CI, 108,000-158,000) were transfused

to neonates. In 2019, pediatric patients represented a greater share of recipients (77,000
recipients; 95% CI, 38,000-117,000) than neonatal patients (40,000 recipients; 95% ClI,
32,000-47,000). PLT and plasma-related transfusion data to pediatric patients are further
described in Table 31.

Table 32 describes data from 813 facilities that responded to a question on neonatal aliquot
production. Of these facilities, 465 (57.2%) reported neonatal aliquots were made using

a syringe from a full-size unit, which was comparable to 2017 (55.8%). Among the 813
facilities responding, 411 (50.6%) reported using pedipacks1 for neonatal transfusions,

a slight increase from 2017 (46.5%). Of the 773 facilities that answered, 647 (83.7%)
attempted to use aliquots from the same full-size unit for transfusions for an individual
neonatal patient, a slight increase from reports in 2017 (82.5%).

1A pedipack is a small RBC pack, intended for neonatal transfusion, into which a parent component is divided.
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Transfusion-related adverse reactions

Table 33 presents the number of transfusion-related adverse reactions requiring any
diagnostic or therapeutic intervention and rates of reactions per 100,000 components
transfused reported in 2017 and 2019. During 2019, there were 293.7 reactions per 100,000
units transfused (95% CI, 273.0-314.3) requiring any diagnostic or therapeutic intervention,
compared with 281.8 reactions per 100,000 units transfused in 2017. A continued decrease
in the rate of life-threatening adverse reaction has been observed since 2015 when 9.4
reactions per 100,000 units transfused were reported.18 Since 2015, the rate of these
reactions has declined to 4.7 reactions per 100,000 units transfused in 2017 and to 2.7
reactions per 100,000 units transfused in 2019 (95% CI, 0.8-4.6).

Most adverse reactions occurred at similar rates in 2017 and 2019, with overlap between
number of reactions reported in 2017 and 95% CI for 2019 (Table 33). Rates of transfusion-
associated circulatory overload increased from 11.7 reactions per 100,000 transfusions in
2017 to 13.4 reactions per 100,000 transfusions in 2019 (95% CI, 11.9-14.9), which was the
largest absolute increase in rate among all reaction types. In 2019, rates of bacterial, viral,
and parasitic TTIs were 0.35 (95% CI, 0.17-0.54), 0.021 (95% CI, 0-0.051) and 0.023 (95%
Cl, 0-0.054) reactions per 100,000 units transfused, respectively. From 2017 to 2019, higher
rates of bacterial TTIs were reported while rates of parasitic and viral TTls decreased.

41 DISCUSSION

4.11

This report provides nationally representative data related to blood collection and utilization
as reported to the 2019 NBCUS. Blood is a critical component to life-saving therapy for
patients, and continued monitoring of blood collection and utilization is vital to protect the
blood supply and for emergency preparedness and planning.1’

Donor characteristics

The donor population continued the trend toward a lower proportion of younger donors. The
proportion of total donations by donors who were aged 16-65 years decreased between 2017
and 2019, similar to the trend observed between 2015 and 2017, with the greatest decrease
observed among donors aged 19-24 years followed by donors aged 16-18 years.” Donor
recruitment previously prioritized younger donors (<20 years) to improve retention and
facilitate increased blood supply with a substantial increase seen among donors in this age
group in the United States during 2001-2015.8:18.19 However, the decline observed in recent
years might reflect changes to recruitment practices due to concerns that donor-related
adverse event rates are higher among younger donors than older donors.20 A decrease in
younger donors and increase in donors aged =65 years indicates the overall donor population
is aging, which might present a risk to maintaining an adequate blood supply. There is

no upper age limit for blood donation and the efficacy of blood transfused from donors

aged >65 years is comparable to that of younger donors.18:21 However, older donors may
eventually become too medically frail to donate. Therefore, implementation of innovative
strategies to recruit and maintain younger donors are necessary.19
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The NBCUS does not include source plasma centers as part of the survey sample.
However, one additional consideration may be that monetary incentives, primarily for
plasma donations, may result in more new donors for source plasma donations than for
community blood centers.22 As the number of sites for source plasma donations increases,
further monitoring is necessary to assess the impact on the ability of blood centers to
recruit and maintain younger donors who may eventually replace an aging blood donor
population.22 Apheresis PLT and plasma products are typically collected at fixed sites and
require more time for donation compared with other blood products, which may contribute
to the increased age of these donors and difficulty in recruiting younger donors.23

Between 2017 and 2019, the number of donations from racial and ethnic minority donors
increased. Several conditions, notably sickle cell disease, require frequent blood transfusions
and are more common in racial and ethnic minority populations.24 Recruitment of donors
from racial and ethnic minority groups is necessary in order to the reduce the possibility

of alloimmunization or to provide better matching for rare blood groups. Although these
populations continue to be underrepresented among blood donors in the United States,

the percentage of white first-time and repeat donors has decreased between 2006 and

2015 largely attributable to an increase in Hispanic or Latino donors.2> As the U.S.
population becomes more diverse, increasing the number of donations from racial and ethnic
minority donors is important to ensure adequate blood availability and decrease the risk of
alloimmunization among populations who may have rare blood types.

Donor deferrals and vital signs

Women were more commonly deferred from donation than men in 2019, mostly attributable
to low hemoglobin/hematocrit, similar to previous years.” Increased deferrals due to low
hemoglobin/hematocrit among women can be attributed to the impact of menstruation and
pregnancy which can result in lower hemoglobin and iron stores.28 Iron supplementation has
been demonstrated to reduce deferrals due to low hemoglobin among women and frequent
donors.27:28

Substantial numbers of persons presenting to donate were deferred due to pulse or blood
pressure measurements. Current recommendations include physician evaluation for donors
with pulse or blood pressure outside established ranges. Additional study is necessary to
determine the impact of measuring pulse rates before blood donation on donor safety.29:30
Outside of the United States, blood centers including Canadian Blood Services (CBS)

and LifeBlood in Australia have observed limited impact on donor safety of deferring
donors for out of range blood pressure.3! In those studies, pre-donation blood pressure
was not predictive of vasovagal reactions.3! Similarly, in the United States, considerations
to reassess the need for pre-donation pulse and blood pressure requirements have been
proposed, including to limit these requirements to specific donors who may be at higher risk
of adverse events, or to allow blood center medical directors to approve protocols allowing
for donations from otherwise healthy donors who may have out-of-range blood pressure or
pulse measurements at the time of pre-donation assessment.31

The number of donor deferrals associated with MSM were similar in 2017 and 2019.
Deferrals for tattoos/piercings continued to increase in 2019, likely related to the prevalence
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of tattoos increasing in the United States over the years.32 Women were more likely to be
deferred for tattoos or piercings. Although deferrals for tattoos and piercings are reported in
aggregate, women are generally more likely to have body piercings than men while tattoos
tend to be distributed similarly among men and women.32 In response to the impact of the
COVID-19 pandemic on the blood supply, in April 2020, the FDA shortened the deferral
period for MSM-associated reasons, tattoos and piercings, and travel to malaria-endemic
areas (for residents of malaria non-endemic countries) from 12 to 3 months.34 Additionally,
donations from donors with travel to malaria-endemic areas can now proceed if collected
with an approved pathogen reduction device. Furthermore, other recent changes to deferral
policy include elimination of deferral for travel to certain countries associated with a risk
for Creutzfeldt-Jakob Disease or Variant Creutzfeldt-Jakob Disease.3> CDC and OASH will
continue to monitor the impact of donor deferral changes on the blood supply.

