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Now Serving a Trauma Victim Near You:
Whole Blood for Civilian Trauma Resuscitation

Based on clinical data from the military setting, a narrative review discusses the potential use of
whole blood resuscitation in civilian tfrauma.!
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Good for 21 days in CPD (35 days in CPDA-1)

Higher coagulation and platelet levels than the
equivalent amount of component therapy

Platelet function preserved for at least 21 days
Coagulation function good for at least 14 days

Contains ABO antibodies

May not be filtered for WBCs
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Packed red blood cells (pRBCs) last up to 42 days.
Fresh frozen plasma (FFP) lasts on average 26 days
and contains ABO antibodies. Platelets expire after
only 5 days.

1:1:1 combination therapy does NOT = whole blood

Component therapy may be useful to target specific
hematologic deficiencies.

e Rutential contraindications to whole blood =8>

>f, Known NON-O blood type

History of allo-antibodies
Age < 15 years or weight <40 kg
IXE Need for irradiated blood products

Further prospective comparisons are required o substantiate the specific advantages of whole
blood use during massive transfusion. Our current understanding is limited by largely retrospective
data. Furthermore, implementation of whole blood use requires a strong committment to
education of staff and a well-developed coordination plan with a local blood supplier.

A narrative review in this issue considers the use of whole blood resuscitation during massive hemor-
rhage in the civilian sector based on the interpretation of military data. Retrospective studies have il-
lustrated the benefits of whole blood, namely, the preservation of physiological proportions and viability
of platelet function and coagulation. Implementation of whole blood protocols at civilian trauma centers
requires an intense education campaign spanning personnel and staff from the emergency department
to the operating room and critical care unit. Additionally, it mandates a coordinated program of acquisi-

tion from the local blood supplier. Limitations of our ability to apply knowledge gained from the military

studies include retrospective designs, selection and survivor bias, and comparisons to historical controls.
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Whole Blood for Resuscitation in Adult Civilian Trauma
in 2017: A Narrative Review

Evan G. Pivalizza, MD,* Christopher T. Stephens, MD,* Srikanth Sridhar, MD,*
Sam D. Gumbert, MD,* Susan Rossmann, MD,T Marsha F. Bertholf, MD,T Yu Bai, MD,
and Bryan A. Cotton, MD§

After a hiatus of several decades, the concept of cold whole blood (WB) is being reintroduced into
acute clinical trauma care in the United States. Initial implementation experience and data grew
from military medical applications, followed by more recent development and data acquisition in
civilian institutions. Anesthesiologists, especially those who work in acute trauma facilities, are
likely to be presented with patients either receiving WB from the emergency department or may
have WB as a therapeutic option in massive transfusion situations. In this focused review, we
briefly discuss the historical concept of WB and describe the characteristics of WB, including stor-
age, blood group compatibility, and theoretical hemolytic risks. We summarize relevant recent retro-
spective military and preliminary civilian efficacy as well as safety data related to WB transfusion,
and describe our experience with the initial implementation of WB transfusion at our level 1 trauma
hospital. Suggestions and collective published experience from other centers as well as ours may
be useful to those investigating such a program. The role of WB as a significant therapeutic option

in civilian trauma awaits further prospective validation. (Anesth Analg 2018;127:157-62)

transfusion for hemorrhagic shock in Anesthesin &

Analgesia discussed primary applications at that time
that were in critically injured patients in the military arena
and the pediatric surgical population.! Spinella et al' recom-
mended future research on appropriate risk-benefit profiles
and suggested strategies to reduce theoretical risks. In the
interim period, despite limited attention in the anesthesiol-
ogy literature,>* there have been continued developments
in WB storage and processing at the blood collection agency
level. This has coincided with a steady increase in pub-
lished reports of the clinical application, potential benefit
or equivalency of WB used in combination with component
therapy in both civilian and military populations.>® Given
the significant military experience of fresh WB transfusion
in forward-deployed areas and initial supportive data in the
civilian trauma population in the United States, our insti-
tution has recently implemented a limited WB transfusion
protocol.

