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Massive hemorrhage is an immediate threat to life. The military developed the Tactical Combat Casualty
Care guidelines to address the management of acute trauma, including administration of blood products.
The guidelines have been expanded to include low titer O whole blood, which is in limited use by the military. This proposal describes how the transfusion of fresh whole blood might be applied to the remote civilian environment. In doing so, this life-saving intervention may be brought to the austere medical
environment, allowing critically hemorrhaging patients to survive to reach deﬁnitive medical care.
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Introduction
Wilderness and military prehospital practitioners face similar challenges in providing medical care. Some factors
relate to the austere, remote, and harsh environments that
are frequently encountered. Constraints in the availability
and functionality of medical resources and personnel in isolated locations also occur. Both wilderness and military
operations may involve prolonged evacuation times and
delays before reaching deﬁnitive care. Early utilization of
blood transfusion has improved survivability during recent
conﬂicts. 1 Therefore, transfusion capabilities at the point of
injury (POI) may be lifesaving. There are signiﬁcant opportunities to advance wilderness medical care by incorporating the battleﬁeld lessons learned by military providers.
In 2016 the Wilderness Medical Society hosted a Tactical Combat Casualty Care (TCCC) preconference at the
Seventh World Congress of Mountain & Wilderness Medicine in Telluride, Colorado. At this preconference, subject
matter experts presented substantial contributions to
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wilderness medicine by way of lessons learned from the
military. These proceedings were subsequently published. 2
Information presented here highlights and expands the
understanding of one previously published principle, the
practice of low titer group O whole blood (LTOWB)
transfusion. 3
Background
Hemorrhage is the leading cause of potentially preventable
death in combat injuries. 4 The model of damage control
resuscitation emerged to address the high fatality rate of
traumatic injuries. 5 The basic principles are rapid identiﬁcation of hemorrhagic shock, mechanical and pharmacologic
hemorrhage control, hemostatic resuscitation to maintain
cerebral perfusion, and permissive hypotension. 6 These
interventions improve survival by means of hemostasis
and maintenance of circulating volume while avoiding
acidosis, hypothermia, and coagulopathy. 3 Remote damage
control resuscitation is the application of these principles to
the prehospital environment. 7
Effective implementation of hemostatic resuscitation at
the POI is a particular challenge. There is now consensus
that balanced blood-based replacement strategies result in
improved outcomes. 8 Current TCCC guidelines advocate
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the use of whole blood for resuscitation. 9 Additionally,
short-term survival of combat casualties is signiﬁcantly
improved when blood products can be administered within
34 min of injury. 10 The provision of “blood far forward”
enables transfusion to begin at the POI, improving
survivability. 11
From World War I through the Vietnam War, the military relied on whole blood for the treatment of hemorrhagic
shock. During the Vietnam War more than 260,000 units
were transfused, with 38 documented transfusion
reactions. 12 The advent of component-based transfusion
medicine in the 1970s put an end to this practice. Using lessons learned from recent military conﬂicts, the practice of
whole blood transfusion has been resumed. This is typically
supplied as a cold-stored product from an accredited blood
banking facility. However, the military has adopted the
practice of fresh whole blood transfusion at POI for those
instances when delivery of cold-stored blood is not feasible.
Fresh whole blood is collected on demand from prescreened donors, which allows transfusion to begin prior
to evacuation. 13 Additionally, this blood does not need to
be warmed prior to administration.
Military innovations in hemostatic resuscitation have
inﬂuenced civilian trauma care. Increasingly, civilian emergency departments maintain whole blood supplies for
immediate administration on arrival. 14 The San Antonio
Fire Department emergency medical system in conjunction
with University of Texas Southwest medical center have
administered in excess of 100 units of whole blood in the
prehospital setting. 15 Subsequently, multiple municipalities
across the United States instituted similar prehospital transfusion protocols. Ground and helicopter-based emergency
medical services units carry whole blood to initiate transfusion in conjunction with transport to deﬁnitive care. 16
Royal Caribbean International has developed a fresh
whole blood transfusion protocol for use on remote cruise
expeditions. 17 Additionally, the petroleum industry has
developed whole blood transfusion programs for use on
its remote platforms. 18 In the wilderness setting, several
case reports have highlighted the necessity of developing
a wilderness transfusion protocol. 17 , 19e21 A review of
basic transfusion medicine explains how this can be performed safely.
