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Low-titer group O blood products (LTOBP) and freeze-dried plasma:

a novel strategy for balanced hemorrhage resuscitation

Pimol Chiewsilp and Dootchai Chaiwanichsiri
National Blood Centre, Thai Red Cross Society

Introduction

Recent military conflicts have reinforced the critical
importance of timely blood transfusion for the survival
of combat casualties with life-threatening hemorrhage.'
These operational challenges have driven continued
refinement of transfusion strategies in both military and
civilian trauma care. The concepts of Damage Con-
trol Resuscitation (DCR)** and Remote Damage Control
Resuscitation (RDCR)* have evolved to emphasize the
early administration of blood products, beginning in
the prehospital setting whenever feasible, to reduce
mortality associated with severe hemorrhage and hem-
orrhagic shock.

Among currently available blood products, Low-
titer Group O Whole Blood (LTOWB) has emerged as
the preferred first-line transfusion product for trauma
resuscitation when available.”* LTOWB provides all
three essential components required for balanced resus-
citation within a single unit: red blood cells to restore
oxygen-carrying capacity, platelets to support primary
hemostasis, and plasma to replenish intravascular volume
while supplying coagulation factors necessary for the
correction of trauma-induced coagulopathy.*” In addi-
tion to its physiological advantages, LTOWB simplifies
transfusion logistics by reducing the need to transport
and administer multiple individual blood components.’

Current evidence indicates that LTOWB can be safely
used as an emergency uncrossmatched blood product
for most patients with unknown ABO blood type, par-
ticularly Rh-positive recipients, and in situations where
compatibility testing is unavailable or would result in

10,11

unacceptable treatment delays. The safety of this

approach depends on the use of group O whole blood
containing low titers of anti-A and anti-B isoagglutinins,
with acceptable titer thresholds defined according to
national or institutional policies.”

Despite these clinical advantages, two important chal-
lenges limit the widespread implementation of LTOWB.
First, the production capacity of LTOWB is inherently
limited because only a relatively small proportion of
blood donations meet the eligibility criteria for low-titer
whole blood. Second, maintaining LTOWB inventories
at multiple hospitals may result in substantial product
wastage due to expiration, particularly in facilities with
low transfusion demand, leading to unnecessary loss of
valuable blood resources.

Consequently, there remains a need for an alternative
transfusion strategy that preserves the principles of
balanced resuscitation while improving product avail-

ability, inventory management, and logistical flexibility.

Concept of low-titer group O blood products (LTOBP)

To address the limitations associated with the im-
plementation of LTOWB, we propose the concept of
Low-titer Group O Blood Products (LTOBP) as an alter-
native blood product package for emergency hemorrhage
resuscitation as well as product availability in emergency
and resource-limited settings (Figure 1).

The LTOBP package consists of the following com-
ponents:

1. Red blood cell-platelet component

A group O platelet-rich red blood cell (PR-RBCs)

component suspended in an additive solution, providing

both oxygen-carrying capacity and functional platelets.
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Figure 1 Concepts of LTOWB and LTOBP

2. Plasma component
Either of the following low-titer plasma products
may be used:
Option 1 Fresh frozen plasma (FFP) selected
according to ABO compatibility:
- Group AB FFP
- Low-titer group B FFP (low anti-A)
- Low-titer group A FFP (low anti-B)
Option 2 Freeze-dried plasma (FDP)** manufac-
tured from a single unit of fresh plasma meeting the
same low-titer criteria described above.

By combining the cellular component with low-titer
plasma products, the LTOBP package is intended to
provide red blood cells, platelets, plasma volume, and
coagulation factors in proportions comparable to those
delivered by LTOWB, maintaining the fundamental

principle of balanced resuscitation.

Preparation and operational characteristics of LTOBP
Preparation of group O platelet-rich red blood cells
Fresh group O whole blood is collected within 6

hours of donation, in accordance with the collection

requirements for the preparation of conventional blood

components. The whole blood is processed using a

refrigerated centrifuge with a heavy-spin protocol,

allowing the platelets to remain associated with the

red blood cell component. This process produces one

unit of group O platelet-rich red blood cells (PR-RBCs).