Herein, a multidisciplinary collection of anesthesiolo-
gists, a trauma surgeon, and pathologists with experience in
WB use review WB for emergency resuscitation in civilian
adult patients. This will be useful for acute care anesthesiol-
ogists who may not yet have experience with or availability
of WB at their institutions. We briefly explore the concept

In 2012, an expert review of fresh whole blood (WB)
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and historical perspective of WB, the WB product itself, and
potential risks and benefits; review the currently available
clinical data in military and civilian cohorts; and provide
advice on practical development and implementation of a
local or regional WB program.

CONCEPT AND HISTORICAL PERSPECTIVE

The use of WB began with the origin of blood banking dur-
ing World War I but not in earnest until World War IL.° WB
became the preferred product for the treatment of bleeding
patients, and remained the primary resuscitation fluid in
military settings through the start of the Vietnam War and
in the civilian arena.'® However, after dramatic advances
in blood component separation, blood centers were able
to supply hospitals with individual components, and WB
decreased as a readily available product. While some stud-
ies suggested noninferiority in elective surgical cases, no
studies of efficacy or hemostatic potential for patients in
hemorrhagic shock were performed before these changes.™
The response of the medical community was to imple-
ment resuscitation of bleeding patients with red blood cells
(RBCs) and crystalloids solutions,'? partly driven by a mis-
interpretation of landmark studies that noted that plasma
and platelets were unnecessary in bleeding trauma patients,
and that crystalloids were safe.'>'* Carrico et al'® noted that
the use of saline for hemorrhagic shock was safe “until WB
is available.”

During the past 20 years, limitations of this approach
were exposed, initially with laboratory and clinical mili-
tary data followed by civilian trauma findings docu-
menting the coagulopathy of trauma. The acute need for
balanced resuscitation with plasma, platelets, and cryo-
precipitate has been well summarized.’>!¢ Current prac-
tice within US level 1 trauma centers is to aim for a 1:1:1
plasma:platelets:RBC transfusion ratio to help ameliorate
this acute coagulopathy.'”

Use of fresh WB in military conflicts resurfaced at the turn
of this century in Iraq and Afghanistan, partly in response
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to logistic necessity, with prolonged transport for replace-
ment of products, platelet shortages, and the challenges in
maintaining refrigeration or freezing in austere environ-
ments.'® Initial retrospective analysis of prospectively col-
lected data from a large cohort of transfused patients at 6
forward surgical teams suggested that addition of type-spe-
cific, uncrossmatched fresh WB was independently associ-
ated with improved survival in a cohort in which platelets
were unavailable.”” With subsequent establishment of the
feasibility of WB to the Department of Defense transfusion
algorithm, a consensus statement from both civilian and
military experts in 2007 advocated for use of WB or com-
ponent therapy approaching (but not reaching WB) 1:1:1
ratios.?’ Growing retrospective evidence and expert opinion
supporting use of WB in the military arena is discussed later
in more detail, with acknowledgement of the limitations of
the available data.

While the concept of damage control resuscitation was
adopted in trauma care, the use of WB in the civilian set-
ting was initially felt to be impractical because of the need
for cold storage, unlike fresh WB in military scenarios.
Purported benefits of WB included avoiding increased costs
and labor associated with creation and administration of
component therapy. However, accumulating evidence and
experience from military medical applications that sug-
gested that type-specific WB is a safe and feasible alterna-
tive to 1:1:1 component therapy have prompted current
civilian initiatives. A recent prospective, randomized con-
trolled trial of modified WB + platelet transfusion appeared
to provide hemostatic resuscitation with less overall blood
component volumes in subanalysis.® This concept will also
be further explained later in this article.

BLOOD BANKING PERSPECTIVE: PRODUCT,
AVAILABILITY, AND RISKS

During the past 3 decades, the standard approach in civilian
trauma programs to use component blood therapy stems from
advantages of efficient storage and maximized therapeutic
effect to target specific deficiencies. As massive transfusion
(MT) protocols became accepted practice in trauma care, there
was concern that summation of coagulation factor and plate-
let function in reconstituted products was inferior to WB. This
was recently confirmed in a mathematical laboratory study,
with significant losses of coagulation factor (38%) and platelet
(56%) function in the combined 1:1:1 product ratio.*