Platelet transfusions and bacterial contamination

Bacterial contamination of PLTs continues to be the highest risk for transfusion-transmitted
infection in the United States.3® The use of bacterial mitigation interventions such as PRT
can greatly reduce the risk of sepsis from bacterial contamination of PLTs.36 However, in
2019, adoption of PRT remained low. Only about 10% of the available supply of PLTs were
subjected to PRT in 2019. Additionally, adoption of secondary bacterial testing, another
strategy which may reduce the risk of sepsis from bacterial contamination of PLTs, remained
low in the 2019. Furthermore, since 2015, the use of culture-based secondary testing has
declined while rapid immunoassay use has increased.1® When compared with secondary
rapid testing, secondary culture can have an almost 10x higher residual bacterial detection
rate after primary culture.3” These findings suggest that additional adoption of bacterial
risk mitigation methods may further prevent morbidity and mortality among transfusion
recipients in the United States. Some recent encouraging steps have occurred including the
introduction of a more sensitive and efficient rapid immunoassay and planned expanded
adoption of PRT for apheresis PLT in the United States.38-41

Transfusion-associated adverse reactions

The decrease in the rate of life-threatening adverse reactions reported in 2019 is an
encouraging sign of improved transfusion recipient safety in the United States and may be
attributable to continued adoption of safety measures to prevent transfusion-related adverse
reactions along with standardization among reporting that improves early identification

of reactions.*? Increased adoption of PAS, which replaces approximately 65% of plasma
volume, could further prevent the risk of serious adverse reactions associated with high
plasma volume products including acute hemolytic transfusion reactions and transfusion-
related acute lung injury.43-45 With the adoption of additional bacterial risk mitigation
methods and molecular genotyping, serious adverse reactions may continue to decline in the
United States. Future NBCUS surveys will continue to collect data on adverse reactions.
Participation in national hemovigilance efforts, such as the National Healthcare Safety
Network (NHSN) Hemovigilance Module, allows for a more effective method of monitoring
transfusion recipient safety nationally due to the use of a standardized protocols, case
definitions, and systematic reporting of transfused components and adverse reactions.*6
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Limitations

The findings of this study are subject to the following limitations. First, the 2019 NBCUS
was disseminated during the period when the COVID-19 pandemic affected hospitals and
blood collection centers, which likely caused the decrease in the hospital response rate
compared with the 2017 survey. Additionally, the COVID-19 pandemic might have affected
data quality in ways that cannot be easily quantified and would not be encapsulated by

the confidence intervals presented (e.g., respondents had less time to verify responses).
Second, data collected from NBCUS are self-reported by facilities. A limited number of
blood centers were contacted for clarification of reported data when data quality protocols
revealed potential discrepancies or missing information among responses. Additionally, this
year was the first NBCUS administered using REDCap and the associated changes in
question formatting may have resulted in differing interpretations. Third, to account for
non-responses and missing data, national estimates were produced using imputation and
weighting and any errors related to these methods are expressed within confidence intervals.
Finally, the 2019 NBCUS sampling frame was created using annual inpatient surgical
operations collected from the 2017 AHA annual survey database. While this was the most
recent data available, subsequent changes occurring among hospitals would not have been
captured and may have resulted in inaccurate stratification. Any impact on these findings
cannot be quantified but is likely to be minimal.

51 CONCLUSION

The COVID-19 pandemic had a substantial impact on the healthcare delivery in the United
States and likely had substantial impact on blood collection and use in the United States

in 2020. While these data were not available for this present report which was limited to
2019, a recent study has quantified the impact of the initial COVID-19 pandemic period

on blood utilization among hospitals consistently participating in the NHSN Hemovigilance
Module.4” The next iteration of NBCUS, which will capture 2021 calendar year data,

will also include variables to ascertain the impact of the COVID-19 pandemic on blood
collection and utilization in 2020.

Abbreviations:

CDC centers for disease control and prevention

FFP fresh frozen plasma

MSM men having sex With men

NBCUS national blood collection and utilization survey
OASH officer of the assistant secretary of health

PLT platelets

PRT pathogen reduction technology

RBC red blood cells

Transfusion. Author manuscript; available in PMC 2021 September 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mowla et al.

Page 19

REFERENCES

1

10.

11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

. Jersild CBlood transfusion services. International encyclopedia of public health; Kidlington, Oxford,

UK: Academic Press; 2017. p. 247-53.

. Chung KW, Basavaraju SV, Mu Y, van Santen KL, Haass KA, Henry R, et al.Declining blood

collection and utilization in the United States. Transfusion. 2016;56:2184-92. [PubMed: 27174734]

. Ellingson KD, Sapiano MRP, Haass KA, Savinkina AA, Baker ML, Chung KW, et al.Continued

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

. Jones JM, Sapiano MRP, Savinkina AA, Haass KA, Baker ML, Henry RA, et al.Slowing decline in

blood collection and transfusion in the United States—2017. Transfusion. 2020;60(Suppl 2):S1-9.

. Office of Infectious Disease and HIV/AIDS Policy. Recommendations of the

48th ACBTSA meeting. Washington, DC: U.S. Department of Health and Human
Services. 2015. https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/
recommendations/2016-11-28/index.html. Accessed 1 May 2021.

. Jones JM, Sapiano MRP, Mowla S, Bota D, Basavaraju SV. Has the trend of declining blood

transfusions in the United States ended? Findings of the 2019 National Blood Collection and
utilization survey. Transfusion. 2021. 10.1111/trf.16449.

. Sapiano MRP, Jones JM, Savinkina AA, Haass KA, Berger JJ, Basavaraju SV. Supplemental

findings of the 2017 National Blood Collection and utilization survey. Transfusion. 2020;60(Suppl
2):817-37.

