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The balanced transfusion of blood components plays a leading role in traumatic hemostatic resuscitation. Yet,
previous whole blood studies have only focused on urban trauma center settings.

To compare component vs whole blood therapy on wastage rates and mortality in the rural setting.

This study was a nonrandomized, retrospective, observational, single-center study on a cold-stored whole blood
program implementation for adult massive transfusions from 2020 to 2022 at a Level || trauma center. Trauma
registry data determined the facility’s whole blood needs and facilitated sustainable blood supplies. Whole blood
use protocols were established, and utilization and laboratory compliance for incompatible ABO antibody hemo-
lysis was monitored and reviewed monthly at stakeholder and trauma services meetings.

From 201810 2018, the facility initiated component therapy massive transfusions every 9 days (n=41). Therefore, four
units of low-titer, O-positive whole blood deliverad fortnightly was determined to provide patient coverage and
minimize wastage. Across the study time frame (2020-2022), there were n = 68 hemodynamically unstable patients,
consisting of those receiving whole blood, n = 37, and patients receiving component therapy, n = 31. Mortality rates
were significantly lower {p = .030) in the whole blood population (n = 3, 8%) compared to those solely receiving
component therapy (n = 9, 29%). Wastage rates were constantly evaluated; in 2021, 43.4% was not utilized, and in
2022, this was reduced to 38.7%. Anecdotally, nurses appreciated the ease of administration and documentation of

IS LEHOBA +EM8RAQdAYO

IPHBENIONWNOIZLABHIHJBSHANQUS AT BUISINUBLINRIIOMWNORHIOD MM] S|BLUNOYA dNY WOl papBoumad

Ga02ieL/ Ly uo

abzay7

transfusing whole blood, as it negated ratio compliance.

CONCLUSION:
KEY WORDS:

This evidence-based whole blood program provides vital care to severely injured trauma patients in a vast, rural region.
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BACKGROUND

The balanced transfusion of blood components
plays a leading role in traumatic hemostatic resuscita-
tion. The original application of whole blood resuscita-
tion in the military (McCoy et al., 2021) moved into the
domestic paradigm within large urban academic trauma
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centers in the United States (Walsh et al., 2021) and is
now surging to prominence within the civilian trauma
arena (Hanna et al., 2022; Hazelton et al., 2022).

Until the Pragmatic, Randomized Optimal Platelet
and Plasma Ratios trial (Holcomb et al., 2015), there
were no large, multicenter, randomized clinical trials
with survival as a primary end point. The aim of the
Pragmatic, Randomized Optimal Platelet and Plasma
Ratio trial was to address the effectiveness and safety
of a 1:1:1 transfusion ratio (red blood cell:plasma:plate-
let) compared with a 1:1:2 transfusion ratio in patients
with trauma who were predicted to receive a massive
transfusion (Holcomb et al., 2015). This demonstrated
that a fixed ratio of blood components (1:1:1) improves
mortality at 24 hr. As whole blood has an innate 1:1:1
ratio, the previous literature suggests that whole blood is
at least equivalent if not preferable to component ther-
apy in severe hemorrhage resuscitation (Cap et al.,
2018).

Whole blood is quickly and easily administered,
negating the need for ratio tracking within the trauma
bay. However, only a small number of Level I trauma
centers in the United States utilize whole blood (Yazer,
Spinella, et al., 2021), and the majority of these facilities
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KEY POINTS

® Balanced blood component transfusion plays a leading
role in traumatic hemostatic resuscitation.

e Key stakeholders developed clinical practice guidelines
for administration and sustainability.

e Consistent whole blood administration without lapse in
product availability since establishment.

e To limit end of shelf-life wastage, additional whole blood
uses were explored outside of trauma.

e Nurses appreciated the ease of administration and doc-
umentation of transfusing whole blood.

are urban academic trauma systems with short transport
times (Walsh et al., 2021). Thus, as a trauma facility in
a large, sparsely populated state with consequently long
transit times, we aspired to initiate a cold-stored whole
blood program to benefit trauma patients.

Subsequently, our challenges included: (1) Could
we convince the blood product supplier to supply low-
titer cold-stored whole blood? (2) How to develop
a sustainable program in our rural facility? (3) Would
whole blood benefit our trauma patients? and (4) How
to determine an appropriate use for whole blood nearing
expiration to decrease wastage?