Component Therapy

RBCs contain antigens that confer blood group identity (A,
B, AB, or O) with or without the D (Rhesus [Rh]) antigen,
and are stored at refrigerated temperatures (1°C-6°C) for
up to 42 days. Plasma is preserved frozen, either within
8 (fresh frozen plasma [FFP]) or 24 hours (PF24) and con-
tains antibodies to ABO antigens. Similarly, liquid (never-
frozen) plasma, stored up to 26 days at 1°C—6°C, has been
used in MT scenarios. Rh-negative individuals do not natu-
rally have anti-D antibody, but may make it on exposure
to D-positive cells via transfusion or exposure to cells from
a D-positive fetus. Red cells and plasma to be transfused
have traditionally been compatible with the recipient’s
ABO group and D type in the civilian setting. Platelets, sus-
pended in anticoagulated donor plasma when collected and
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processed, are stored at room temperature, and have a lim-
ited storage time of 5 days (occasionally 7) because of the
risk of bacterial contamination.

Whole Blood

Cold WB in the civilian arena is collected in an anticoag-
ulant solution and maintained in a refrigerated condition
(1°C-6°C) without agitation. The labeled expiration date
is 35 days if stored in citrate phosphate dextrose adenine-1
(CPDA-1) and up to 21 days if stored in citrate phosphate
dextrose (CPD). All currently recommended infectious dis-
ease testing is performed before distribution. This is in con-
trast with fresh WB in the military setting, which is usually
issued within hours of collection, is not refrigerated (stored
for <8 hours at 22°C) and not necessarily tested with stan-
dard infectious disease tests.

As anticipated, fresh WB retains platelet and coagulation
factor function.”? Despite historical concern of decreased
platelet and overall hemostatic function of cold WB com-
pared to traditional platelet storage at room temperature,
evidence suggests that hemostatic potential is preserved in
laboratory, functional, and applied clinical studies for up to
14-21 days.”® In an in vitro evaluation, platelet aggregome-
try to epinephrine and adenosine diphosphate was pre-
served until day 21 of storage, and thromboelastographic
variables did not appear to decrease until day 14.** In a
similar study, there were no effects of pathogen reduction
techniques on hemostatic potential up to 21 days of storage,
and refrigeration better preserved standard laboratory and
platelet function parameters.” Available data and potential
mechanisms have been well summarized recently by Bahr
et al* and Spinella et al, although both caution that suffi-
cient clinical data are not yet available to confirm safety and
outcome signals despite the preserved hemostatic function.

A single unit of WB (570 mL) has less total dilution from
anticoagulants and added preservative solutions than a
combination of 1:1:1 components (660 mL). There are thus
higher platelet counts (200 vs 88 x 10?/L) and coagulation
factor levels (290% vs 65%), leading to superior in vitro and
in vivo hemostatic potential in WB_than combined individ-
ual components.2?

Ideally, WB should match the recipient’s ABO group,
and D-negative individuals should receive Rh-negative WB.
However, in an emergency when the blood type is unknown,
group O red cells can be transfused to individuals of any
blood group because these cells do not have A or B antigens.
Rh-positive red cells can be transfused safely to the 85% of
the population that is Rh-positive and most males who are
Rh-negative. Women of childbearing age, a small proportion
of trauma victims, remain a concern for receipt of Rh-positive
WB. Group O WB will contain anti-A and anti-B in the plasma,
and the amount of plasma in a unit of WB is equivalent to
FFP and similar to an adult platelet dose. Because of the theo-
retical risk of hemolysis, several institutions test to ensure the
absence of strong anti-A or anti-B immunoglobulin M/immu-
noglobulin G antibodies before transfusion.® A titer that
might be considered safe has not been clinically established
because reported titers vary from 1:50 to 1:256, complicated
by variability between laboratories. In small studies to date,
reassuring hemolytic safety signals have been confirmed with
no clinically significant changes in laboratory markers.”
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Whole Blood in Civilian Trauma in 2017

Most component products in the United States are cur-
rently leukoreduced, with advantages of reduced febrile
transfusion reactions, transmission of cell-associated viruses
such as cytomegalovirus, and reduction of human leuko-
cyte antigen alloimmunization. Traditional white blood cell
filters will remove a substantial number of platelets and are
not recommended for filtration of WB. However, continued
developments in filtration systems have led to the introduc-
tion of appropriate platelet-sparing filtration, either at the
source of the donated unit (Imuflexs Whole Blood Filter
Saving Platelets; Terumo BCT, Inc, Lakewood, CO) or by the
addition of a filter at the time of WB administration.