. Sapiano MRP, Savinkina AA, Ellingson KD, Haass KA, Baker ML, Henry RA, et al.Supplemental

findings from the National Blood Collection and utilization surveys, 2013 and 2015. Transfusion.
2017;57(Suppl 2):1599-624. [PubMed: 28591471]

. Food and Drug Administration. Biologics establishment

registration. https://www.fda.gov/vaccines-blood-biologics/guidance-compliance-regulatory-
information-biologics/biologics-establishment-registration. Accessed 1 May 2021.

American Hospital Association. American Hospital Association Annual Survey. https://
ahasurvey.org/taker/asindex.do. Accessed 1 May 2021.

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

He Y, Raghunathan R. Tukey's gh distribution for multiple imputation. Am Stat. 2006;60:251-6.
Pigott TA 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. https://www.hhs.gov/about/
agencies/iea/regional-offices/index.html. Accessed 1 May 2021.

Savinkina AA, Haass KA, Sapiano MRP, Henry RA, Berger JJ, Basavaraju SV, et al. Transfusion-
associated adverse events and implementation of blood safety measures—findings from the 2017
National Blood Collection and utilization survey. Transfusion. 2020;60(Suppl 2):S10-6.

Office of Infectious Disease and HIV/AIDS Policy. Advisory Committee on Blood and

Tissue Safety and Availability Meeting; August 26, 2020 to August 27, 2020; Washington,

DC: Summary and Recording. https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-
availability/meetings/2020-08-26/index.html. Accessed 1 May 2021.

Goldman M, Steele WR, Di Angelantonio E, van den Hurk K, Vassallo RR, Germain M, et
al.Comparison of donor and general population demographics over time: a BEST collaborative
group study. Transfusion. 2017;57:2469-76. [PubMed: 28871601]

Zou S, Musavi F, Notari EPT, Fang CT, ARCNET Research Group. Changing age distribution

of the blood donor population in the United States. Transfusion. 2008;48:251-7. [PubMed:
18005327]

Bloch EM, Mast AE, Josephson CD, Klein HG, Eder AF. Teenage blood donors: are we asking too
little and taking too much?Pediatrics. 2017;139(4):e20162955. [PubMed: 28258073]

Transfusion. Author manuscript; available in PMC 2021 September 15.


https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/recommendations/2016-11-28/index.html
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/recommendations/2016-11-28/index.html
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://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
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/meetings/2020-08-26/index.html
https://www.hhs.gov/oidp/advisory-committee/blood-tissue-safety-availability/meetings/2020-08-26/index.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mowla et al.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 20

Edgren G, Ullum H, Rostgaard K, Erikstrup C, Sartipy U, Holzmann MJ, et al.Association
of Donor age and sex with Survival of patients receiving transfusions. JAMA Intern Med.
2017;177:854-60. [PubMed: 28437543]

Shaz BH, Domen RE, France CR. Remunerating donors to ensure a safe and available blood
supply. Transfusion. 2020;60(Suppl 3):S134-7. [PubMed: 31872904]

Stubbs JR, Homer MJ, Silverman T, Cap AP. The current state of the platelet supply in the US

and proposed options to decrease the risk of critical shortages. Transfusion. 2020;61(1):303-12.
[PubMed: 33098328]

Makin JK, Francis KL, Polonsky MJ, Renzaho AMN. Interventions to increase blood donation
among ethnic/racial minorities: a systematic review. J Environ Public Health. 2019;2019:6810959.
[PubMed: 31143209]

Yazer MH, Vassallo R, Delaney M, Germain M, Karafin MS, Sayers M, et al.Trends in age and
red blood cell donation habits among several racial/ethnic minority groups in the United States.
Transfusion. 2017;57:1644-55. [PubMed: 28370164]

Newman Blron depletion by whole-blood donation harms menstruating females: the current
whole-blood-collection paradigm needs to be changed. Transfusion. 2006;46:1667-81. [PubMed:
17002622]

. Mast AE, Langer JC, Guo Y, Bialkowski W, Spencer BR, Lee TH, et al.Genetic and behavioral

modification of hemoglobin and iron status among first-time and high-intensity blood donors.
Transfusion. 2020;60:747-58. [PubMed: 32163187]

Zalpuri S, Romeijn B, Allara E, Goldman M, Kamel H, Gorlin J, et al.Variations in hemoglobin
measurement and eligibility criteria across blood donation services are associated with differing
low-hemoglobin deferral rates: a BEST collaborative study. Transfusion. 2020;60:544-52.
[PubMed: 32034925]

Eder A, Goldman M, Rossmann S, Waxman D, Bianco C. Selection criteria to protect the

blood donor in North America and Europe: past (dogma), present (evidence), and future
(hemovigilance). Transfus Med Rev. 2009;23:205-20. [PubMed: 19539875]

Food and Drug Administration. Requirements for blood and blood components intended for
transfusion or for further manufacturing use. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfcfr/CFRSearch.cfm?CFRPart=630&showFR=1. Accessed 1 May 2021.

Does assessing vital signs contribute to blood donation safety?Joint Session of the Donor
Hemovigilance Working Group and Donor Health and Safety Committee, in AABB 2020. 2020.

Breuner CC, Levine DA, Committee on Adolescence. Adolescent and young adult tattooing,
piercing, and scarification. Pediatrics. 2017;140(2):20173630.

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]

Food and Drug Administration. Revised recommendations for reducing the risk of human
immunodeficiency virus transmission by blood and blood products. 2020. https://www.fda.gov/
media/92490/download. Accessed 1 May 2021.

Food and Drug Administration. Revised recommendations to reduce the risk of transfusion-
transmitted malaria. https://www.fda.gov/media/72243/download. Accessed 1 May 2021.

Levy JH, Neal MD, Herman JH. Bacterial contamination of platelets for transfusion: strategies for
prevention. Crit Care. 2018;22:271. [PubMed: 30367640]

Walker BS, White SK, Schmidt RL, Metcalf RA. Residual bacterial detection rates after primary
culture as determined by secondary culture and rapid testing in platelet components: a systematic
review and meta-analysis. Transfusion. 2020;60:2029-37. [PubMed: 32757411]

Food and Drug Administration. Bacterial risk control strategies for blood collection

establishments and transfusionservices to enhance the safety and availability of platelets

for transfusion. https://www.fda.gov/regulatory-information/search-fda-guidance-documents/
bacterial-risk-control-strategies-blood-collection-establishments-and-transfusion-services-enhance.
Accessed 1 May 2021.

American Red Cross. The American Red Cross approach to
platelet safety: Implementation plan for FDA bacterial control strategies.

Transfusion. Author manuscript; available in PMC 2021 September 15.


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=630&showFR=1
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=630&showFR=1
https://www.fda.gov/media/92490/download
https://www.fda.gov/media/92490/download
https://www.fda.gov/media/72243/download
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/bacterial-risk-control-strategies-blood-collection-establishments-and-transfusion-services-enhance
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/bacterial-risk-control-strategies-blood-collection-establishments-and-transfusion-services-enhance

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mowla et al.