OBJECTIVES

The purpose of this study was to compare compo-
nent vs whole blood therapy on wastage rates and mor-
tality in the rural setting.

METHODS

Study Design

This study was a nonrandomized, retrospective,
observational, single-center study on the development
and implementation of a whole blood program. Approval
from the Institutional Review Board was requested, and the
project was determined exempt (Billings Clinic
Institutional Review Board, Privacy & Exemption
Committee: Project #24.001).This research brief conforms
to Strengthening the Reporting of Observational Studies in
Epidemiology guidelines (Cuschieri, 2019).

Population and Setting

This initiative was conducted from 2018 to 2022
at a single rural 305-bed American College of Surgeons-
verified Level I Trauma center that serves as a four-state
referral center in the Upper Mountain West region.

Data Collection

Patient data were abstracted from the electronic
health record and the trauma registry. Inclusion criteria
comprised massive transfusion protocol activations,

Copyright © 2024 Society of Trauma Nurses.

>18 years old. Massive transfusion activation is defined
at this facility as greater than four units of blood pro-
ducts administered in the first 4 hr upon arrival at the
facility. Patients in the whole blood cohort received at
least two units of cold-stored whole blood. Patients in
component therapy cohort did not receive any whole
blood. The exclusion criteria consisted of patients who
survived less than 48 hr after whole blood transfusion.

Instruments

Patient data

Two automatically calculated measures recorded
for each patient in triage were included to assess patient
data. First, the Shock Index, a ratio of heart rate and
systolic blood pressure, with a value >1, predicts
increased risk of mortality (Koch et al., 2019); Second,
the Injury Severity Score is an established medical score
used to assess trauma severity based upon the six-point
ordinal abbreviated injury scale; distance was deter-
mined by the shortest mileage between injury site and
tertiary trauma facility; mortality only includes massive
transfusion protocol-activated patients (greater than
four units of blood products administered in the first
4 hr upon arrival), excluding: (1) emergency department
to morgue patients and (2) patients with the maximum
Injury Severity Score (=75).

Compliance

Trauma services monitored that appropriate
laboratory tests (lactate dehydrogenase, total bilirubin,
and haptoglobin) were ordered after each transfusion.
Specifically, hemolysis testing was ordered for incompa-
tible ABO blood group system antibodies at 12, 24, and
48 hr (=1 hr) post-transfusion, as recommended by the
Association for the Advancement of Blood &
Biotherapies (AABB) (2022).

Intervention

This project (summarized in a temporal [Figure 1A]
and an organizational [Figure 1B] way) was staged in the
following manner: (1) Worked with the blood product
supplier to provide low-titer whole blood. Discussions
with the blood supplier began in 2020 to determine
plausibility of bringing whole blood product to the
rural trauma facility. Data from the trauma registry
were abstracted across 2 years (2018-2019) to determine
the total number of massive transfusions at the facility.
These data supported blood product supplier negotia-
tions to determine a sustainable volume of whole blood
to be requested and maintained at the facility.

(2) Determined the sustainability of a cold-stored
whole blood program and developed appropriate guide-
lines and protocols (Figure 2A and B). As blood supplier
discussions progressed, the multidisciplinary Blood
Utilization Committee (BUC), consisting of a pathologist,
258

www.journaloftraumanursing.com

Copyright © 2024 Society of Trauma Nurses. Unauthorized reproduction of this article is prohibited.



ABIEQHIOIADAUMY EXOMADUDINX FOHIS

SIMUBLINEIOEUINOILIOD My STeun ol diy Woll papeciumog

PAGLSHIBA+ENEROAGAVOFOASIONIASALHAHPOD

ABZAUIPIHEENIDLLIINOTZ AR HSGHNAUE Aq Bt

G20e/EL/10 uo

Orretal. Journal of Trauma Nursing 2024
Volume 31, Number 5

Whole blood
program inception

Who!e blood program compliance review

[ Education for new CPGs developed and taught to nurses, providers and blood bank personnel

Guidelines
and CPGs
developed

i 1 =\

Whole Blood Supplier Blood Utilization Committee Trauma Performance
(1) Product availability > (i) Develop guidelines & protocols Improvement and
(i) Demand at facility (ii) Peer-review patients Patient Safety