MILITARY PERSPECTIVE: CURRENT USE
During the course of combat trauma care in recent Iraq and
Afghanistan campaigns, fresh WB has become a cornerstone
of resuscitation. Often borne of necessity because of logisti-
cal challenges in isolated environments,* evaluation of WB
use has rapidly increased.® Similar to the experience and
description of ratio-based blood component resuscitation in
the military arena, initial reports with WB, although com-
pelling, are frequently limited by their retrospective nature,
potential selection bias, possible survivor bias, comparison
to historical controls, and use of both WB and combination
therapy in resuscitation, without discrete separation of a
WB effect (Table).

Spinella retrospectively compared 2 groups who received
>1 U of RBCs from 2004 to 2007, effectively comparing fresh
warm WB with apheresis platelets as both groups received

RBCs and FFP, at multiple locations in the military theater.>?
Groups were unequal in size (110 fresh WB, 254 component)
with similar injury severity. Both 24-hour and 30-day mor-
tality were improved in the WB group, and both use of and
amount of WB were confirmed as independent associations
with multivariable analysis, acknowledging the limitations
alluded to.*

Retrospective analysis of single military center data by
many of the same experts (2004—2006) in subjects undergo-
ing MT identified groups who received either fresh WB (85)
or platelets (284) during resuscitation.?! Because there was
no difference in outcome or survival in patients receiving
an MT, the authors suggested feasibility of fresh WB and
impetus for further study, with many of the aforementioned
limitations in study design.

Further evaluation confirmed the improved survival sig-
nal when fresh WB was added to RBC and FFP resuscita-
tion, despite the WB group having a higher injury severity
score.” In this study, an additional limitation was the logis-
tic unavailability of platelets for transfusion, which differs
from current civilian practice.

Even when not conferring survival benefit in a smaller
sample, use of fresh WB reduced traumatic coagulopathy in
a group with greater injury severity score and physiologi-
cal compromise.* Limitations in this retrospective study
were the small sample size and frequent unavailability of
platelets. Increasing application has been reported in aus-
tere combat environments internationally.®>* Swedish
authors reviewed risks of hemolysis due to transfusion of

Table. Summary of Relevant Military WB Studies

Author
Spinella et al®?

Products Studied

FWB + components versus Y
components alone

Retrospective

Perkins et al®®  FWB versus apheresis Y
platelets during

component resuscitation

Nessen et al'®  FWB + components versus Y
components alone
Neither received platelets

due to unavailability

Keneally et al®  FWB + components versus Y

components alone

Auten et al®* FWB + components versus Y

components alone

Better 24-h and 30-d survival in
FWB group

No survival difference between
FWB and platelets, suggesting
equivalent effect.

Addition of WB improved survival but
not discrete separation of effect.

FWB group >physiological trespass,
>total transfusion, no mortality
effect

FWB group >injury severity,
<coagulopathy, seems to

Outcome Limitations

Risk of selection and survivor bias

Unequal group size (354 of 968 database,
204 component versus 100 FWB)

No discrete separation of FWB

Risk of selection and survivor bias

Unequal groups (85 FWB versus 284
platelets)

No discrete separation of FWB

Risk of selection and survivor bias

Unequal groups (394 without, 94 with FWB)

Platelet unavailability would be unusual in
civilian population.
Risk of selection and survivor bias

Unequal groups (9281 FWB versus 3656
component)

No discrete FWB group

Significant cohort with incomplete data

Small (61)

provide benefit

Frequently without
availability of platelets

Risk selection and survivor bias

Platelet unavailability would be unusual in
civilian population.

Abbreviations: FWB, fresh whole blood; WB, whole blood; Y, yes.

