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Abstract

Background: Due to the coronavirus disease 2019 (COVID-19) pandemic, the

transfusion medicine community has experienced unprecedented blood supply

shortages since March 2020. As such, numerous changes to everyday practice

have occurred with a specific emphasis on blood conservation. We sought to

determine the strategies used to mitigate blood shortages and promote blood

conservation during the pandemic.

Methods: An anonymous, 37-question survey was developed using Research

Electronic Data Capture and distributed via e-mail to transfusion medicine

specialists across the US obtained via publicly available databases.

Results: Amongst surveyed [41.1% response rate (51/124 institutions)], 98.0%

experienced a product shortage, with the greatest number reporting red blood

cell (RBC) shortages (92.0%). This led to 35.3% of institutions altering the com-

position and/or number of blood product suppliers, including a 100% increase

in the number of institutions acquiring blood from organizations that connect

hospital transfusion services with blood collection centers (e.g., Blood Buy)

compared to before March 2020. Prospective triaging of blood products was the

most common blood conservation strategy (68.1%), though 35.4% altered their
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RBC exchange or transfusion program for patients receiving chronic RBC

transfusion/exchange. As a result of these changes, 78.6% of institutions reported

that these changes resulted in a reduction in blood product usage, and 38.1%

reported a decrease in product wastage.

Conclusions: Most hospitals experienced the effects of the supply shortage,

and many of them implemented blood conserving measures. Conservation

strategies were associated with decreased blood utilization and waste, and

future studies could evaluate whether these changes persist.

1 | INTRODUCTION

Transient disruptions in the blood supply are common-
place; however, the sustained multifactorial interruptions
to both demand for blood as well as supply of blood
observed throughout the coronavirus disease (COVID-19)
pandemic are without historical precedent. As severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
spread worldwide, the transfusion medicine community
initiated conservation plans to proactively address poten-
tial prolonged blood shortages, and sought to understand
the implications of reductions in elective surgeries and
other medical procedures. The literature at the time sug-
gested a number of blood conservation strategies to miti-
gate the clinical impact of these disruptions to both
supply and demand for blood.1,2

Cohn et al. defined the severity of blood shortages from
a blood center perspective as: mild, or affecting 25% or less
of a supplier's expected inventory; moderate, or affecting
50% of a supplier's expected inventory; and severe, or a 75%
or greater reduction of a supplier's expected inventory – any
of which may impact hospital blood supply, especially for
products that are almost always in limited supply such as
blood group O, Rh-negative red blood cells (RBCs).1 The
authors also described numerous possible mitigation efforts,
ranging from auditing product orders to canceling proce-
dures based on the severity of the situation.1 Notably,
National Healthcare Safety Network Hemovigilance Mod-
ule data showed decreased blood product utilization in early
2020 but a trend toward baseline utilization in June 2020,
and a single hospital study demonstrated approximately
normal usage by the end of the year.3,4 However, as of June
2022, blood product utilization is generally lower than pre-
pandemic levels but certain products – such as Rh-negative
RBCs – remain at below-ideal levels of inventory.5 Indeed,
in early 2022, the American Red Cross declared the first
ever “blood crisis” with the worst blood shortage in more
than a decade,6 with some blood centers reporting less than
a one-day supply of certain blood types.7

Evidence has shown that the number of blood dona-
tions in the United States (US) was decreasing as of

2019,8 which in conjunction with the challenges faced by
both donors and blood collection facilities secondary to
the COVID-19 pandemic, have contributed to the persistent
blood shortages across the US. To address this issue, and
attempt to increase the pool of eligible blood donors, certain
donor screening measures were relaxed by the Food and
Drug Administration in April 2020, and once more in May
2022.9–11 While these regulatory changes have come at a
crucial juncture, they alone are insufficient to ameliorate
the blood crisis. The search for blood conservation tech-
niques has led to a heightened interest in patient blood
management (PBM) programs amongst various stake-
holders.2,12,13 Similarly, a newfound emphasis has been
placed on both hospital-based donor centers (HBDC) as well
as alternative blood suppliers, such as the cloud-based bid-
ding model employed by BloodBuy,14,15 as it may become
increasingly difficult for institutions with large blood usage
to rely on a single supplier to support their needs.

Given the complex evolution of the US blood supply
during the COVID-19 pandemic, we sought to characterize
changes in transfusion practice in response to ongoing
blood shortages. To assess the impact of the COVID-19
pandemic on blood conservation strategies and transfusion
practice in the United States, we performed a multi-
institutional survey. We also queried institutions for details
regarding patient blood management programs and staff-
ing changes since March 2020.