Establishment and Fulfillment of Whole Blood
Products

BN AR ESNE RIS NE AR NN RSB AR

‘ll.l-lllflIllIll'lllllll—lll-lllll’—

L Unused Blooﬂ EESEEENANGEANYNEANESEEBAREEE

Figure 1. Graphical representation of the temporal and organizational implementation of the whole blood program. Note.
Panel A: Project timeline. Panel B: Key stakeholders and steps to implement cold-stored whole blood for trauma patients.

a blood bank supervisor, a trauma surgeon, a trauma incompatible ABO blood group system antibodies with
program manager, a trauma outreach clinician, and the  monitoring at 12, 24, and 48 hr post-transfusion, as
blood supplier, began developing clinical practice guide- suggested by AABB (2022).

lines including proper parameters and administration. In addition, education was developed and pro-
These included hemolysis laboratory testing for vided for the new clinical practice guidelines with
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Figure 2. Developed cold-stored whole blood laboratory guidelines and usage algorithm. Note. Panel A: Whole blood clinical
practice guideline for post-transfusion hemolysis laboratory tests. Panel B: Modified massive transfusion protocol (MTP)

algorithm. All recipients of whole blood must be >18. One platelet pack consists of six units, single donor pack (component

MTP arrival at bedside 1:1:1). CBC = complete blood count; CMP = comprehensive metabolic panel; LDH = lactate dehy-
drogenase; PT = prothrombin time; PTT = partial thromboplastin time; TEG = thromboelastography.

addenda to the massive transfusion protocol during
onboarding and continuing education for nurses, provi-

ders, and blood bank personnel.

(3) Studied the benefits within the trauma patient
population. Whole blood utilization was reviewed and
evaluated through monthly data reporting at trauma

Copyright © 2024 Society of Trauma Nurses.

performance improvement and patient safety and BUC
meetings. Whole blood administration was also compre-
hensively evaluated by trauma services with any issues
or opportunities for improvement sent for additional
peer or systems review. Laboratory compliance was
evaluated and reported at trauma performance
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improvement and patient safety and BUC meetings
where opportunities for improvement were identified
and addressed as appropriate.

(4) Minimized waste by identifying suitable appli-
cations for whole blood approaching its expiration date.
The mean shelf life of whole blood is one-third less when
compared to red blood cell components (Cohn et al.,
2023). Therefore, to limit end of shelf-life wastage,
additional whole blood uses were explored outside of
trauma. Literature has indicated cardiothoracic surgery
(Manno et al., 1991; Pitkin & Rice, 2012) to be the most
appropriate service line for surplus use; therefore,
a process was developed for whole blood utilization
during open heart surgery.

The study involved only adult patients (aged 18 or
older) who met the criteria for the hospital’s massive
transfusion protocol. This protocol is triggered when
a patient receives more than four units of blood pro-
ducts within 4 hr of arriving at the facility. Regular
nursing staff, who had undergone training on the new
protocol, administered the transfusions.

Statistical Analysis

A descriptive statistical analysis was performed
using the statistical package R (R Foundation for
Statistical Computing, Vienna, Austria). Continuous
variables were summarized using mean + 95% confi-
dence intervals. A two-tailed Student’s #-test, or
Fisher’s exact test for binomials, was used and accepted
as significant when the p < .03.

RESULTS

During the 2 years prior to initiation and com-
mencement of the whole blood program (2018-2019),
there were 81 massive transfusion activations, defined at
this facility as more than four units of blood products
administered in the first 4 hr. This indicated that every
9 days, the facility initiated a component therapy mas-
sive transfusion. Through this data evaluation, the
blood supplier suggested four units of low-titer,
O-positive whole blood could be delivered every
2 weeks to provide adequate coverage to benefit trauma
patients and minimize wastage.

Guidelines were developed in coordination with
the multidisciplinary BUC. Clinical practice guidelines
were established to include proper parameters, admin-
istration, and subsequent hemolysis laboratory testing
(Figure 2a). Addenda were applied to the current mas-
sive transfusion protocol (Figure 2b). Then, education
was developed and disseminated to nurses, providers,
and blood bank personnel.

