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EDITORIALS

Blood Supply Challenges in a Denied Combat Environment

Brian C. Riley™; Michael J. Lauria, MD?; John R. Hess, MD, MPH?; Daniel J. Roubik, MD*

Background

During two decades of combat in Southwest Asia, improve-
ments in the combat trauma system enabled a 44% reduc-
tion in mortality for the most critically injured casualties.!
Medics transfused blood products at the point of injury and
transported casualties to awaiting surgical teams within the
“golden hour.” Stabilized patients were moved by helicopter
to theater medical facilities on par with level 1 trauma centers,
then spirited off to Landstuhl Regional Medical Center aboard
aircraft outfitted as flying intensive care units.? The military
medical system delivered the highest combat trauma survival
rate in history.! However, those outcomes were only possible
because of America’s air supremacy, which enabled the rapid
aerial transport of patients, medics, and supplies.® All of that
will change in a major conflict with a near-peer adversary.

Medical care during large-scale combat operations (LSCOs)
will be defined by disrupted supply chains and communication
links, long casualty transport distances, and extended periods
of stop-movement due to air threats.* Instead of training to
meet the golden hour, teams are training to manage critical
patients at the point of injury for hours or even days. Pro-
longed Field Care has entered the military medical lexicon
and is quickly becoming the new normal.’ Previously mature
combat theaters in the Middle East have retrograded to cen-
tral hubs with few forward-operating bases. Medical teams
in Eastern Europe are managing mass casualty events under
constant aerial threat.® In the Pacific, teams are preparing to
execute their missions without the logistic support or commu-
nication connectivity previously enjoyed under the umbrella
of air and space supremacy. In the future fight, teams will go
forward with the equipment needed for their mission, and they
may not be resupplied for several weeks until air superiority
is established. Shelf-stable supplies such as ammunition and
meals-ready-to-eat (MREs) will be readily available, but blood
products, with expiration dates and refrigeration require-
ments, will be in short supply.®

In a combat environment where medical evacuation and re-
supply are significantly delayed, physicians and medics may be
faced with the decision to transfuse blood products outside of

optimal storage parameters. Before deviating from regulations,
providers should understand the basis for those regulations
and the scientific justification for deviation. Storage regula-
tions exist to deliver safe and effective blood to the average
patient. In a denied combat environment, the patient is not
average and the standard of care may not be possible.

The Joint Trauma System (JTS) publishes a robust collection
of Clinical Practice Guidelines (CPGs) to address the vast ma-
jority of combat medical scenarios. This article is not meant to
supersede the relevant guidelines.”® The intent of this article is
to address transfusion dilemmas medical teams may face in a
contested, degraded, and operationally limited combat envi-
ronment, which are not addressed in the CPGs.

Regulations

Blood product storage requirements are derived from expert
consensus based on in vitro and in vivo studies; they have never
been tied to clinical outcomes. Liquid products have wide vari-
ability in storage quality based on uncertain donor characteris-
tics.’ Therefore, regulations aim to deliver high quality products
to the vast majority of patients with a conservative safety mar-
gin to account for storage quality variation. Although the U.S.
Food and Drug Administration (FDA) has codified storage re-
quirements, deviation is permitted when clinically indicated.

The Association for the Advancement of Blood and Biothera-
pies (AABB) acts as an industry organization for transfusion
medicine in the United States, providing standards, inspection
services, and other aids to help individual blood banks stay
within FDA regulations. According to AABB Standards section
1.3.2, “Any exceptions to policies, processes, and procedures
warranted by clinical situations shall require justification and
preapproval by the medical director.”!® The FDA maintains a
cumulative list of previous exceptions demonstrating the wide
variety of circumstances under which regulatory deviation was
necessary.'! If a pre-approved exception is not feasible, the
medical director must report the deviation through the Armed
Services Blood Program.
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Expired Blood