The storage duration of the PR-RBCs is determined by
the type of anticoagulant and/or additive solution used
for blood collection and storage. The resulting group
O PR-RBCs may be used for transfusion in patients of
any ABO blood group in emergency situations. The
separated plasma is subsequently removed and may be
used for other clinical or transfusion-related purposes.

Preparation of LTOBP

The cellular component (group O PR-RBCs suspended
in additive solution) is combined with either low-titer
FFP or low-titer FDP using a sterile closed system. Fol-
lowing preparation, LTOBP should ideally be transfused
immediately to ensure platelet viability and clotting
ability. If the unit is opened and spiked, it must be
completely transfused within 4 hours. If the unit remains
unopened after preparation, the PR-RBCs may continue
to be stored at 1-6°C for the approved shelf life of the
additive solution. Transportation must be maintained
at 2-10°C in accordance with WHO blood cold chain
guidelines (Figure 2).

Freeze-dried plasma (FDP)

Immediately before administration, FDP is reconsti-
tuted using sterile water for injection or the specified

sterile diluent, according to the manufacturer’s validated

Workflow for LTOBP Preparation

Group O Platelet-rich RBCs
+

Low-titer FFP or FDP

Nz
Sterile Closed System Mixing

W
LTOBP Package Ready for Transfusion
N2

Transfuse Immediately
or
Store at 1-6°C
according to the additive solution shelf life

Figure 2 Workflow for preparation of Low-titer Group

O Blood Products (LTOBP)

J Hematol Transfus Med Vol. 36 No. 4 October-December 2026



Low-titer group O blood products (LTOBP) and freeze-dried plasma 339

instructions. Reconstitution typically requires only a

few minutes, allowing plasma therapy to be initiated
substantially earlier than with conventional thawed FFP."
Following reconstitution, FDP should preferably be trans-
fused promptly and, where storage after reconstitution
is permitted, used within the validated post-reconsti-
tution storage period specified by the manufacturer’s
instructions. This period may vary among FDP products
depending on validated stability data. Recent studies
have demonstrated that modern FDP retains coagulation
factor activity and overall hemostatic function compa-

rable to conventional FFP following reconstitution. "

Recommendations for clinical practice

The LTOBP package is designed to facilitate emer-
gency transfusion in patients of any ABO blood group
including those whose blood type has not yet been
determined (Figure 3).

Recommendation 1. Early plasma resuscitation

When packed red blood cells (PRCs) or whole blood are
not immediately provided, FDP should be administered
as early as possible to resuscitate and help preserve
intravascular volume, supports coagulation factor replace-
ment, and mitigates trauma-induced coagulopathy. It
serves as an effective bridge therapy during the interval
before whole blood or conventional blood components

. 18,19
become available.

Clinical Practice for Massive Hemorrhage

PRC available?

No Yes
FDP immediately Prepare LTOBP
J (Gr.O PR-RBCs
add Gr.O PR-RBCs + low-titer Plasma)

l l

Balanced Resuscitation

Figure 3 Clinical algorithm for emergency hemorrhage

resuscitation using FDP and LTOBP

Recommendation 2. Balanced transfusion

Once red blood cells become available, balanced
transfusion should continue according to current Massive
Transfusion Protocols (MTPs), targeting an approximately
balanced ratio of red blood cells, plasma, and platelets
whenever clinically feasible.

Depending on clinical requirements, reconstituted
plasma may either be combined with the group O
PR-RBCs to create a complete LTOBP package or
administered separately according to the patient’s clinical

condition and physician judgment.

Discussion

Unlike LTOWRB, the proposed LTOBP strategy com-
bines readily available blood components to replicate
the physiological benefits of whole blood while providing
greater flexibility in production and inventory management.
This approach may enhance national blood preparedness
by enabling existing blood component inventories to
support balanced transfusion without requiring dedicated
LTOWB programs at every institution.