TRANSFUSION MEDICINE
Human blood types are classiﬁed as A, B, and O and are
determined by the expression of carbohydrate chains on
the erythrocyte cell membrane. 22 These chains are not
unique to humans and are also expressed by certain bacteria, viruses, and plants. Humans over the age of 3 months
begin to develop immunoglobulin M antibodies to these
non-native carbohydrate chains via the intestinal mucosa. 22
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Individuals with group A blood will be antigen positive for
group A and will develop anti-B antibodies. An individual
with group O blood does not have any red cell expression
of antigens and will develop antibodies to type A and B
blood. 23 Blood group mismatch during transfusion can
lead to severe hemolytic transfusion reactions due to ABO
incompatibility. 24 Recipient antibodies will attack foreign
donor cells with resultant hemolysis, hemoglobinuria, disseminated intravascular coagulation, and hypotension.
Because group O red blood cells do not express antigens,
recipient antibodies will not be activated on exposure,
which reduces the risk of a severe transfusion reaction. 24
The plasma of O individuals will contain antibodies to
both A and B surface antigens. When transfused into
nonegroup O recipients, these antibodies may initiate a
transfusion reaction. However, O whole blood that has a
low titer (low level) of anti-A and anti-B antibodies can
be safely transfused across blood groups. Speciﬁcally, the
plasma of O whole blood is evaluated for the level of antibodies to A and B surface antigens. This is known as the
antibody titer. Although there is no consensus on the deﬁnition of low titer, most experts agree that an immunoglobulin
M titer below 1:256 is suitable for use as universal donor
blood. 13 , 25 This LTOWB can then be used for non-typespeciﬁc emergency transfusions with signiﬁcantly reduced
risk of transfusion reactions. 26
Rhesus (Rh) factor incompatibility is less likely to cause
transfusion-related reactions. Of the 50 types of Rh factors,
D incompatibility is the most signiﬁcant. 22 Most individuals are Rh(D)D and do not produce anti-Rh(D) antibodies. However, individuals who are Rh(D)L may develop
antibodies on exposure to Rh(D)D blood. This sensitization
will result in an immunoglobulin G mediated transfusion
reaction on subsequent exposure to Rh(D)D blood. Alloimmunization is particularly important in women of childbearing age because antibody activation in Rh(D)L women can
lead to fetal hemolysis during pregnancy. 27 To prevent
alloimmunization, Rh immunoglobulin needs to be administered within 72 of exposure of Rh(D)D antibodies. 28
Alloimmunized women require specialty antenatal care to
prevent fetal anemia. 29
TRANSFUSION REACTIONS
Transfusion reactions can range in severity from mild to
severe and can occur acutely or have a delayed onset.
These reactions are broadly characterized as immunologic
or nonimmunologic reactions. 22 Immunologic reactions
are due to recipient antibodies interacting with donor antigens. These reactions include acute hemolytic, delayed
hemolytic, febrile nonhemolytic, simple allergic, and anaphylactic reactions. Immunologic reactions associated
with donor anti-HLA and antigranulocyte antibodies result
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in transfusion-related acute lung injury (TRALI). Transfusion-associated circulatory overload (TACO) is a nonimmunologic transfusion reaction caused by rapid
intravascular volume expansion in individuals with limited
cardiac reserve or impaired renal function. Other nonimmunologic reactions include disease transmission and bacterial
contamination, 30 which typically have a delayed onset.
Symptoms of reactions range from mild to severe: urticaria,
itching, chills, rigors, temperature elevation, dyspnea,
respiratory distress, and hypotension. Mild symptoms can
be treated symptomatically. However, evidence of temperature elevation of greater than 1 C (2 F) indicates development of a potentially harmful reaction, and termination of
transfusion should be considered before more signiﬁcant
complications result. 22 If a reaction occurs, the risk of continuing the transfusion must be weighed against the risk of
possible death from hemorrhagic shock.
LTOWB
Transfusion strategies for remote damage control resuscitation can involve group-speciﬁc whole blood or LTOWB.
Using a group-speciﬁc transfusion protocol means each
recipient will be matched with a donor from the same
blood group. This approach has the advantage of ensuring
ABO compatibility of red cells and plasma. The signiﬁcant
disadvantage of this approach is the risk of a major transfusion reaction if an error occurs. Additionally, group-speciﬁc
donors may be limited, and resuscitative efforts may be
restricted by inadequate supply. 31
A transfusion strategy based on LTOWB has several
advantages. There is ABO compatibility of red cells in all
recipients. Crossmatching is unnecessary, and transfusion
may begin immediately. There will be a large number of
potential donors because 45% of the population is group
O 25 and the majority have titers <1:256. 32 The most significant disadvantage is the need to check titers prior to departure. If titer levels are not accurately identiﬁed, there is a
risk of a minor hemolytic transfusion reaction. There is general consensus that LTOWB is the safest approach to emergency transfusion in the austere environment. 31
WILDERNESS CONSIDERATIONS
Applying these techniques to the remote wilderness environment can be complex. Necessary transfusion supplies
must be carried because most transfusion equipment cannot
be improvised. Collection is limited to a single unit from
each donor to avoid physical deterioration. 33 Although
exercise capacity seems to be maintained at sea level, max_ 2max Þ is reduced, which may
imum oxygen uptake ðVO
affect performance at altitude. 34 Additionally, maintaining
aseptic technique in the remote environment can be challenging. For these reasons, fresh whole blood transfusion
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protocols need to be tailored to ﬁt the unique limitations
of the wilderness environment. This protocol has been
adapted from several published sources for the austere
environment. 7,13,17,27,31 An outline of the transfusion protocol and a kit list are included in online Appendices 1 and 2.