40.

41.

42.

43.

44,

45.

46.

47.

Page 21

715, 2020. https://www.redcrosshlood.org/content/dam/redcrossblood/hospital-page-documents/
red_cross_approach_to_platelet_safety rcb__july 15 2020.pdf. Accessed 1 May 2021.

Vallejo RP, Shinefeld L, LaVerda D, Best N, Lawrence G, Lousararian A, et al.Performance profile
of an updated safety measure rapid assay for bacteria in platelets. Transfusion. 2020;60:2622-32.
[PubMed: 32743810]

American Red Cross. The American Red Cross approach to

platelet safety updated implementation plan for FDA bacterial control

strategies. https://www.redcrossblood.org/content/dam/redcrosshlood/hospital-page-documents/
red_cross_approach_to_platelet_safety hospital_notification__dec_23_2020.pdf. Accessed 1
May 2021.

Roubinian N, Kleinman S. Building consensus: steps toward standardised haemovigilance
reporting. Lancet Haematol. 2019;6:e339-40. [PubMed: 31080133]

Cohn CS, Stubbs J, Schwartz J, Francis R, Goss C, Cushing M, et al.A comparison of adverse
reaction rates for PAS C versus plasma platelet units. Transfusion. 2014;54:1927-34. [PubMed:
24735171]

Dunbar NM. Current options for transfusion-related acute lung injury risk mitigation in platelet
transfusions. Curr Opin Hematol. 2015;22:554-8. [PubMed: 26390161]

Mertes PM, Tacquard C, Andreu G, Kientz D, Gross S, Malard L, et al. Hypersensitivity transfusion
reactions to platelet concentrate: a retrospective analysis of the French hemovigilance network.
Transfusion. 2020;60:507-12. [PubMed: 30907010]

Kracalik I, Mowla S, Basavaraju SV, Sapiano MRP. Transfusion-related adverse reactions: data
from the National Healthcare Safety Network Hemovigilance Module—United States, 2013-2018.
Transfusion. 2021;61:1424-34. [PubMed: 33880771]

Kracalik I, Mowla S, Katz L, Cumming M, Sapiano MRP, Basavaraju SV. Impact of the early
COVID-19 pandemic on blood utilization in the United States: a time-series analysis of data
reported to the National Healthcare Safety Network Hemovigilance Module. Transfusion. 2021.
10.1111/rf.16451.

Transfusion. Author manuscript; available in PMC 2021 September 15.


https://www.redcrossblood.org/content/dam/redcrossblood/hospital-page-documents/red_cross_approach_to_platelet_safety__rcb__july_15_2020.pdf
https://www.redcrossblood.org/content/dam/redcrossblood/hospital-page-documents/red_cross_approach_to_platelet_safety__rcb__july_15_2020.pdf
https://www.redcrossblood.org/content/dam/redcrossblood/hospital-page-documents/red_cross_approach_to_platelet_safety__hospital_notification__dec_23_2020.pdf
https://www.redcrossblood.org/content/dam/redcrossblood/hospital-page-documents/red_cross_approach_to_platelet_safety__hospital_notification__dec_23_2020.pdf

Page 22

Mowla et al.

‘(Arenuue saunpasoud [eaifins jusiedul 66EZ—00T) € AloBa1e) uoiresado [ea1bins Jo 94188 pue ‘(Ajfenuue sainpasoud
1ea16uns waiedul 66£T-000T) Z A10bBare) uonelado [ea1bins Jo 9498 ‘(Ajlenuue sainpadosd [ealbins Juairedul 000T-666) T AloBare) uolelado [ed16Ins J0 949°ZE 40 ajdwes e papnjoul ASAINS G002 mg._.m

‘(Ajrenuue sainpasold

[ea1buns juairedul 66£T-000T) Z A1oBared uonelado [ea1bins 0 9499 pue (Ajjenuue sainpadoldd [ea1fbins yusnedul 000T—666) T A10681e0 uonesado [ea16INS JO 94EE JO ajdwes e papnjoul ASAINS 2002 ms._w

‘(Ajrenuue sainpaoold Jeaifuns jusiedul 000T—666) T A10631eD uonesado [8a16INS JO 94EE JO aldwes e papnjoul ASAINS 6002 mc._.m

"pajduwes Jou alam asay) pue ‘sjedsoy GTEE 0 0T 104 d|qR[IEABUN S UOITRWIOUI 1981U0d Ing ‘Burjdwes asn jou pIp AsAIns £T0Z mE._.\V
'srendsoy (Ajrenuue sainpadsoud [eaibins Juairedul 666—-00T) T Alobare) uonelado [ea161ns J0 9,0f 40 ajdwies e papn|oul SABAINS 6TOZ PUR ‘2T0Z ‘STOZ ‘TT0Z mc._.u
'S18]U8d U01398]109 pased-|eydsoy Jo Jaquinu anbiun ay) 1odal Jou pIp TTOZ 840489 PalONPUOd m>mE:mc

‘11025002
10} 3|ge]IeAR JOU SBM SI8)Ua2 UoI99]|09 Bulpuodsal [enplAIpul JO Jaquuinu 8y "3unod AMj1oe) [€10] 118U} Ul SI81USD UOI1I3]|02 JO SIa3uaagns [euoiBbal papnjoul (TT02-5002) 99VYV Ag pa1onpuod m>w>5mm

5(L962/3€LT) ,(8862/5€81) ,(90T€/359T) (TTEE/ELYT) pBrae/eeeT) L WTTERTED) ,(020€/8852) ,(1962/9922)
%585 %19 %E'€S %Sy %S VE %Z L %L'S8 %8'9L  8yel 8suodsal |[e1en0
4(52821709T) ,(8v82/20.T) ,(0.62/625T) ,(GLTE/2YET) p(G0EE/OTT) ,(2682/8€T2) ,(Lr82/SEVT) ,(8082/07T2) (poolq
%8'95 %6'65 %S TG %E'TY %E €L %6'€L %558 %z'9.  Buizinn) sfendsod
$I8)UBJ UOI1I3||0
gvN gvN gvN gvN (esT/e9) %eTy  (2vT/20T) %8'TL (801/26) %2'S8 (06/92) %78 paseq-[eydsoH
o b e oo $18)U82 UOI109]|02
(erTTED) %E26  (,Ov1/82T) %v'T6  (,SET/92T) %E'e6  (,9ET/TET) %E'96 (16/65) %879 (08/22) %006 (9/T9) %8'S6 (65/08) %EV6  PaSeq-AILUNIILIOD
5002 2002 6002 1102 €102 5102 2702 6102 adAy Aujroe