2 | METHODS

An anonymous 37-question survey (Supplemental mate-
rial) was constructed using Research Electronic Data
Capture (REDCap). The questions were developed by the
authors who include transfusion medicine service and
blood donation medical directors through an iterative
process of consensus over a period of 2 months. The sur-
vey was piloted amongst 20 transfusion medicine special-
ists at 10 different institutions to improve validity and
reliability, and feedback obtained was used to enhance
the survey content and structure. The questions address
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multiple categories, including institution demographics,
the composition of blood suppliers, patient blood man-
agement programs, strategies to prevent or mitigate blood
shortages, hindrances to implementing blood conserva-
tion policies, blood transfusion futility protocols, under-
transfusion, and medical technologist staffing shortages.

Publicly available email contact information for
US-based transfusion medicine specialists, including
physicians, nurses, medical laboratory technologists, and
specialists in blood banking, was collected via an online
search. Sources utilized to obtain contact information
included the Association for the Advancement of Blood
and Biotherapies (AABB), the Society for the Advance-
ment of Blood Management (SABM), and Pathology Out-
lines. Additionally, a free language search using key
words including “blood bank,” “transfusion medicine,”
and “patient blood management,” was utilized to identify
healthcare facilities likely to perform blood transfusion
procedures. An approximately equal number of institu-
tions from the four US Census-defined regions were
included to reduce geographic bias. However, our cohort
primarily consisted of large academic medical centers,
with this sampling method representing one inherent
study limitation. This is because smaller, non-academic
hospitals' medical directors are often not members of
AABB, SABM, or other professional organizations, and
their institutions are often not hospital members. Thus,
email contact information was heavily skewed to large
academic institutions across all regions. Individual
REDCap survey links were distributed between March
22 and May 24, 2022, to 1 individual at each of the
124 institutions. Up to 6 weekly reminders were sent to
non-respondents. These personalized links prevented
duplicative responses from the same individual and the
same institution. Survey responses were automatically
uploaded within the database.

Study data were collected and managed using a secure
electronic web-based data capture tool, REDCap, hosted at
Yale School of Medicine.16,17 This survey was exempt from
institutional review board approval as it did not involve
human subjects research and did not include any responses
containing identifiable private information.

3 | RESULTS

3.1 | Responding institution details

A total of 51 unique institutions responded to the survey
(response rate of 41.1%, 51/124). 50 of the 51 respondents
were located at an academic/university affiliated hospital,
and most respondents' institutions were large Level I
trauma centers that treat both pediatric and adult

patients (Table 1). One respondent did not indicate their
institution type or trauma level. Eight responding institu-
tions (15.7%) have a hospital-based blood donation
center.

3.2 | Blood product management

Most institutions (98%, 50/51) have experienced a short-
age of blood products at some point since March 2020,
most commonly RBCs and platelets (Figure 1). 39.2% of
responding institutions reported experiencing a nadir in
their blood type O RBCs of <1 day supply, while 35.3%
reported a nadir of a 1–2 day supply.

Given these significant constraints, 89.4% (42/47) of
responding institutions reported that they have imple-
mented various changes to prevent or mitigate blood
shortages since March 2020, including both blood bank-
specific and institution-wide changes (Figure 2). Notably,
two strategies undertaken included canceling or delaying
elective procedures (62.5%, 30/48) and altering the RBC
exchange or transfusion program for patients undergoing
chronic transfusion or exchange therapy (35.4%, 17/48).

Of the approximately 90% of institutions implement-
ing changes to conserve blood, 9.5% (4/42) incorporated
policies or procedures to monitor patient outcomes,
including monitoring via monthly and quarterly quality
improvement and quality and safety meetings, passive
reporting, and active surveillance following transfusion
via massive transfusion protocols (MTPs).

Notably, 78.6% (33/42) of institutions reported that
their changes resulted in a reduction in blood product
usage, while 38.1% (16/42) reported that their policies
resulted in a reduction in blood product waste.

Prior to March 2020, 60.8% (31/51) had a patient
blood management (PBM) in place, which increased to
64.7% (33/51) as of May 2022. Of these PBM programs,
9.1% (3/33) were accredited by the AABB and/or the
Joint Commission. PBM certifications issued by SABM
were not queried.