July 2018 e Volume 127 e Number 1

www.anesthesia-analgesia.org 159

Copyright © 2018 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.


iAnnotate User
Highlight


iAnnotate User
Underline


iAnnotate User
Highlight



== NARRATIVE REVIEW ARTICLE

potentially ABO-incompatible plasma, confirming mini-
mized risks with low titers and affirming the maintained
benefit.%”

Although current military data suggest a benefit using
WB as an adjunct to resuscitation along with traditional
component therapy, the aforementioned limitations must
be considered until more robust data are available. Despite
these considerations, the Tactical Combat Casualty Care
committee, under the auspices of the National Association
of Emergency Medical Technicians, issues evidence-based
guidelines and recommendations for trauma care on the
battlefield, and currently lists WB as the priority fluid of
first choice in a casualty with hemorrhagic shock.®

CIVILIAN PERSPECTIVE: CURRENT USE

Lifesaving reports of WB use in the military arena inevitably
led to investigations, usually cold WB, in the civilian popu-
lation. In a prospective, single-center, randomized trial of
trauma patients predicted to require an MT, patients were
randomized to either a unit of WB or component therapy (1 U
of RBC + 1 U of plasma) immediately on arrival. Each group
also received 1 dose of platelets (apheresis or random donor)
for every 6 U of either WB or RBC + plasma.® Although there
were no transfusion differences in the 107 subjects in the
intent-to-treat analysis, when patients with severe traumatic
brain injury were excluded, the WB group received signifi-
cantly fewer individual and total products during 24 hours
(the primary outcome of the study). Similar to other prospec-
tive trauma studies, logistics of such studies are challenging,
with exception from informed consent (US Food and Drug
Administration 21 code of federal regulations 50.24).

In a smaller study of 47 male trauma patients, up to 2 U
of uncrossmatched group O-positive cold WB was compared
to a historical control group treated with component therapy
to assess feasibility. There were no adverse safety signals
detected.® With these initial positive findings, cold WB is cur-
rently being used in several large level 1 trauma facilities across
the nation,® often introduced in smaller volumes (2—4 U).

Earlier experience from Australia reported a linked cohort
study of patients receiving an MT (353), of whom 77 received
fresh, unrefrigerated WB (mean 4 U) as part of their resusci-
tation. Although there were small improvements in coagula-
tion and fibrinogen profiles, overall transfusion and survival
were equivalent.*! As with military data, it is difficult to iso-
late a signal from a small WB volume in an MT algorithm.

DEVELOPMENT AND IMPLEMENTATION OF WB AT
THE INSTITUTIONAL LEVEL

Given the supportive evidence of clinical utility, potential
benefit, and safety, our institution sought implementation
of cold WB at our busy level 1 trauma center. For those con-
templating similar proposals, several strategies are neces-
sary for success.

Regulatory

Substantial preparation for WB transfusion is critical,
given regulatory oversight by both the US Food and Drug
Administration and the American Association of Blood
Banks (AABB). Planning was initiated via the committee on
patient blood management of the institutions, the chief med-
ical officer, and interested parties, with approval granted by

160 www.anesthesia-analgesia.org

all. AABB approval for “variance use” was obtained for an
initial use of 4 U group O WB.#* The variance is in response
to AABB recommendation for ABO group-specific transfu-
sion. Revisions to this AABB standard have been made, and
use of low-titer group O WB will be permitted in the 31st
edition, effective April 1, 2018. A thorough recent review of
the development and implementation process at a civilian
level 1 trauma center summarizes the process.

Blood Supplier

Without coordinated cooperation of the local blood supplier
for the institution, a WB initiative cannot succeed. Our sup-
plier, Gulf Coast Regional Blood Center (GCRBC), which
has worked closely with the institution on numerous WB
and component-based protocols, committed to provide
group O WB from male-only donors with a 21-day expi-
ration, no leukoreduction and anti-A and B titers <1:200.
Lower titers are not feasible given the local donor pool (S.
Rossmann, Gulf Coast Regional Blood Center, personal
communication, 2017). Unused blood will not be accepted
back by the supplier, necessitating close stewardship of a
precious resource by the local pathology and blood bank
departments. Daily inventory is 20 U, with a routine supple-
ment of 2 U/d. Initial implementation with exclusive use
of O Rhesus-negative WB required reducing production of
an equivalent number of O Rh-negative RBCs. Thus, as in
military and early civilian experience, O Rhesus-positive
WB should be the product of choice for males.

The success of WB implementation at our institution
is based on a longitudinal, productive relationship with
GCRBC, which has been solidified with continuous commu-
nication, blood donation collection drives at the institution,
physician involvement on the board of trustees of GCRBC,
and educational interactions for postgraduate trainees at the
local blood collection facility led by GCRBC medical staff.