Author Manuscript

6T02—5002 ‘S[endsoy pue siajusd poojq Buowe sayes asuodsas AaAINS UOIRZI|NN PUR UOII3]|0D POo|g [euoieN

T31avl

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 September 15.

ipt;

on. Author manuscr

usl

Transfi



Page 23

Mowla et al.

lvlSc CE€S  LvIvE €L vv/SE  G'6L ve/6C €68 1eak Jsad sa11aBins diow 10 0008 $19)U3D UO1199][09 Paseq-[eNdsoH
€6/€€ G'S€  €8/19 G'€L Sy/i6E  L'98 LE/TE 8'E8 Teak 1ad sa11a6uns 666.-000T $13)U82 U0I93][09 pased-[eNdsoH
€1/ 98¢ ¢l/L €8S 6T/8T L'¥6 6T/9T <C'¥8 Teak Jad sa11afins 0OOT Uey) sso $13)JU82 U01393] |09 pased-[eNdsoH

viv 0°00T S/S 0°00T €/e 0°00T S/S 0°00T  Jeak Jad suo13a9]|02 DY 8I0W 10 000'00F  SISIUBI UONIB[|0D Paseq-ANunwwod
L€ 6°cy vIE 0'GL 9/9 0°00T 1714 0°00T  Jeak sad suonos||od D9y 000'66€-000°00Z  SI8IUBI UONIB||0D paseg-Alunwwod
Te/EC YL T€/le 1.8 9¢/S¢ 296 6T/6T 0°00T Jeak 1ad suo1Y8100 OGY 000'66T-000°0G  SI8IUSD LUONDB||09 paseg-Alunwiiod
16/6¢ 699 ov/LE G'¢6 0€/Lc 006 G¢/ee 088 Jeak 1ad suonos(100 DGY 000'0G UBYI SS9 SI8IUSD UOIIB[|0D Paseq-ANunwwo)
N/u % N/u % N/U % N/U % eleas adA1 A1j10e4

€10¢ §10¢ L10¢ 610¢

6T0Z—-ST0Z ‘suoneiado [eaibins usiredul
[enuue pue sUOI98[|02 DFY JO BWNJOA [enuue Ag pPaljileas sailj1oe) U0IIa||0d Buowe sarel asuodsal A3AINS UOITRZI|IIN PUB UOID3||0D poo|g [euoiieN

¢ 31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 24

Mowla et al.

"pajdues Jou aJam asay} pue ‘sje)dsoy GT6E 40 0T9 J0) 3|qe|ieABUN SeM UOITBWIOJUI 10BIU0D INg ‘Buljduues asn Jou pip AeAIns €102 auL,

cee/l8 §'LE
TIE/L6  C'TIE
§9//6T¢ 98¢
19G/SST  €'/L¢
90v/LTT  8'8¢
¥E9T/92y  T'9¢
N/u %

SE102

Leefelt  8SL 61¢/e6T  L'[8  LEC/TOC 818
66¢/S¢c¢  €'GL ¢8¢/1S¢ 068 18¢/T¢cc 98L
Lelllys  ¢SL TelTT9 L'v8  289/5¢S  0'LL
G/S/9Ty €¢L 88S/V0S L'S8 68S/¢Sy L9
16€/€8¢ Vv'¢L vOv/cSE T8 0S€/cSc 0¢L
€19/S6v 9'€L €E9/SCS 6'¢8 699/687 TEL
N/u % N/u % N/u %
§10C L10¢ 610C

sa1ab.ns aiow 10 0008
sa119bINs 666/.—-000G
sa118bINs 66670012
sa118b1ns 66£2-001T
sa119bINs 66E£T-000T

salebins 666—00T

Aa06ayed suoiresado [ealfing

6T0Z—ST0Z ‘suoneiado eaibins usiredul fenuue Aq paijines sanijioe) Buisnjsuesy Buowe sayel asuodsal ASAINS UONEZI|NN PUe UOIJ3]|0D Po0|g [euolleN

Author Manuscript

€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 25

Mowla et al.

“pajdues 10U 8Jam asay) pue ‘sjendsoy GT6E 40 0TI J0) 8]qe|IeABUN SEA UOITBWIOUI 10BIU0D INg ‘Buljduues asn Jou pip AsAIns £T0Z auL,

ST6E/TOTT T2
69TI0Y  L'€2
oveIl TS
06T/8E 002
zoL 192
LiS/e8T  GTE
wLTOZ 692
LLLIST  Y'Se
LEEHTT  8EE
VEZLL 6T
LUTI0L S6E
NU %
SE10¢

¢68¢/8E€Tc  6'€L Lv8e/SE€ye 'S8  808¢/0VTC ¢'9L
€CT/E6 9'6.  0¢T/e0T 098  €¢T/v6 9L
09¢€/vee 099 €9€/¢8¢ 6'6L C9g/SPeC L'19
0¢T/16 8'G. 0TT/L6 ¢'88 ETT/18 L'TL
991/8TT TTL  T9T/SPT T06 VIT/VET L'T8
00v/18¢ €0L 66£/9TE ¢'6L  €6£/€8¢C 0¢L
L2S/L0Y ¢'LL  0TS/LEY L'S8  L0S/80v §'08
08G/9¢¥ ¢'SL ¥89/96Y 6'¥8  L9S/CTy Lel
6.¢/61¢ §'8L L12[eSe 076 €9¢/00¢C 092
§0¢/99T G'08 L0¢/68T €T6 06T/VLT 9'T6
CETIV6 ¢TL  9CT/6TT ¥'v6  9¢1/60T §'98
N/u % N/u % N/u %

S10¢ L10¢ 610C

suoibai ||

(WM 90 ‘al "MV) 01

(AN ‘IH 'v0 'ZV) 6

(AM LN ‘as ‘anN ‘LN '02) 8
(3N 'O 'SH V1) L

(X1 "0 ‘AN 'V 'dv) 9
(IM "HO ‘NI 'IN NI §
(NL'DS 'ON ‘SN ‘AM 'VD 14 IV) ¥
(AM ‘WA 'vd ‘A ‘3@ *0Q) €
(ANTN) 2

(LA 14 'HN '3N 'VIA 'LD) T
uoibat SHH

6T02—-ST0Z ‘uoibal SHH Aq paurens sanijioe) Buisnjsuel) Buowe sajes asuodsal A3AINS UOIIRZI|IIN PUB UOINI8[|0D POO|g |BUONBN

Author Manuscript

¥ 31avL

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 26

Mowla et al.