3.3 | Blood product acquisition

In the year before March 1, 2020, three of the eight
responding institutions with an onsite hospital-based
blood donation center supplied 1–25% of RBCs used by
the institution, two supplied 26–50%, and three supplied
51–75%. Since March 1, 2020, the proportion of RBCs
supplied by onsite HBDCs remained approximately the
same at five institutions, while the percentage of RBCs
supplied increased at two and decreased at one institu-
tion. In the year prior to March 1, 2020, three onsite
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HBDCs provided 1–25% of platelet products used by
the institution, four provided 26–50%, and one provided
51–75%. Since March 2020, the percentage of platelet

products supplied by the HBDCs remained the same
at five of the eight institutions and increased at three
institutions.

FIGURE 1 Percentage of institutions that have experienced a particular blood product shortage since March 2020

FIGURE 2 Percentage of institutions that implemented a particular blood conservation strategy

JACOBS ET AL. 5



As of May 2022, 50 institutions (1 non-response)
acquire blood products directly from an external blood
supplier, of which 31 receive blood from more than one
external collector. Three institutions currently purchase
blood from a for-profit specialty supplier (e.g., Secure
Transfusion Services), two of which did not prior to
March 2020. Similarly, 16 institutions currently acquire
blood from organizations that connect hospital transfu-
sion services with a network of blood collection centers
(e.g., Blood Buy), a 100% increase (from 8 institutions)
compared to prior to March 2020.

Since March 2020, 35.3% of institutions (18/51) have
altered the composition or number of blood product sup-
pliers, with the majority (94.4%, 17/18) increasing the
number of suppliers. Institutions reported various rea-
sons for altering their blood suppliers (Figure 3), predom-
inantly related to blood supply issues, though one
institution reported changing to acquire convalescent
plasma, while another sought Apheresis Granulocytes.

3.4 | Blood transfusion futility protocols
and undertransfusion

Prior to March 2020, none of the responding institutions
had a futility protocol in place, while 23.4% (11/47) had
implemented a protocol as of May 2022. A futility proto-
col is intend to prevent large-volume transfusion in
patients where use of blood products would be medically

futile, or transfusion would be unlikely to improve the
patient's acute outcome.18,19 Given the implications of
futility protocols, survey respondents indicated that vari-
ous individuals are involved in these protocols, and insti-
tutions utilize multiple parameters to decide when to
enact the protocol (Figure 4).

Of the 51 responding institutions, only 2 (3.9%) have
a formal means for assessing undertransfusion, both of
which use retrospective blood utilization audits, while
42 (82.4%) do not, 5 (9.8%) were unsure, and 2 (3.9%)
did not respond. Several respondents reported that they
are skeptical such an entity exists, and therefore do not
define or assess patients for undertransfusion. Of the
retrospective blood audits, one institution reviews all
patients with hemoglobin <7 g/dL, and in the absence
of transfusion, vital signs are assessed for evidence of
symptomatic anemia. Another institution analyzes inap-
propriate transfusions of plasma in the setting of under-
transfusion/inappropriate dosage (i.e., single unit FFP
transfusions). Institutional definitions for undertransfu-
sion include:

• Evidence of a patient having an adverse outcome that
could have been avoided with appropriate transfusion.

• The requested dose/volume of blood is not sufficient to
reach therapeutic goals in specific situations.

• Failed RBC exchange goal or requirement for more
transfusion (e.g., simple transfusion goals not met) that
results in delay of care or potential harm.

FIGURE 3 Reasons that institutions altered the composition or number of blood product suppliers

6 JACOBS ET AL.



3.5 | Blood bank and medical
technologist staffing

The majority (76.5%, 39/51) of institutions reported
encountering issues with adequate blood bank staffing,
56.4% (22/39) of whom indicated 5–19% staffing turnover,
28.2% (11/39) saw 20–49% staffing turnover, and one
institution reported 50–75% staffing turnover since March
2020.

Numerous factors contributing to staffing issues were
suggested, including a lack of applicants (89.7%, 35/39),
staff leaving for jobs at other institutions (74.4%, 29/39),
staff retiring (46.2%, 18/39), institutional budget con-
straints (41.0%, 16/39), and a shortage of staff due to
illness or quarantine (38.5%, 15/39). Notably, 15.4%
(6/39) of institutions reported staffing issues due to a lack
of staff secondary to COVID-19 vaccination mandates,

while 2.6% (1/39) reported staff were leaving for jobs that
allowed them to work from home.

4 | DISCUSSION

Our group achieved a 41% response rate, higher than
recently published literature regarding transfusion medi-
cine experiences during the COVID-19 pandemic.20 Our
findings highlight numerous blood conservation strate-
gies in US hospitals, as 98% reported experiencing a blood
product shortage during the pandemic. This statistic is
likely unsurprising to most practicing transfusion medi-
cine physicians, with high utilization products such as
RBCs and cryoprecipitate, as well as high-utilization
short shelf-life products such as platelets being the com-
ponents in short supply.