Education

Concerted multidisciplinary education was conducted
within the surgical, emergency medicine, anesthesiology,
and pathology departments, along with nursing, emergency
medical technician, medical technologist, and administra-
tive colleagues in locations where WB was to be used. Initial
supplies are 4 U in the emergency department (ED) and 2 U
on the Life Flight helicopters. WB will have a distinctive tag
to differentiate from an RBC bag (Figure). Contraindications
to use have been publicized, although many of these may
be unknown or undetermined in an emergency encounter:

e Known non-O blood groups;

e History of clinically significant alloantibodies;

e Age <15 years and body weight <40 kg in the emer-
gency department (if there is only WB available in
the helicopter, <20 mL/kg can be given to patients
<12 years of age); and

e Candidates for irradiated blood products (eg, lym-
phoma, leukemia, and bone marrow transplant).

Safety
After any WB transfusion, a hemolysis panel including
haptoglobin, lactate dehydrogenase, and bilirubin is drawn

ANESTHESIA & ANALGESIA
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Whole Blood in Civilian Trauma in 2017

Figure. Local WB unit identifying tag. LDH indicates lactate dehydro-
genase; MTR massive transfusion protocol; WB, whole blood.

at 0, 24, and 48 hours after transfusion to prospectively eval-
uate for any potential hemolytic effect.

Early Process Improvement
After implementation of the WB program, there were
instances of WB wastage, likely due to the shorter 21-day
shelf life and unfamiliarity with availability. Posttransfusion
hemolysis laboratory studies were occasionally overlooked.
Additional education was conducted to capture all staff
given the frequent shift changes in the ED. WB was moved
to the top of the ED refrigerator, an electronic WB order set
was instituted to ensure uniform capture of laboratory val-
ues, and each WB transfusion was reviewed by blood bank
staff within 24 hours. At 3-month follow-up of 53 cases,
wastage was 0 in the second and third months, with only
1 incomplete posttransfusion hemolysis marker in 40 cases.
The majority of cases had a single WB unit transfused before
switching to type-specific components, and the maximum
used in a case was 3, within the initially proposed algorithm.
With the potential impact on Rh-negative WB units,
Rh-positive WB is now being used preferentially except for
females <50 years of age.

CONCLUSIONS

Initial enthusiasm and increasing retrospective data from
the military medical community for use of WB in combi-
nation with component therapy resuscitation have led to
similar efforts in civilian trauma patients. Implementation
of WB transfusion strategies has begun in several level 1
trauma institutions in the United States, as suggested by
experts in the field.* Anesthesiologists should be aware
of the scientific rationale, details, and potential risks of
WB and suggested avenues for local policy development.
Further prospective data are necessary to examine discrete
comparisons of WB without simultaneous use of compo-
nents, verification of appropriate safety, and hemolysis and
determination of cost-benefit analyses. We eagerly antici-
pate vigorous investigation of WB in the acutely injured
civilian patient given the initial potential in retrospective
military studies and small civilian reports. With increasing
utilization and evidence, national regulatory support for
such endeavors is anticipated. §&

DISCLOSURES

Name: Evan G. Pivalizza, MD.

Contribution: This author helped conceive, develop, and cowrite
the manuscript.

July 2018 e Volume 127 e Number 1

Copyright © 2018 International Anesthesia Research Society.

Name: Christopher T. Stephens, MD.

Contribution: This author helped cowrite and review the manuscript.
Name: Srikanth Sridhar, MD.

Contribution: This author helped cowrite and review the manuscript.
Name: Sam D. Gumbert, MD.

Contribution: This author helped cowrite and review the manuscript.
Name: Susan Rossmann, MD.

Contribution: This author helped cowrite and review the manuscript.
Name: Marsha F. Bertholf, MD.

Contribution: This author helped cowrite and review the manuscript.
Name: Yu Bai, MD.

Contribution: This author helped cowrite and review the manuscript.
Name: Bryan A. Cotton, MD.

Contribution: This author helped cowrite and review the manuscript.
This manuscript was handled by: Richard P. Dutton, MD.

REFERENCES

1. Spinella PC, Reddy HL, Jaffe JS, Cap AP, Goodrich RP. Fresh
whole blood use for hemorrhagic shock: preserving benefit
while avoiding complications. Anesth Analg. 2012;115:751-758.