Situation: Your team is deployed into a contested
battlespace. Resupply is delayed and your blood
products are now expired. Can you still use them?
Expiration dates for red blood cells (RBCs) and whole blood
(WB) are set by the maximum length of storage during which
hemolysis does not exceed 1% and 24-hour post-transfusion
recovery remains above 75%.!? Based on these criteria, RBCs
have a 42-day shelf life when stored in additive solutions. WB
expires after 21 days when stored in citrate-phosphate-dextrose
(CPD) or 35 days with the addition of adenine (CPDA-1).%3
However, quality standards are anchored to obsolete storage
systems and measurement techniques.'* A safety margin may
exist as recent studies suggest modern RBCs and WB usually
out-perform the allowable limits for hemolysis and recovery
on the day of expiration.'5-!8

Numerous studies have assessed the association between ex-
tended RBC storage duration and clinical outcomes. Four in-
ternational randomized controlled trials found no association
between extended storage duration and worsened patient out-
comes."”?? Secondary analyses of patients who received RBCs
that were 35-42 days old found increased infection,*-** but
a concurrent increase in mortality was only found in the crit-
ical care subset of a single study.?* In general, the studies that
found worsened outcomes included patients with comorbidi-
ties that are rare in the military population.

Although fresher blood is likely preferable, official support
exists for the use of expired blood under extenuating circum-
stances. In response to decreased blood donations at the start
of the COVID-19 pandemic, Canadian Blood Services assessed
49-day-old RBCs and announced, “The data collected here
supports healthcare professionals and regulatory agencies in
making informed decisions about transfusing [RBCs] past ex-
piry for patients in dire need.”?® Clinical precedent exists for
the use of expired blood in the U.S. Military. According to the
U.S. Army Institute of Surgical Research, 0.4% of blood prod-
ucts transfused in U.S. combat theaters from 2002 to 2019
were expired—1,491 expired units transfused to 749 patients.
RBCs were the most common product transfused out of date
(899 units, 60% of the total), but the report describes post-date
use of all deployed products (RBCs, WB, platelets, fresh frozen
plasma, liquid plasma, and cryoprecipitate). Most units (86 %)
were only 1-3 days post date at the time of transfusion.?’

In a retrospective review of military databases, 11.6% of ex-
pired RBC recipients were deceased at discharge compared
with 13.4% of the matched control cohort. After adjustment
for injury severity, exposure to expired RBCs was insignifi-
cantly protective (OR, 0.40 [95% CI 0.14-1.16]; P=.09). All
11 recipients of expired WB and the 3 recipients of expired
room-temperature platelets were alive at discharge.?® Previous
studies showed that patients do better when transfusion is ini-
tiated early and sustained as long as required.?*-*' Modestly
expired blood may safely and effectively extend an exhausted
blood supply.

When patient evacuation and blood resupply are unpredict-
able, providers might consider quarantining expired blood for
possible use in an emergency. Properly refrigerated RBCs and
WB units are likely safe and effective for at least 7 days be-
yond expiration. Whether to transfuse expired units only after

exhausting the in-date supply or to intersperse expired units in
an effort to dilute any storage lesion effects is uncertain and
should be left to provider judgement based on blood supply
status and the patient’s clinical picture.

Storage Temperature Deviation

Situation: The base power generator is broken and the
back-up battery on your blood refrigerator is now dead.
Can you still use blood that has exceeded the storage
temperature?

Regulations require that RBCs, WB, and cold-stored plate-
lets (CSP) be stored at 1-6°C to protect metabolic and he-
mostatic function while minimizing risk of bacterial growth.*
The power supply needed for refrigeration may be unreliable
in a denied combat environment, and providers could find
themselves managing a blood supply with repeated tempera-
ture deviations. If unit temperatures briefly exceed 6°C due to
power loss, the most analogous regulation is the transporta-
tion guideline that allows unit temperatures up 10°C for no
more than 24 hours.?® Beyond this, the decision to hold or
discard a unit is less clear.