Commercial kits are available from multiple sources.
ASSESSMENT
Before considering transfusion, the diagnosis of hemorrhagic shock must be conﬁrmed. This involves evaluating the
mechanism of hemorrhage, mental status, and
hemodynamics. 17 Palpable pulses for assessing hemodynamic status are advocated by TCCC. These estimates generally overestimate the actual blood pressure. 35 Therefore,
when implementing an advanced intervention, such as
whole blood transfusion, it may be beneﬁcial to quantify
blood pressure. A simple alternative is to determine the
palpable blood pressure. While palpating the pulse, inﬂate
the cuff in 10 mm Hg increments until pulse is no longer
palpable. Increase pressure by another 10 mm Hg, and
then begin to slowly deﬂate the cuff. Return of the palpable
pulse conﬁrms the systolic pressure. As the cuff deﬂates,
experienced providers will be able to palpate a thrill indicating the diastolic pressure. 36 In the setting of hemorrhage, a
patient with a systolic blood pressure <100 mm Hg and a
pulse rate >100 beats·min -1 meets the deﬁnition of shock. 37
DONOR SELECTION
The predeparture brieﬁng is an opportune time to address
the idea of fresh whole blood transfusion with the team.
Preparing to travel to areas that are remote, inaccessible,
or lack a reliable blood supply warrant a discussion about
the feasibility of adopting a blood transfusion protocol.
The risk of requiring a transfusion during the trip is low,
but if needed, suitable donors are prescreened fellow team
members. The team will also need to consider the ethical
and logistic implications of remote transfusion. Speciﬁcally, the team must come to a consensus as to whether a
transfusion will be offered only to teammates or also to
local citizens, porters, and in-country support staff. With
these parameters clearly deﬁned, volunteers from the team
can then be identiﬁed as potential donors. Informed consent
is obtained from these individuals and can be revoked at
any time. Blood donation should be considered purely
voluntary.
All team members should have conﬁrmatory ABO testing well in advance of departure. Donors who have group O
blood will undergo further testing to determine antibody
titer levels. These levels can change over time and may
require periodic conﬁrmation. 38 , 39 The most desirable
donors are males with low titer O blood (<1:256). Blood
obtained from female donors who have been pregnant
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may be associated with TRALI and other transfusion reactions. Women should not be considered ﬁrst-line donors
until further research provides a more accurate assessment
of this risk. 40 Additionally, family members should not
serve as donors to their genetic relatives because of the
risk of graft versus host disease. 16 If no LTOWB donors
are identiﬁed, consideration can be given to using any available group O donors. The risk of death from hemorrhagic
shock outweighs the risk of a minor transfusion reaction. 41
In addition to typing, volunteer donors should be tested
for transfusion-related infections including hepatitis B,
hepatitis C, HIV, and syphilis. 42 Vaccination schedules
should be completed before travel. An additional complexity during travel to areas with arthropod-borne illnesses is
the risk of transmission via blood transfusion. These illnesses include West Nile virus, Zika, malaria, Chagas disease, babesiosis, leishmaniasis, and Lyme disease. On
expeditions to endemic areas, effective vector control is
important. Additionally, only donors who are feeling well
should be used for collection.
LTOWB TRANSFUSION PROTOCOL FOR THE
AUSTERE ENVIRONMENT
Before instituting a LTOWB transfusion protocol, team
members require training in the science and practice of
transfusion medicine. Undertaking transfusion of fresh
whole blood can involve signiﬁcant risks if not meticulously conducted. With appropriate training, transfusion in
the austere environment can be lifesaving in the setting of
hemorrhagic shock.