2. Weiskopf RB. Reconstructing deconstructed blood for trauma.
Anesthesiology. 2012;116:518-521.

3. Miller RD. Fresh whole blood and the Vietnam military conflict
(letter to the editor). Anesth Analg. 2013;116:1392-1393.

4. Pitkin AD. Rice MJ. Whole blood: more than the sum of the
parts (letter to the editor). Anesthesiology. 2012;117:915-916.

5. Thottathil P, Sesok-Pizzini D, Taylor JA, Fiadjoe JE, Vincent A,
Stricker PA. Whole blood in pediatric craniofacial reconstruc-
tion surgery. | Craniofac Surg. 2017,28:1175-1178.

6. Cotton BA, Podbielski J, Camp E, et al; Early Whole Blood
Investigators. A randomized controlled pilot trial of modified
whole blood versus component therapy in severely injured
patients requiring large volume transfusions. Ann Surg.
2013;258:527-532.

7. Rahbar E, Cardenas JC, Matijevic N, et al; Early Whole Blood
Investigators. Trauma, time, and transfusions: a longitudinal
analysis of coagulation markers in severely injured trauma
patients receiving modified whole blood or component blood
products. Shock. 2015;44:417-425.

8. Keneally R], Parsons AM, Willett PB. Warm fresh whole blood
and thoracic traumain Iraq and Afghanistan. | Emerg Trauma
Shock. 2015;8:21-25.

9. Cannon WB. Nature and treatment of wound shock and allied
conditions. JAMA. 1918;70:607-621.

10. Diamond LK. History of blood banking in the United States.
JAMA. 1965;193:40-44.

11. Cotton BA, Reddy N, Hatch QM, et al. Damage control resus-
citation is associated with a reduction in resuscitation volumes
and improvement in survival in 390 damage control laparot-
omy patients. Ann Surg. 2011;254:598-605.

12. Shoemaker WC, Appel P, Bland R. Use of physiologic monitor-
ing to predict outcome and to assist in clinical decisions in criti-
cally ill postoperative patients. Am | Surg. 1983;146:43-50.

13. Carrico CJ, Canizaro PC, Shires GT. Fluid resuscitation follow-
ing injury: rationale for the use of balanced salt solutions. Crit
Care Med. 1976;4:46-54.

14. Counts RB, Haisch C, Simon TL, Maxwell NG, Heimbach
DM, Carrico CJ. Hemostasis in massively transfused trauma
patients. Ann Surg. 1979;190:91-99.

15. Stephens CT, Gumbert S, Holcomb ]B. Trauma-associated
bleeding: management of massive transfusion. Curr Opin
Anaesthesiol. 2016;29:250-255.

16. Murphy CH, Hess JR. Massive transfusion: red blood cell to
plasma and platelet unit ratios for resuscitation of massive
hemorrhage. Curr Opin Hematol. 2015;22:533-539.

17. Cantle PM, Cotton BA. Balanced resuscitation in trauma man-
agement. Surg Clin North Am. 2017;97:999-1014.

18. Repine TB, Perkins JG, Kauvar DS, Blackborne L. The use
of fresh whole blood in massive transfusion. | Trauma.
2006;60:559-569.

19. Nessen SC, Eastridge BJ, Cronk D, et al. Fresh whole blood use
by forward surgical teams in Afghanistan is associated with
improved survival compared to component therapy without
platelets. Transfusion. 2013;53:5107-S113.

www.anesthesia-analgesia.org 161

Unauthorized reproduction of this article is prohibited.


iAnnotate User
Highlight



20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

162
Copyright © 2018 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

NARRATIVE REVIEW ARTICLE

Holcomb JB, Jenkins D, Rhee P, et al. Damage control resuscita-
tion: directly addressing the early coagulopathy of trauma. |
Trauma. 2007;62:307-310.

Mays JA, Hess JR. Modelling the effects of blood compo-
nent storage lesions on the quality of haemostatic resus-
citation in massive transfusion for trauma. Blood Transfus.
2017;15:153-157.

Hughes JD, Macdonald VW, Hess JR. Warm storage of whole
blood for 72 hours. Transfusion. 2007;47:2050-2056.