An in vitro study evaluated fresh WB stored in CPD at 19°C
and 25°C for up to 72 hours. At the end of day 3, the WB main-
tained cellular counts and coagulation activity, although units
stored at 19°C showed stronger platelet aggregation response.
No significant hemolysis or bacterial growth was detected.?*
When RBC units were allowed to warm to 25°C for 24 hours
then returned to refrigeration, they were found to lose 12 days
of shelf life; in other words, the units met storage quality re-
quirements until day 30.%® Comparing units stored at 4°C and
22°C for 5 days, minimal differences were found in hemolysis,
hemoglobin, and hemostatic function.’* Another study eval-
uated WB transiently exposed to 28°C for 4 hours per week
throughout its 35-day shelf life. Two out of 8 units had he-
molysis of 1.1% and 1.2%, but quality and hemostatic func-
tion were otherwise unaffected. The authors concluded, “In a
military or contingency setting, the risks related to hemolysis
should be weighed against the need for blood availability.”3”

The current list of FDA-approved variances includes numerous
instances of storage temperature deviation, giving precedent
for transfusing blood products outside of storage parameters.
WB units that transiently exceed storage temperature limits or
are held at room temperature for as long as 5 days may still be
effective. This may also be true for RBC units, although data
is not available. Bacterial growth is a concern in products that
exceed the maximum storage temperature, and the challenge
of managing an infection in an austere location should be con-
sidered accordingly. Although every effort should be made to
protect the blood supply with proper refrigeration, providers
should weigh the possible effects of temperature deviation
against the need for urgent transfusion.

Walking Blood Bank

Situation: Your team is out of blood, and resupply is not
coming. Can you use a walking blood bank to replenish
your stockpile?

According to the Pararescue Medical Handbook guidance
for walking blood banks, fresh WB “can be safely stored in
an FDA approved collection bag at room temperature for 24
hours (this is not recommended because the blood should be
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given immediately to the casualty or re-infused into the do-
nor).”*® However, a closer look at regulation source docu-
ments reveals an alternative option.

Fine print in the JTS CPG for whole blood transfusion (CPG
ID: 21) gives the caveat, “If placed into refrigerated storage
within 8 hours of collection, the unit may be stored for 21 or
35 days depending on the anticoagulant used. Joint Blood Pro-
gram Office approval is required for storage of whole blood
units for longer than 24 hours.”® Although walking blood
banks are typically used reactively, there may be value in us-
ing available donors to pre-emptively stockpile WB. As previ-
ously mentioned, early transfusion appears to correlate with
improved survival, so having WB immediately available would
facilitate prompt transfusion at the point of injury or in for-
ward medical facilities.?**! A stockpiling approach would also
give donors a longer recovery period ahead of a large military
operation to improve combat effectiveness. When properly
stored at 1-6°C, WB collected in this manner should be safe
and effective for the shelf life associated with the given anti-
coagulant (21 d for CPD or 35 d for CPDA-1). The standard
requirements of using pre-screened donors and performing
pathogen testing, when possible, still apply.

Conclusion

A retrospective review of military casualty data showed that
transport to definitive care within the golden hour reduced
mortality rates by 39%.% Meanwhile, patients who appro-
priately received a prehospital blood transfusion had an 83%
lower mortality rate compared to those who needed blood
when none was available.*’ In an LSCO against a near-peer ad-
versary, casualty movement will be restricted, and the golden
hour may be impossible. For casualties who need blood, start-
ing transfusion early will be crucial; however, blood products
may need to navigate enemy-controlled airspace and endure
degraded storage conditions before reaching the patient. Un-
der these circumstances, the only available blood may exceed
the recommended storage duration or temperature limits.
While a preemptive walking blood bank may prove useful,
providers should also be aware that blood storage regulations
have a conservative safety margin, and modest deviations may
be clinically appropriate.
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