(A)

(B)

FIGURE 4 Transfusion futility protocols. (A) Proportion of institutions with involvement by specific individuals and (B) proportion of

institutions that use specific parameters to initiate the futility protocol

JACOBS ET AL. 7



Most blood-conservation strategies implemented
relied on transfusion medicine staff, with prospective
triaging the most common. The goal of triaging, includ-
ing prospective auditing of all blood product orders, con-
sultations, and blood supplier notifications, is to ensure
that blood products are administered to patients in a fair
and ethical manner and to whom existing evidence indi-
cates that they are most likely to benefit from a blood
transfusion. This has previously been shown to lead to a
cost reduction and reduced transfusion with prospective
monitoring of platelet, cryoprecipitate, and plasma trans-
fusions, although this may not be scalable to all clinical
scenarios, especially in small practices.19,21 Although
some changes, such as delaying outpatient procedures or
altering chronic transfusion schedules are likely only
practically feasible in the short-term, addition of point-of-
care testing to assess transfusion requirements and effi-
cacy or incorporation of fibrinogen concentrate to hospi-
tal formularies may have long-term impacts.

Many of the efforts leveraged to both conserve prod-
ucts and reduce waste were largely dependent on blood
bank medical technologists and medical laboratory scien-
tists, an already stressed workforce. This additional burden
may have contributed to staffing turnover, and/or have
been exacerbated by understaffing. These staffing issues
are of particular interest and likely reflect stressors of con-
temporary culture, though survey data show that stress
levels and burnout were at exceptionally high levels
amongst laboratory staff prior to March 2020.22 In the
United States, approximately 25 million jobs were vacated
in the second half of 2021, and the most recent monthly
quit rate from the US Department of Labor Bureau of
Labor Statistics was 3.0% in April 2022.23,24 The American
Society for Clinical Pathology (ASCP), which conducts lab-
oratory staff vacancy surveys every 2 years, recently pub-
lished results of the 2020 vacancy survey, demonstrating
the effects of COVID-19 on laboratory staffing mainly
through furloughs, staff departure, and early retirement,
while experiencing workload increases.25 Laboratory staff
salaries have also been rising, a trend present in 2019 sur-
vey data, and in the authors' experiences, this appears to
be leading to an exodus in some lower-compensation labs,
as supported by our survey finding showing nearly 75% of
separating staff moving to other institutions.22 Laboratory
personnel undoubtedly have similar societal pressures
such as caring for children or taking time off for quaran-
tine, which may make at-home career opportunities more
attractive, though as evidenced by our survey results, there
may be limited work-from-home options for this work-
force.26 Additionally, one of the notable findings from our
results was that 15% of institutions encountered staffing
issues secondary to COVID-19 vaccination mandates, a
phenomenon that has previously been studied.27–29

While the number of institutions with PBM programs
remained steady, the total number of accredited PBM pro-
grams remains low, suggesting a lag in accreditation
and/or lack of interest, though we specifically queried only
those whose programs have been accredited by AABB
and/or The Joint Commission, and did not include certifi-
cations issued by SABM in our analysis. Furthermore, we
acknowledge that while the benefits of PBM certification
are numerous, as it involves reducing adverse patient out-
comes and waste while reducing costs, the process of
obtaining and maintaining PBM certification is not with-
out challenges.30 These include acquisition of support
from hospital leadership, implementing the necessary
resources, provision of continuous education and quality
assurance, and significant upfront costs.30 On the other
hand, the number of transfusion safety officers increased,
suggesting that this position may be easier to implement
and may have been considered more likely to have a more
immediate impact on blood auditing. However, given the
significant number of institutions that reported decreased
blood usage and decreased wastage, hospital administra-
tors may be amenable to implementing formal PBM pro-
grams in the coming years.

As blood is a finite resource, the means of blood com-
ponent acquisition appear to have changed significantly in
the past 2 years. Hospitals in urban settings may have
access to multiple blood suppliers, although we were
unable to specifically assess whether the need for addi-
tional products or specific components such as COVID-19
convalescent plasma may have driven hospitals to obtain
products from outside of their immediate region. Specifi-
cally, BloodBuy, a for-profit blood product marketplace,
has shown a 100% increase in utilization amongst our
respondents. Thus, pandemic-related shortages drove a
change in the blood supply strategy and economy for 8/51
(16%) of respondents, and could herald a larger shift in the
blood marketplace in the US. Notably, the number of
HBDCs amongst respondents did not change in our study,
although the number has steadily declined over the last
few decades.14 Despite the challenges associated with
implementing and maintaining a HBDC, the COVID-19
pandemic has highlighted many of their benefits, includ-
ing their inherent flexibility and control of the local blood
supply, allowing hospitals to compensate for unexpected
supply decreases from larger organizations.14,31 Thus, this
realization may contribute to a slowing or potentially
reversal of the trend of the decreasing number of HBDCs.