Author Manuscript

"30U0 PaIUN0J AJuo a1e TOZ BuliNp awn T< pareuop oym siouop yeaday

D

NSIAI LI X35 Py OYM S0U) 3pNJOUI PaLiafap safewad,

“UBL YIM X3S dARY OUM USW = _>_m_>_Q

'siouop snofiojoine pue pajoaiIp sepnjox3,

TL-
8'¢-
8'GL
4>
6Ly
6'¢ec-
4
€'€9-
§'e-
8'L¢
V-

L102-610C
abueyd 94

81T V'1¢
e ¥4
Sy 89
80 90
4] €0
S0¢c 8L
1T <11
(44 6¢
8ty TEY
LT0C¢  6T0C
S[eliajap
|€101 JO %

8T0'vT
14414
T0E

19

yitT

0¢

€¢S
88¢
99
STTT

L10C
‘leloL

(9/G'€T-19%'2T) 220'ET  8L€9 7799
(6882-9502) 2/¥C 8291 4%
(€29-98¢) 625 gee 96T
(82-8Y) €9 )% LT
(L62-08) 69T z8 18
(LT-¥T) ST 9 6
(8-9) L ot 9
(0£2-¥ST) 26T 80T 8
(S0e-152) 8.2 T veT
(61-19) 2L Ge L€
(#€TT-666) 990T 198 502
(1D 9%G6) 1e3oL.  sajewsd  safeN
6702

hﬁmcou 01 Bunuasaid [e101

s[elJajap [e10L
1BYO
Burosaidsoonel
Jonel
S101ABY3Q J3U1O [[e ‘J01ARYaq XSH-YBIH

Ajuo gNSW ‘101neyaq Ast-ybiH

Suoseal [ealpaW JaYI0
ainssaid poojq Jojpue asjnd

asn Bnup uondiiosaid
JLI201RWAY/UIgo|BowaYy Mo

s[etajep JouoQg

,(SPUESNOL U1 passaidxa) 6TOZ ‘SYeIS PSHUN 8L} Ul S[eLiajap pue SI0UOP 4O JSQINU PajeLuns3

S 319vL

Author Manuscript

Author Manuscript

Author Manuscript

Author manuscript; available in PMC 2021 September 15.

usion.

Transfi



Page 27

Mowla et al.

"siouop snofojoine pue paoaiIp mmuz_em_Q

'SI0UOp DIUEdSIH pue ‘UBIPU| UBILIBWY ‘IBPUR|S| J1419Bd ‘UBILISWY UBDLILY SpNjoul SI0Uop b__oc_s_m

TT- TOT'TT  (029'TT-2vE'0T) 18601 SUOIJEUOP [NYSS3INS [e}0L
7'9 z8r G'6T 8102 (8292-ST9T) 9¥12 g*Honeuep Aaviou
S0T g 791 €097 (L68T~LY9T) 2LLT 18pJ0 10 G9
01- T'€9 2'€9 0T0L (§T€L-T259) £V69 ¥9-G2
T'GT- 70T 98 LTTT (T101-588) 876 vZ-61
T0T- A A G9ET (€€€T-02TT) 9221 81-91
7°9T- vy 8'€ €61 (evv-98€) ¥Tv 81
8TI- €'s L'y 985 (695-59¥) 215 LT
€0- 9¢ 97 982 (L1€-€52) 682 9T
L'1E 70 10 9 (61-0) 8 q1
(sJeak) abe ouop Aq suoireuoq
LT0Z-6T0Z 9bueyd 9 L102 6T0¢  LT0C (10 %56) 6102
SuoIleuop [e101 JO 9 suoljeuod

mAmU%m:oE Ul passaldxa) 6TOZ pue /TOZ ‘serels panun ayl ul adAy pue abe Jouop Aq palyiesis suoleuoq

9 319vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 28

Mowla et al.

Author Manuscript

'pa199]109 A]|NySS309NS 819M S1oNpoId Poo|g YoIYM WOIY SI0UOp S3pNjaul AJUQ "siouop snofiojoine pue pajoalip mmuz_em_Q

*30U0 PaIUN0J AJuo aJe TOZ BuLINp awil T< Pareuop Oym Jouop Em%mw

SI0UOP [ENPIAIPUI [B101

G'g- 966, (02//-2169)9TEL @G

J1auabojje ‘yeads
vyT- vl €69 T26G (G8ES-€G.Y) 6905 & lIe yeadsy
99 9 z0€ 9.0z (6T¥Z-2007) €Tz O18usboyfe ‘swn sl

SI0UOP JO JaquInN

1T0Z-6T0Z 8bueyd 95 1702 6T0Z LT0Z (10 %S6) 6102

SJ0UOp |e10] JO 9p siouoQ

,(SPuESNOL U1 passaidxa) 6TOZ PUB LTOZ ‘S3¥eIS PSHUN B} Ul SI0UOP POO|G JO JBGUINN

. 319vLl

Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 29

Mowla et al.

'SUOI198]100 DY Sisalayde pue ‘sOgY PaALIBP—PO0]] 8]0YM ‘POO|] 8]OUYM SBPNJIUI B1ELUIISS POO|] 2A0UWSOBY,,

ST

TT

juaidioaa
10 Jouop Jad syun

LL
114

95
Le
sHun

L10¢

8¢ 0¢
14 6T
sjuaidioas uaidioaa

Josiouog 10 Jouop Jad s|uun

(ve—6) 12
(ome

(1e-9) 81

(15-8) 62

(10 9%56)
suun

(91-2) 6

(Lz-v) ot

(10 %56)
syuaidioal 4o siouoq

610C

SHUN Pajoalp [eloL
s171d pa1alig
mNm_>>\wu.n._~_ pa10aiIg

,8M/sOgY snofojoiny

suolsnysuel L

jusuodwo)

(spuesnouy ul passaidxa) GT0OZ pue /T0Z ‘SalelS pallun 8yl Ul suoisnysues) pue ‘siusidioss ‘suoljeuop ‘siouop pajaalip pue snobojoiny

Author Manuscript

8 319vl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 30

Mowla et al.

Author Manuscript

' LT0Z PUe g6T0Z 10} paniodal Asnoinaid a1am sanjea gy + G ‘siun gy ussaidal Ajuo sanjea esayL,

(€12-152) 29C (99'2-872) 152 juatdioa sad spun o1sushol |y
(6727—¥T18E) TEOY (9T¥v-566€) 902 syuatdioal oteushol |y

(£68'0T-8T2'0T) SSS'0T  (90Z'TT-S6€'0T) T08'0T pSHUNORWDOIY 0 boo1q poy

(1D 9%G6) 12101 2102 (1D 9%G6) 12301 6T0Z jusuodwod

(spuesnou ul passaidxa) §T0OZ pue /T0g ‘Siualdioal pue pasnisues] S1UN []80 POO|g PaJ JO Jaquinu payewnsg

6 319vL

Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 31

Mowla et al.