Once the need for emergency transfusion is identiﬁed,
the fresh whole blood transfusion protocol is instituted,
and a volunteer donor is sought. Potential donors should
be questioned about any recent engagement in high-risk
sexual behaviors, illicit drug use, arthropod exposure, and
illnesses. Men are preferred donors. Female donors are
used once the male donor pool is exhausted. If the recipient
is female and of childbearing age, the highest priority donor
is a low titer O Rh(D)L male. Rh(D)D donors may be used,
but alloimmunization is a signiﬁcant risk to future
pregnancies. 27
With the donor identiﬁed, the ﬁrst step is to obtain blood
samples from the donor and recipient. A 12 mL sample is
needed to ﬁll red and lavender top vacutainers, which are
saved for retrospective testing. Additionally, a few drops
are used to complete a point-of-care ABO test kit. This
serves as another level of safety, reconﬁrming the blood
types of the donor and recipient. All samples collected
need to be clearly labeled with the individual’s name and
birthdate, the date and time of collection, and the initials
of the person who drew the samples. On return to deﬁnitive
care, these will be used for testing of blood type,
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hemoglobin concentration, and transmissible diseases. It
is of particular importance to obtain a pretransfusion sample
from the recipient because blood typing can be difﬁcult
once non-type-speciﬁc blood has been transfused. 27
A large antecubital vein is identiﬁed and punctured by
the needle of the collection bag, which is ﬁlled passively
by gravity. Gentle agitation is used to fully mix the anticoagulant and prevent clotting. To prevent overﬁlling, a length
of cord is tied around the waist of the collection bag to a circumference of 18 cm (7 in). Alternatively, a zip tie premarked at 18 cm (7 in) may be used. This simple
procedure removes the need to weigh the bag and reliably
prevents the collected volume from exceeding 450 mL. 43
This blood should be transfused within 6 h. Encourage
the donor to maintain nutrition and hydration during donation. After a brief observation period of 15 min, donors may
return to normal activities at their discretion.
Intravenous or intraosseous access 44 is obtained in the
recipient. The collected blood is delivered via blood ﬁlter
tubing. Blood should be allowed to ﬂow via gravity but
may require application of pressure if using intraosseous
access. 45 The recipient should be continually evaluated
for evidence of a possible transfusion-related reaction. Rigors, elevated temperature, ﬂank pain, dark urine, and shortness of breath are all indications of a signiﬁcant transfusionrelated reaction. Treatment includes cessation of transfusion, administration of H1 and H2 blockers, steroids, and
acetaminophen. TRALI and TACO can be difﬁcult to distinguish without sophisticated testing. Diuretic administration can be considered. Most reactions occur within 4 h of
transfusion, but some can be delayed; observation should
be ongoing.
In addition to observing for any signs of transfusion
reaction, it is important to continually assess hemodynamic
status. It can be challenging to determine when to stop
volume resuscitation and proceed to observation and supportive care. SBP >100 mm Hg and heart rate <100
beats·min -1 can serve as useful information to guide this
decision. Generally, transfusion of any collected unit of
blood should be completed once started. Units should be
collected sequentially to avoid wasting blood that will not
be used. Advance planning for additional units needs to
account for the fact that collection of a single unit of
blood takes approximately 25 min. If there is no response
to transfusion of the initial 3 to 4 units, consideration should
be given to terminating resuscitative efforts. 7
All supplies used for collection and transfusion are
retained for retrospective testing. Careful documentation
of the transfusion process in the medical team leader’s log
is necessary, including background of events, participants
present, assessment of patient, rationale for decision to
transfuse, vital signs before and after collection for donors
and every 15 min for the recipient until arrival at deﬁnitive
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care, disposition of donor postcollection, recipient’s
response to transfusion, assessment for further transfusion,
contact with evacuation services, and plans for transport.
All records and supplies should be retained by the expedition medic until a complete debrief can occur with all concerned parties.
Conclusions
Lessons learned from recent military conﬂicts have brought
low titer O whole blood to the forefront of resuscitative
measures for acute hemorrhage. Prompt implementation
of whole blood transfusion for hemostatic resuscitation of
hemorrhagic shock may be lifesaving. In this review, we
present our recommendations for implementing this practice in the wilderness environment. Predeparture team education is important for safe transfusion practice. Team
members require blood typing, antibody titer, and transfusion-transmissible infection testing to determine donor eligibility. Point-of-care testing to reconﬁrm donor blood type
in the ﬁeld can provide an additional layer of safety. Additional concerns related to the wilderness environment
include prevention of arthropod-borne infections and maintenance of aseptic transfusion technique. Reduction in
_ 2 max after donation may affect the performance of the
VO
wilderness expedition participant, particularly at altitude.
The expedition medic documents and retains all transfusion-related supplies for retrospective testing. A team
debrief at the conclusion of the expedition can be a valuable
opportunity to address questions and concerns about the
transfusion process. Additional research is warranted to
reﬁne this practice for the austere medical environment.
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