Prior to the COVID-19 pandemic, none of the sur-
veyed hospitals had transfusion futility protocols in place.
In patients with non-survivable injuries or bleeding not
amenable to surgical intervention, transfusion medicine
physicians and other hospital representatives have been
forced to intervene in dire inventory scenarios, but

8 JACOBS ET AL.



otherwise continue to provide products. In hospitals con-
sidering futility protocols, it has been shown that pro-
found acidosis (pH <7.00), elevated lactate (≥10 mmol/L)
and advanced age (≥ 65 years) were associated with
increased mortality for patients undergoing massive
transfusion;32 however, there were many outliers in that
analysis which prevented a reliable predictive algorithm
from being developed, and thus it remains impossible to
reliably predict mortality even amongst the massively
transfused. As evidenced by our respondents, futility pro-
tocols are generally felt to require a group consensus and
would optimally include an institution's clinical ethicist
as well as other stakeholders who may form a transfusion
triage team.33,34 The inclusion of transfusion futility pro-
tocols in modern practice represents a grim reality of sus-
tained blood shortages.35

In addition, we assessed institutions' interpretation of
undertransfusion, as this may be a new concept for many
blood bankers. Undertransfusion is of particular importance
as it is considered both a transfusion complication and
error. In fact, the AABB assembled a group of researchers
to define undertransfusion hemovigilance codes in late
2020 which were recently published to increase its recogni-
tion.36 Though definitions now exist when blood products
are limited, undertransfusion remains difficult to assess out-
side of a laboratory setting, as health care providers typically
make transfusion decisions without blood bank consulta-
tion. Moving forward, novel means of assessing undertrans-
fusion may be developed along with implementation of
hemovigilance definitions. Furthermore, enhanced aware-
ness of this phenomenon is warranted, as evidenced by the
skepticism voiced by many of the survey respondents.

The main limitations of our study are related to the
nature of reporting in surveys, which may not reflect actual
practice, and the modest response rate; although we do rec-
ognize that the response rate was significantly higher than
similar surveys that have recently analyzed the transfusion
medicine field in the context of COVID-19. To ensure qual-
ity of responses and reduce bias, surveyors were able to
respond anonymously and were not provided with gifts or
other incentives to participate. Therefore, we believe our
respondents provided insightful information;37 however, this
survey is unlikely to be representative of all blood banks
and all hospitals, as large, level I, academic hospitals were
over-represented amongst survey respondents. This is pre-
sumably secondary to the methods used to obtain contact
information, as large academic hospitals may be more likely
to publish email contact information, and more likely to
have an individual available to respond to the survey, than
smaller hospitals. Additional studies are needed to assess
how smaller, non-academic institutions have addressed
blood product shortages and how effective these strategies
have been in these environments. Furthermore, this survey

was US-based, and hospitals in other countries may have
vastly different approaches to blood conservation, or may
completely lack some of the options available in the US,
such as adding or changing blood suppliers (e.g., countries
with a single national blood supplier). Some countries may
live in a state of permanent shortage or with no national
blood supply infrastructure, and perhaps US-based institu-
tions could learn from them about managing such circum-
stances with aplomb (and they may serve as a cautionary
tale for a stable, national system for blood is necessary).
Thus, future research comparing blood conservation strate-
gies in the US to other countries could likely be informative.

Based on our survey results, most hospitals experi-
enced blood shortages during the pandemic with the
majority utilizing blood conservation strategies. Blood con-
servation has led to sustained reduction in transfusion and
component wastage, and as such, many of these practices
may persist even if the blood supply should increase.

ACKNOWLEDGMENT
We extend our gratitude to the survey participants who
made this research possible.