50" >d U 6T0Z PUE LTOZ UsaMIag 30UaIapip JUeouIubis,

90
6'0-

6°0-

¥4

44
uesw

payorein

[4
ues|n

1
UeIpaiN

4]
§9

JAs]

[44%
€T¢
ues|n

T9-€v
09-€v

09-¢€v

055061
€22-961
HOI

(T971) 05
(9191) 05

(¥eTT) TS

(€26T) LTS
(9v6T) L02Z

(N)
ueIpsN

S5
€9

€5
019
0¢s
5144
ueain

¢9—¢v
8G-¢€Y

65-€¥
659-0.G
EVS-T6Y
€22-86T
d0I

(1eL) 18
(9227) 05

(Tv6) 05
(1€) 279
(£€5T) 916
(20971) 802

(N)
uelpsin

(%) L10¢-610Z '90UaIa[Iq

($) 2702 "predunowy

($) 6702 ‘pred yunowy

11un yoes ‘4Hv parendioaidohid

¥¢dd

dd4

s171d sisasayde paonpai-uaboyred
PaaNPaIoXNa| ‘s1d sisasaydy
PaINPaIoXN3] ‘sOgY

jusuodwo)

6T0Z pue 2TOZ ‘Sa1e1S pallun ayj ul spendsoy Aq paniodai se (siejjop SN ut) 1un 1onpolid poojq Jad pred Junowe Jejjop ueaw pue UeIpap

Author Manuscript

0T 314gvl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 32

Mowla et al.

- - 598 8S$ €98 LS$ 9.z
- 0 05§ Sv$ 6r$  Sv$ 521
9- 2 vs$ oS 8r$ L8 16T
€= 0 vs$  05$ 156 0s$ 0€e
- - 158 18$ s8¢ 05$ 2€e
- 2 8¢ vs$ 9s¢ S8 16T
- e us 09 196 .S$ sr1
A
v09$  v19$
ve9s  ve9s
8198  229$
1198 S29%
L1188 009%
- €- 903$  60S$  20S$ 905 vl
L~ S TIS$  90S$  v0S$ 0TS¢ 022
T T €18$  01S$  yIS$  TIS$ 6§
0 1 €29$  6TS$ €29 0ze$ 68t
12 4 €25 81G$ eSS 0256 88
sT-  €l- 6vS$  OvS$  ves$  Lzs$  Lve
0 0 L02$  €0Z$  L0Z$  €0z$ €91
1 4 10z¢  €0z$  80zs  S028 T2
v T 80Z$  S0Z$  ITE$ 902§ 96V
T 0 vie$  80z$  STe$  80z$  98E
3 v Zrz$ 90z$  GTes 0TS 98¢
0 T vees  9Te$  yees  LTe8 86E
Ues|\|  UBIPSIN US|\l  UBIPSIN  Ues|\|  UeIpPaAl N
($) L10C ($) .10z ($) LT0¢ ‘Pred unowy
—6T0Z ‘9oualayid ‘pred Junowy

666—00T
0008
666.—000S
666v—00V¢
66€¢—00VT
66€1-000T
666—00T
0008
666.—000S
666v—00V¢
66€¢—00VT
66€1-000T
666—00T
0008
666.—000S
666v—00V¢
66€¢—00VT
66€1-000T
666—00T
0008
666.—000S
666v—00V¢
66€¢—00VT
66€1-000T

666—00T

Jeak Jad
sainpadoad
|eaibang

QNn_n_v uoljeuop Jo y ¢ pue g UsaMiaq uszol} ewse|d

ddd

s171d sisaJayde paonpai-usboyred

paonpaIoXna| ‘s11d sisasaydy

paonpaloyna| ‘sDgy
jusuodwo)

6T0¢C pue LTOZ ‘S8¥eIS payun sy ul

suoieiado [eaibins wusiedul fenuue Aq paiyieas pue sielidsoy Aq panodai se ‘(ssejjop SN ul) 1un 1onpoad poojq Jad pred Junowe Jejjop ueaw pue UelpaA

Author Manuscript

Author Manuscript

1T 314gvl

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 33

Mowla et al.

- 0 8rs  8r$ 67 8v$ 433
- - 2s¢  0s$ 156 8v$ 9T
0 4 vs$ 058 vs$  2s$ 6eg
v 0 vs$ 198 8s$ 1% vz
4 9 56§ 0s$ 198 9s$ 0T
4 v 89$ 9% 29 6% 441
2- 0 0s$  Sr$ 8v$  Sr$ g
- - 0s$  8v$ 678 Lt$ S6T
- - s 0s$ 0s$  8r$ sev
0 0 ve$ 0% ve$ 0% seg
T 4 5§ 18$ 9§ 8eC £s$
uesl\  UBIPSIAl  Ues|\  UeRIPSIANl  Ues|\  UeIpsAl N

($) L10¢ ($) 210z ($) 10 ‘Pred Junowy
—6T0Z ‘9oualapia ‘pred Junowy

0008
666.-000S
6667—0017¢C
66€C—00VT
66E€T-000T

666—00T 1un yoes ‘spendiosidolin
0008<
666.-000S
6667—0017¢
66€C—007T
66E€T-000T

Jeak aad 1usuodwo)d
sauinpadsoud
1eaibang

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 34

Mowla et al.