From the inception of the whole blood program in
2020 through 2022, the program population included
68 trauma patients who were deemed hemodynamically
unstable and subsequently received a blood transfusion

262 www.journaloftraumanursing.com

Table 1. Combined Patient Overview During
Cold-Stored Whole Blood Program Implementation

(2020-2022)
95% Confidence

Overview Characteristic Mean Interval
Injury Severity Score 26.9 241,29.7
Shack Index 1.1 1.0,1.2
Distance, injury site to tertiary facility, — 96.4 675, 1254
miles

Injury to arrival time, hours:minutes 3:09 2:18, 4:.02

Note. Only includes massive transfusion protocol-activated patients {greater than four
units of blood products administered in the first 4 hr upon arrival). The exclusion criteria
were (1) emergency department to morgue patients and (2) patients with the maximum
Injury Severity Score {=75).

(Table 1). These patients traveled a mean of 96.4 miles
from the injury site with a mean transport time of more
than 3 hr from injury to tertiary facility arrival. The
mean Injury Severity Score was 26.9 with a mean
Shock Index of 1.1.

In Table 2, a comparison of those patients receiving
whole blood (1 = 37) vs those receiving component ther-
apy only (# = 31) shows similar demographics in heart
rate and systolic blood pressure upon arrival. Shock
Index, Injury Severity Score, total blood products used,
and hospital and intensive care unit length of stay
between the groups also demonstrated no significant dif-
ferences. However, patient mortality was significantly
lower (p = .030) in the whole blood group (8.1%) com-
pared to the component therapy-only group (29.0%).

Whole blood compliance was demonstrated in
hemolysis laboratory tests ordered and subsequently
performed at each of the appropriate time points
(Table 3). Further, no post-whole blood transfusion
reactions were observed.

The utilizarion of whole blood in the facility was
routinely assessed and reviewed. In 2021, wastage rates
were 43.4%; the following year 2022, this was reduced
to 38.7%.

DISCUSSION

Whole blood transfusions began during the US
Civil War and were more widely adopted during later
major international conflicts (Black et al., 2020). More
recently in the civilian realm, utilizing whole blood as an
adjunct to component therapy has been associated with
improved outcomes in severely injured trauma patients
(Hanna et al., 2020). Furthermore, the use of cold-
stored whole blood makes whole blood resuscitation in
the civilian arena more accessible (Hanna et al., 2022).

Without coordinated collaboration with an institu-
tional blood supplier, a whole blood initiative cannot
ultimately succeed (Pivalizza et al., 2018). Before the

Copyright © 2024 Society of Trauma Nurses.
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Table 2. Patient Demographics and Clinical Comparison {2020-2022) Between Cold-Stored Whole Blood (N = 37) and

Component Therapy-Treated Patients (N = 31)

Whole Blood Blood Component Therapy
Variable Mean 95% Confidence Interval Mean 95% Confidence Interval p Value
Age, years 46.3 39.9,528 418 35.1,48.6 336
Penetrating MO, n (%) 16 (43.2%) 9 (29.0%) 313
Arrival heart rate, per minute 100.9 92.4,109.5 109.6 100.3, 118.9 .180
Arrival systolic blood pressure, mmHg 103.4 934,133 1021 93.5, 110.7 854
Shock Index 1.0 08,12 1.1 1.0, 1.3 351
Injury Severity Score 253 21.6,289 28.9 746, 33.1 203
Total blood product, ml per patient 41496 2775.7, 55235 5255.5 3310.0, 7201.1 .348
Hospital LOS, days 135 10.5, 16.5 1.9 8.1, 15.7 522
ICU LOS, days 9.0 7.0,11.0 74 47,102 37
Mortality, (%) 3(8.1%) 9(29.0%) .030*

Note, MOI = mechanism of injury; LOS = length of stay. Only includes massive transfusion protocol-activated patients (greater than four units of bloed products administered in the first 4 hr
upon arrival). Whole blood patients are defined as those who received greater than or equal to two units of whole blood. The exclusion criteria are {1} emergency department to morgue
patients and (2) patients with the maximum Injury Severity Score (=75}. A two-tailed Student's #test, or Fisher's exact test for binomials, was used and accepted as significant when the

p < .05 {denoted bold™).

inception of the whole blood program at this facility, one
component therapy massive transfusion was initiated
approximately every 9 days (2018-2019). These data
provided proof to the blood supplier that initiating
a whole blood program at this rural facility was a viable
and sustainable endeavor. Therefore, the supplier sug-
gested four units low-titer, O-positive whole blood could
be delivered every 2 weeks to provide adequate coverage
to benefit trauma patients and minimize wastage.