Consequently, LTOBP may facilitate earlier hemo-
static resuscitation during prolonged evacuation and
in resource-limited settings, thereby supporting the
principles of Remote Damage Control Resuscitation

(RDCR) (Figure 4).

Current strategy
LTOWB = Balanced Resuscitation
Limitation
- Limited availability
- Inventory loss
- Short shelf utilization
- Cold chain transport

Proposed strategy
Group O Platelet-rich RBCs + Low-titer FFP or FDP

LTOBP Package - Balanced Resuscitation
+ Higher availability
+ Scalable production
+ Reduced wastage
+ Good inventory control
+ FDP 2-25°C, improved logistics

Figure 4 Comparison of balanced hemorrhage resusci-

tation strategies using LTOWB and LTOBP
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From a transfusion safety perspective, this transfusion
strategy also offers theoretical advantages. Whereas
LTOWB contains both anti-A and anti-B isoagglutinins,
the plasma component of LTOBP is selected as low-titer
group A or low-titer group B plasma, exposing recipients
to only one major ABO antibody specificity. Although
clinical safety ultimately depends on validated low-titer
thresholds, institutional policies, and appropriate
patient selection, this strategy may theoretically reduce
exposure to incompatible ABO isoagglutinins, although
this hypothesis requires prospective clinical validation.

Another important consideration is preservation of
coagulation function. In LTOWB, plasma coagulation
factor activity gradually declines during refrigerated
storage.”’ In contrast, the plasma component of LTOBP
is supplied as either freshly thawed FFP or reconstituted
freeze-dried plasma immediately before transfusion,
preserving coagulation factor activity at the time of
administration. This characteristic may contribute to
more effective correction of trauma-induced coagulopathy
during massive hemorrhage, although direct comparative
clinical studies are still needed.

The incorporation of FDP into the LTOBP package
extends the operational reach of balanced transfusion
beyond hospitals by overcoming one of the principal
logistical barriers associated with frozen plasma. These
characteristics have made FDP an increasingly important
component of military transfusion systems and prehospital
trauma care in several countries, with growing evidence
demonstrating coagulation performance comparable to
conventional FFP after reconstitution.'***

Although the LTOBP concept is supported by current
transfusion principles and available evidence regarding
its individual components, prospective clinical valida-
tion is required before routine implementation. Future

multicenter clinical studies should compare LTOBP

with LTOWB and conventional component therapy with

respect to mortality, transfusion requirements, correction
of trauma-induced coagulopathy, safety, and cost-effec-
tiveness. Such studies will be essential to establish the

role of LTOBP within modern trauma transfusion practice.

Conclusion

Low-titer Group O Blood Products (LTOBP) repre-
sent a readily implementable blood product package
designed to support balanced transfusion during emer-
gency hemorrhage resuscitation. By combining a group
O PR-RBCs with either low-titer FFP or FDP, LTOBP is
designed to provide the essential physiological functions
of whole blood while offering important advantages in
production, inventory management, distribution, and
operational flexibility.

Among its components, FDP is particularly valuable
because it combines hemostatic efficacy comparable
to FFP with prolonged room-temperature storage, rapid
bedside reconstitution, and simplified transportation.
These characteristics make it especially suitable for
combat casualty care, disaster medicine, aeromedical
evacuation, prolonged field care, and remote healthcare
environments.

This LTOBP strategy has the potential to expand
access to balanced resuscitation in settings where
LTOWB is unavailable or difficult to sustain, while having
an advantage in health economics by reducing blood
wastage. As freeze-dried plasma becomes increasingly
available worldwide, integration of the LTOBP concept
into national emergency blood preparedness programs
may enhance resilience and responsiveness of mod-
ern transfusion services and strengthening emergency
transfusion capability in Damage Control Resuscitation.
However, further multicenter clinical studies should
be performed to compare LTOBP with LTOWB and

conventional component therapy.
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