CONFLICT OF INTEREST
Jeremy W. Jacobs has no disclosures and denies any con-
flicts of interest. Laura D. Stephens has no disclosures
and denies any conflicts of interest. Eric A. Gehrie is a
consultant to Grifols Diagnostics and reports stock own-
ership in Refactor Health. Garrett S. Booth denies any
conflicts of interest but reports that he has received pay-
ments from Grifols Diagnostic Solutions, Inc. that are
unrelated to the contents of this submission. Brian
D. Adkins has no disclosures and denies any conflicts of
interest. Jennifer S. Woo has no disclosures and denies
any conflicts of interest. Dawn C. Ward has no disclo-
sures and denies any conflicts of interest. Yara A. Park
has no disclosures and denies any conflicts of interest.
Matthew S. Karafin denies any conflicts of interest but
reports that he is a consultant for Westat, Inc. Elizabeth
Abels has no disclosures and denies any conflicts of inter-
est. Elizabeth S. Allen has no disclosures and denies any
conflicts of interest.

ORCID
Jeremy W. Jacobs https://orcid.org/0000-0002-5719-
9685
Matthew S. Karafin https://orcid.org/0000-0001-7533-
6842
Elizabeth S. Allen https://orcid.org/0000-0002-1004-
3851
Yara A. Park https://orcid.org/0000-0001-7805-8497
Laura D. Stephens https://orcid.org/0000-0002-9101-
9326

JACOBS ET AL. 9

https://orcid.org/0000-0002-5719-9685
https://orcid.org/0000-0002-5719-9685
https://orcid.org/0000-0002-5719-9685
https://orcid.org/0000-0001-7533-6842
https://orcid.org/0000-0001-7533-6842
https://orcid.org/0000-0001-7533-6842
https://orcid.org/0000-0002-1004-3851
https://orcid.org/0000-0002-1004-3851
https://orcid.org/0000-0002-1004-3851
https://orcid.org/0000-0001-7805-8497
https://orcid.org/0000-0001-7805-8497
https://orcid.org/0000-0002-9101-9326
https://orcid.org/0000-0002-9101-9326
https://orcid.org/0000-0002-9101-9326


Dawn C. Ward https://orcid.org/0000-0003-1672-740X
Eric A. Gehrie https://orcid.org/0000-0002-5354-3899
Garrett S. Booth https://orcid.org/0000-0002-8422-9480
Brian D. Adkins https://orcid.org/0000-0002-9480-2762

REFERENCES
1. Cohn CS, Pagano MB, Allen ES, Frey KP, Gniadek T,

Lokhandwala PM, et al. How do I manage long-term blood
component shortages in a hospital transfusion service? Trans-
fusion. 2020;60(9):1897–904.

2. Pagano MB, Hess JR, Tsang HC, Staley E, Gernsheimer T,
Sen N, et al. Prepare to adapt: blood supply and transfusion
support during the first 2 weeks of the 2019 novel coronavirus
(COVID-19) pandemic affecting Washington state. Transfusion.
2020;60(5):908–11.

3. Rajbhandary S, Shmookler A, Cohn CS, Nunes E, Karafin MS,
Stubbs J, et al. Hospital transfusion service operations during
the SARS-CoV-2 pandemic: lessons learned from the AABB
hospital survey in preparation for the next infectious disease
outbreak. Transfusion. 2020;61(11):3129–38.

4. Murphy C, Fontaine M, Luethy P, McGann H, Jackson B.
Blood usage at a large academic center in Maryland in relation
to the COVID-19 pandemic in 2020. Transfusion. 2021;61(7):
2075–81.

5. Barnhard S, Klapper E, Kopko P, Tran MH, Ziman A, Univer-
sity of California Transfusion Medicine Physicians. Too lean:
time to build back true resiliency in the national blood supply.
Transfusion. 2021;61(9):2768–71.

6. American Red Cross. Red Cross declares first-ever blood crisis
amid Omicron surge. 2022. Available from: https://www.
redcross.org/about-us/news-and-events/press-release/2022/blood-
donors-needed-now-as-omicron-intensifies.html

7. Joint statement: Blood donors urgently needed during National
Blood Donor Month and throughout the winter. 2022.
Available from: https://www.aabb.org/docs/default-source/
default-document-library/positions/joint-statement-blood-donors-
urgently-needed-during-national-blood-donor-month.pdf?sfvrsn=
4506f62e_4

8. Mowla SJ, Sapiano MRP, Jones JM, et al. Supplemental
findings of the 2019 National Blood Collection and utilization
survey. Transfusion. 2021;61(S2):S11–35.

9. Gehrie E, Tormey CA, Sanford KW. Transfusion service
response to the COVID-19 pandemic. Am J Clin Pathol. 2020;
154(3):280–5.