From inception, the goal of this program was to
utilize whole blood in trauma patients. Although our
data cannot prove whole blood administration exclusively
decreases mortality, as treatment is multifactorial and reci-
pient numbers (# = 37) are relatively small, mortality rates
are significantly lower in the whole blood population
(n = 3, 8%; p = .030) compared to those patients who
received solely component therapy (z = 9, 29%). These
results are not in agreement with the literature from single-
center urban academic trauma systems (Williams et al.,
2020; Yazer, Freeman, et al., 2021) where no mortality
distinction is observed between whole blood and blood

Table 3. Whole Blood Compliance (2020-2022; N = 35)

Whole Blood Patients
GCompliance n %
Applicable laboratory test order placed 3 94.3
12-hr labs performed 30 90.9
24-hr labs performed 30 90.9
48-hr labs performed 30 90.9
Post-whole blood transfusion reactions 0 0.0

Note. Compliance, n includes only patients wha survived greater than 48 hr after whole
blood transfusion.

Copyright © 2024 Society of Trauma Nurses.

component therapy (1:1:1); however, generally these
urban academic trauma systems have short transport
times (Walsh et al., 2021). In contrast, these results pre-
sented are congruent with the current multicenter study
literature, which demonstrates enhanced survival with
whole blood resuscitation (Hazelton et al., 2022). In com-
parison to each of the literature discussed (Hazelton et al.,
2022; Williams et al., 2020; Yazer, Freeman, et al., 2021),
this study has a lower percentage of penetrating injuries,
with higher mean age, mean Injury Severity Score, and
mean Shock Index. Furthermore, this rural trauma center
holds a unique position with a substantial mean distance
from the injury site to the facility, as well as a prolonged
time from injury to arrival. As a result, this study site is
a distinctive and original representation within the whole
blood literature.

Anecdotally, nurses at the facility appreciated the
ease of administration and documentation of transfus-
ing whole blood, as it negated the need to switch
between component products for ratio compliance.
This ease of administration is suggested elsewhere in
the literature regarding whole blood usage and its
impact on nursing (Jones et al., 2021). Two specific
benefits are theorized: (1) reduced nurse workload and
(2) ease in whole blood resuscitation logistics compared
to component therapy resuscitation.

LIMITATIONS

This study was a nonrandomized, retrospective,
observational, single-center study, so there may have
been a selection and/or surveillance bias. Nonetheless,
no statistical method can truly substitute for
a randomized control trial.

www.journaloftraumanursing.com 263
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Whole Blood Compliance

Initially, laboratory testing orders were manually
placed for each timepoint (i.e., 12, 24, and 48 hr) resulting
in compliance issues. To address these inefficiencies,
a shortcut/abbreviation was developed to initiate an auto-
mated response (smart phrase) and utilized to improve
order compliance within the electronic health record.
Furthermore, additional review by trauma services ensures
the ordered labs were performed. In the future, we aim to
automate the ordering of these laboratory tests whenever
whole blood administration is documented in the electro-
nic health record.

Wastage Rates

Other options for whole blood use are constantly
being explored, such as utilization for obstetrical
hemorrhage. Additionally, the hospital-based air ambu-
lance service now carries whole blood for trauma trans-
port, benefiting both wastage rates and enabling earlier
hemestatic resuscitation en route.

CONCLUSIONS

This cold-stored whole blood program has proven
sustainability through consistent administration of
whole blood with no lapse in product availability since
its establishment in 2020.

The successes of the whole blood program include:
(1) providing onboarding and continuing education for
nurses, providers, and blood bank personnel; (2) ensur-
ing compliance with national AABB standards, includ-
ing monitoring for hemolysis; (3) thoroughly reviewing
patient outcomes after whole blood administration; and
(4) monitoring and maintaining minimal product waste.

This whole blood program demonstrates its criti-
cal role in delivering up-to-date, evidence-based care to
severely injured patients in a vast, rural region. Our
study further strengthens the existing body of research
by highlighting the feasibility and positive outcomes of
whole blood resuscitation for severely injured trauma
patients facing extended transport times and distances.
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