(81$) €5$  (s6) 05 (€8%) Gos$  (L9T) T6v$s  (€€$) 9zes  (0LT) 812 6102
(tep) ves  (se)6v$s  (SL$) v0s$  (902) 06v$  (62%) Szes  (802) Ozzs$ L102 (AN 'IH 'VD 'ZV) 6
9- L- T G- S 0 LT02-6102
(s1$) 09$ ()65  (6TT$) TGS  (S) 91S$  (2e$) 2ees  (19) 912 6102
(ce$) 99 (ev) G908  (e6%) 0es$  (02) Tes$  (se$) L12$  (02) 9T2$ .10z (AM'LN'dS ‘AN ‘LN ‘'0D) 8
9- z- 9 01 € 9 LT02-6102
($)ess  (ev)oss  (es$)66v$  (16) 00S$  (Se$) 6028 (96) 902$ 6102
(reg)8ss  (Lv)ess  (e8p)e6vs  (9TT) 06v$  (02$) 902$  (T2T) 002$ L102 (3N 'O 'SH V1) L
€ G- T 0 T z- LT02-6102
(61$) vs$ (0cT)8v$  (26%) 9es$  (86T) Gess  (2e$) 0zes  (602) v1es$ 6102
(619) 263 (8eT)es$  (e6%) ves$  (e£2) Ges$  (62%) 812 (Tve) 91¢$ L102 (XL MO ‘AN 'v1'8V) 9
€ 0 - 8- S z LT02-6102
(cz$) vs$ (891) 05  (29%) €0s$  (T0E) G6v$  (G€$) 902$  (ET€) 66T 6102
(s1$) 19 (€02) 0S¢  (95%) v0s$  (09€) €05$  (zz$) TOZ$  (S9€) L6T$ L102 (IM ‘HO ‘NI IV 'NIET1) §
0- 0 T 0 T- ) LT02-6102
(81$) vs$ (6T) 19 (v2$)02ss  (00e) 02s$  (2e$) Loz (v1€) 20Ts$ 6102
(eed) vas  (eve) 1S (S9%) 026$  (88€) 02S$  (vE$) L02$  (€6€) 66TS L1102 (ON 'S 'AM 'VO 14 V) ¥
zz- - 9- 0 € 4 LT02-6102
(c1$)ess  (e8)0oss  (ev$) zess  (vwT)ozss  (Ge$) 912 (2ST) 012 6102
(tog) 926  (BIT) IS¢  (61$)8eS$  (602) 02S$  (62%) ¥T12$  (vT2) L0T$ 110z (AM'VA 'vd ‘QIN ‘33 '00) €
€ € vI- 9- T - LT02-6102
(c1$) Lv$  (se)zv$s  (€9%) vess  (LeT)Gess  (Te$) 812 (2vT) €123 6102
(s1$) 6v$ (0TI Sv$  (88%) 8vS$  (29T) TES$  (82%) LT2$  (£ST) vies L102 (AN‘IN) 2
€ 0 8 4 T 0 LT02-6102
(91$) 0s$ (W) Tv$ (29 02s$  (2L) voss  (9¢$) Lees  (vl) 2ees 6102
(re$) ves () 1v$  (08%) T1S$  (L6) 20s$  (92$) 9zes  (e6) zzes 1102 (LA 1Y 'HN ‘3N 'VIA L) T
(as) (N) (as) (N) (as) (N) Jeap uoiBbas SHH
ues|N uelpa uesiN uelpa\ ues|n uelIpaN
EEE] $171d sisasaydy sOgY PaoNpalodnaT
6T0¢C pue LT0¢

‘Sa1e1S paun ayl ul uoibal SHH Aq paiynesls pue (siejjop sn ui) sjendsoy Aq payodal se 1iun 1onpoud poojq Jad pred junowe Jejjop ugsw pue uelpsin

Author Manuscript

¢t 314gvl

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 35

Mowla et al.

TI- vI- Le- ar- 9- z- LT0Z-6T02

(91$) 09$  (sv)Gs$  (86%) €vs$ () zess  (9e$) vees  (92) 91¢$ 6T0C

(61$) T2 (29) 69  (6L19) 6258  (28) L95$  (L€%) 0ges  (v8) 8TCS LT02

T- T 0 T z z- LT0Z-6T02

(as) (N) (as) (N) (as) (N) Jea\
uesiN uelpsin uesiN uelpsin uesin uelpsin
ddd s171d sisesaydy sOgY PeanpaloxnaT]

(WM 4O ‘dl ‘M) 0T

uoibai SHH

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



Page 36

Mowla et al.

(oeee/tedT) %628  (668T/OVST)  %T'T8
(61€2/8YY) %E6T  (V8BT/BEE)  %6'LT
(ot€z/L69T)  %S€L  (08BT/STHT)  %E'GL
(99€2/988T)  %.'6L (826T/BTIT)  %6'E€8
N/u % N/u %

1702 6102

10113 U0N93||09 ajdwres uo ereq
4eis uo (OSL) 492140 Alayes uoisnjsuel |
suoseaJ [euosiad Jo ‘[ednynd ‘snoibija. 40} sjusuodwod poojq pasnjal oym sjuafied eas) 03 webold

s)uBuUOdWod PadNpPaIoyna| Ajuo asnysuel) 03 Ao1j0d

6T0Z pue 2T0Z ‘slusauodwod poojq 410 poojq 4o uaidioal Jo A1ages aoueyua 0] $92130e4d pue saloljod |e11dsoH

Author Manuscript

Author Manuscript

€T 319gvl

Author Manuscript

Author Manuscript

Transfusion. Author manuscript; available in PMC 2021 September 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Mowla et al.

TABLE 14

Page 37

Number of hospitals performing pretransfusion bacterial testinga of platelet units in the United States, 2017

and 2019
Hospitals performing pre-
transfusion bacterial testing
on platelets, % (n/N)
Hospital size 2019 2017
All hospitals, total 6.4% (125/1946)  5.7% (134/2336)
100-999 surgeries per year 0% (2/440) 2% (9/498)
1000-1399 surgeries per year 3% (8/233) 2% (6/335)
1400-2399 surgeries per year 2% (9/410) 3% (16/485)
2400-4999 surgeries per year 9% (41/471) 6% (37/593)
5000-7999 surgeries per year 14% (29/207) 12% (29/239)
8000 or more surgeries per year 19% (36/185) 20% (37/186)

aNot including testing performed by the blood collection facility.
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TABLE 19

Percent of components leukoreduced before storage at blood collection centers in the United States, 2017 and
2019

Percent units leukoreduced

2019, % (95% CI) 2017, %
Whole blood/red blood cells  97.2 (95.7-98.6) 95.8
Apbheresis platelets 96.7 (93.9-99.4) 99.8
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TABLE 22
Use of platelet additive solution to prepare apheresis platelets, 2017 and 2019

2019 2017

Percentage of facilities using platelet additive solution 14.0% (16/114)a 8.50 (12/141)17

Mean number of units prepared using platelet additive solution 2349 (n=13) 2742 (n=11)

laOf 16 facilities reporting platelet additive solution use in 2019, 11 were community-based blood collection centers, and five were hospital-based
blood collection centers.

Of 12 facilities reporting platelet additive solution use in 2017, 8 were community-based blood collection centers, and four were hospital-based
blood collection centers.
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TABLE 24

Estimated number of plasma units transfused in the United States, 2017 and 2019 (expressed in thousands)

Plasma product 2019 (95% CI) 2017
All plasma products 2185 (2068-2301) 2374
FFP 1041 (924-1158) 1021
FFP, pediatric size (100 ml) 31 (20-42) 34
FFP, jumbo size (>400 ml) 27 (13-42) 46
PF24 1050 (935-1164) 1183
Plasma, PF24RT24% 90 (60-120) 39
Liquid 56 (40-73) 14
Cryoprecipitate reduced 22 (15-29) 27

Group ABY 255 (226-283) 278

aPIasma, frozen within 24 h after up to 24 h at room temperature.

b . . . .
Group AB plasma is not an exclusive category and includes units counted as other product types.
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TABLE 25
Estimated number of granulocyte units distributed and transfused in the United States, 2017 and 2019

2019, units 2017 units
(95% CI) (95% CI)

Granulocytes distributed 1857 (764-2951) 4062 (1809-6315)
Granulocytes transfused 2215 (1132-3299) 1717 (1000-2433)
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