10. Blood Donor History Questionnaires. 2022. Available from:
https://www.aabb.org/news-resources/resources/donor-history-
questionnaires/blood-donor-history-questionnaires

11. Recommendations to Reduce the Possible Risk of Transmission
of Creutzfeldt-Jakob Disease and Variant Creutzfeldt-Jakob
Disease by Blood and Blood Components j FDA. 2022.
Available from: https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/recommendations-reduce-
possible-risk-transmission-creutzfeldt-jakob-disease-and-variant-
creutzfeldt

12. Shander A, Goobie SM, Warner MA, Aapro M, Bisbe E, Perez-
Calatayud AA, et al. Essential role of patient blood Manage-
ment in a Pandemic: a call for action. Anesth Analg. 2020;
131(1):74–85.

13. Jacobs J, Kneib J, Coberly E, Atchison K, Krokosky K,
Eichbaum Q. Transfusion safety officers in the United States:
survey of characteristics and approaches to implementation.
Transfus Apher Sci. 2021;60(5):103199.

14. Jacquot C, Mei Z, Khan J, Dunbar N, Delaney M, Ziman A.
Current state and positive impact of hospital-based blood donor
centers in the United States. Transfusion. 2022;62(2):279–85.

15. Bloodbuy. 2022. Available from: https://www.bloodbuy.com/
16. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N,

Conde JG. Research electronic data capture (REDCap)—a
metadata-driven methodology and workflow process for pro-
viding translational research informatics support. J Biomed
Inform. 2009;42(2):377–81.

17. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M,
O'Neal L, et al. The REDCap consortium: building an interna-
tional community of software platform partners. J Biomed
Inform. 2019;95:103208.

18. Schneiderman LJ. Defining medical futility and improving
medical care. J Bioeth Inq. 2011;8(2):123–31.

19. Sarode R, Refaai MA, Matevosyan K, Burner JD, Hampton S,
Rutherford C. Prospective monitoring of plasma and platelet
transfusions in a large teaching hospital results in significant
cost reduction. Transfusion. 2010;50(2):487–92.

20. Al-Riyami AZ, Burnouf T, Wood EM, et al. ISBT COVID-19
convalescent plasma working group. International Society of
Blood Transfusion survey of experiences of blood banks and
transfusion services during the COVID-19 pandemic. Vox Sang.
2022;117:822–30.

21. Kruse RL, Neally M, Cho BC, Bloch EM, Lokhandwala PM,
Ness PM, et al. Cryoprecipitate utilization patterns observed
with a required prospective approval process vs electronic dos-
ing guidance. Am J Clin Pathol. 2020;154(3):362–8.

22. Garcia E, Kundu I, Kelly M, Soles R, Mulder L, Talmon GA.
The American Society for Clinical Pathology's job satisfaction,
well-being, and burnout survey of laboratory professionals.
Am J Clin Pathol. 2020;153(4):470–86.

23. Job Openings and Labor Turnover - 2022 M04 Results. 2022.
Available from: https://www.bls.gov/news.release/jolts.toc.htm

24. The Age of Anti-Ambition - The New York Times. 2022. Avail-
able from: https://www.nytimes.com/2022/02/15/magazine/
anti-ambition-age.html

25. Garcia E, Kundu I, Kelly M, Soles R. The American Society
for Clinical Pathology 2020 vacancy survey of medical Labo-
ratories in the United States. Am J Clin Pathol. 2022;157(6):
874–89.

26. A pandemic's other toll: the lab techs who struggle to process
all those tests – The New York Times. 2022. Available from:
https://www.nytimes.com/2020/12/03/us/a-pandemics-other-toll-
the-lab-techs-who-struggle-to-process-all-those-tests.html

27. Kara Esen B, Can G, Pirdal BZ, Aydin SN, Ozdil A,
Balkan II, et al. COVID-19 vaccine hesitancy in healthcare
personnel: a university hospital experience. Vaccines. 2021;
9(11):1343.

28. Biswas N, Mustapha T, Khubchandani J, Price JH. The nature
and extent of COVID-19 vaccination hesitancy in healthcare
workers. J Community Health. 2021;46(6):1244–51.

29. Farah W, Breeher L, Shah V, Hainy C, Tommaso CP,
Swift MD. Disparities in COVID-19 vaccine uptake among
health care workers. Vaccine. 2022;40(19):2749–54.

10 JACOBS ET AL.

https://orcid.org/0000-0003-1672-740X
https://orcid.org/0000-0003-1672-740X
https://orcid.org/0000-0002-5354-3899
https://orcid.org/0000-0002-5354-3899
https://orcid.org/0000-0002-8422-9480
https://orcid.org/0000-0002-8422-9480
https://orcid.org/0000-0002-9480-2762
https://orcid.org/0000-0002-9480-2762
https://www.redcross.org/about-us/news-and-events/press-release/2022/blood-donors-needed-now-as-omicron-intensifies.html
https://www.redcross.org/about-us/news-and-events/press-release/2022/blood-donors-needed-now-as-omicron-intensifies.html
https://www.redcross.org/about-us/news-and-events/press-release/2022/blood-donors-needed-now-as-omicron-intensifies.html
https://www.aabb.org/docs/default-source/default-document-library/positions/joint-statement-blood-donors-urgently-needed-during-national-blood-donor-month.pdf?sfvrsn=4506f62e_4
https://www.aabb.org/docs/default-source/default-document-library/positions/joint-statement-blood-donors-urgently-needed-during-national-blood-donor-month.pdf?sfvrsn=4506f62e_4
https://www.aabb.org/docs/default-source/default-document-library/positions/joint-statement-blood-donors-urgently-needed-during-national-blood-donor-month.pdf?sfvrsn=4506f62e_4
https://www.aabb.org/docs/default-source/default-document-library/positions/joint-statement-blood-donors-urgently-needed-during-national-blood-donor-month.pdf?sfvrsn=4506f62e_4
https://www.aabb.org/news-resources/resources/donor-history-questionnaires/blood-donor-history-questionnaires
https://www.aabb.org/news-resources/resources/donor-history-questionnaires/blood-donor-history-questionnaires
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/recommendations-reduce-possible-risk-transmission-creutzfeldt-jakob-disease-and-variant-creutzfeldt
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/recommendations-reduce-possible-risk-transmission-creutzfeldt-jakob-disease-and-variant-creutzfeldt
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/recommendations-reduce-possible-risk-transmission-creutzfeldt-jakob-disease-and-variant-creutzfeldt
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/recommendations-reduce-possible-risk-transmission-creutzfeldt-jakob-disease-and-variant-creutzfeldt
https://www.bloodbuy.com/
https://www.bls.gov/news.release/jolts.toc.htm
https://www.nytimes.com/2022/02/15/magazine/anti-ambition-age.html
https://www.nytimes.com/2022/02/15/magazine/anti-ambition-age.html
https://www.nytimes.com/2020/12/03/us/a-pandemics-other-toll-the-lab-techs-who-struggle-to-process-all-those-tests.html
https://www.nytimes.com/2020/12/03/us/a-pandemics-other-toll-the-lab-techs-who-struggle-to-process-all-those-tests.html


30. Gammon RR, Blanton K, Gilstad C, Hong H, Nichols T,
Putnam H, et al. How do we obtain and maintain patient blood
management certification? Transfusion. 2022;62(8):1483–94.

31. Gniadek TJ, Mallek J, Wright G, Saporito C, AbiMansour N,
Tangazi W, et al. Expansion of hospital-based blood collections
in the face of COVID-19 associated national blood shortage.
Transfusion. 2020;60(7):1470–5.

32. Lo BD, Merkel KR, Dougherty JL, Kajstura TJ, Cruz NC,
Sikorski RA, et al. Assessing predictors of futility in patients
receiving massive transfusions. Transfusion. 2021;61(7):
2082–9.

33. Ehmann MR, Zink EK, Levin AB, Suarez JI, Belcher HME,
Daugherty Biddison EL, et al. Operational recommendations
for scarce resource allocation in a public health crisis. Chest.
2021;159(3):1076–83.

34. Doughty H, Green L, Callum J, Murphy MF, National Blood
Transfusion Committee. Triage tool for the rationing of blood
for massively bleeding patients during a severe national
blood shortage: guidance from the National Blood Transfusion
Committee. Br J Haematol. 2020;191(3):340–6.

35. Booth GS, Jacobs JW, Stephens LD, Chooljian DM, Savani BN,
Gehrie EA. When should we tell patients there may be no
blood? Evaluating the ‘informed’ consent process. Br J Haema-
tol. 2022;198:e8–e10.

36. Rajbhandary S, Andrzejewski C, Fridey J, Stotler B, Tsang HC,
Hindawi S, et al. Incorporating the entity of under-transfusion
into hemovigilance monitoring: documenting cases due to lack
of inventory. Transfusion. 2022;62(3):540–5.

37. Johnson TP, Wislar JS. Response rates and nonresponse errors
in surveys. JAMA. 2012;307(17):1805–6.

SUPPORTING INFORMATION
Additional supporting information can be found online
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