Strandenes G, Austlid I, Apelseth TO, et al. Coagulation func-
tion of stored whole blood is preserved for 14 days in austere
conditions: a ROTEM feasibility study during a Norwegian
antipiracy mission and comparison to equal ratio reconstituted
blood. | Trauma Acute Care Surg. 2015;78:531-S38.

Jobes D, Wolfe Y, O’'Neill D, et al. Toward a definition of “fresh”
whole blood: an in vitro characterization of coagulation prop-
erties in refrigerated whole blood for transfusion. Transfusion.
2011;51:43-51.

Pidcoke HE, McFaul SJ, Ramasubramanian AK, et al. Primary
hemostatic capacity of whole blood: a comprehensive analy-
sis of pathogen reduction and refrigeration effects over time.
Transfusion. 2013;53:5137-5149.

Bahr MP, Yazer MH, Triulzi DJ, Collins RA. Whole blood for the
acutely haemorrhaging civilian trauma patient: a novel idea or
rediscovery? Transfus Med. 2016,26:406—414.

Spinella PC, Pidcoke HF, Strandenes G, et al. Whole blood
for hemostatic resuscitation of major bleeding. Transfusion.
2016;56(suppl 2):5190-5202.

Yazer MH, Seheult ], Kleinman S, Sloan SR, Spinella PC. Who's
afraid of incompatible plasma? A balanced approach to the safe
transfusion of blood products containing ABO-incompatible
plasma. Transfusion. 2018;58:532-538.

Seheult JN, Triulzi DJ, Alarcon LH, Sperry JL, Murdock A, Yazer
MH. Measurement of haemolysis markers following transfu-
sion of uncrossmatched, low-titre, group O+ whole blood in
civilian trauma patients: initial experience at a level 1 trauma
centre. Transfus Med. 2017,27:30-35.

Kauvar DS, Holcomb JB, Norris GC, Hess JR. Fresh whole
blood transfusion: a controversial military practice. | Trauma.
2006;61:181-184.

Chandler MH, Roberts M, Sawyer M, Myers G. The US mili-
tary experience with fresh whole blood during the conflicts
in Iraq and Afghanistan. Semin Cardiothorac Vasc Anesth.
2012;16:153-159.

www.anesthesia-analgesia.org

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Holcomb
JB. Warm fresh whole blood is independently associated with
improved survival for patients with combat-related traumatic
injuries. | Trauma. 2009;66:569-S76.

Perkins JG, Cap AP, Spinella PC, et al; 31st Combat Support
Hospital Research Group. Comparison of platelet transfu-
sion as fresh whole blood versus apheresis platelets for mas-
sively transfused combat trauma patients (CME). Transfusion.
2011;51:242-252.

Auten JD, Lunceford NL, Horton JL, et al. The safety of early
fresh, whole blood transfusion among severely battle injured at
US Marine Corps forward surgical care facilities in Afghanistan.
J Trauma Acute Care Surg. 2015;79:790-796.

Daniel Y, Sailliol A, Pouget T, Peyrefitte S, Ausset S, Martinaud
C. Whole blood transfusion closest to the point-of-injury dur-
ing French remote military operations. | Trauma Acute Care
Surg. 2017;82:1138-1146.

Beckett A, Callum J, da Luz LT, et al. Fresh whole blood trans-
fusion capability for special operations forces. Can | Surg.
2015;58:5153-5156.

Berseus O, Boman K, Nessen SC, Westerberg LA. Risks of
hemolysis due to anti-A and anti-B caused by transfusion of
blood or blood components containing ABO-incompatible
plasma. Transfusion. 2013;53:5114-5123.

TCCC Guidelines for Medical Personnel. Available at: https://
www.naemt.org/docs/default-source /education-documents /
tcce/tecc-updates_092017 / tccc-mp-curriculum-1708 /00-tccc-
mp-guidelines/tccc-guidelines-for-medical-personnel-170131.
pdf?sfvrsn=2. Accessed December 10, 2017.

Yazer MH, Jackson B, Sperry JL, Alarcon L, Triulzi DJ, Murdock
AD. Initial safety and feasibility of cold-stored uncrossmatched
whole blood transfusion in civilian trauma patients. | Trauma
Acute Care Surg. 2016;81:21-26.

Stubbs JR, Zielinski MD, Jenkins D. The state of the science
of whole blood: lessons learned at Mayo Clinic. Transfusion.
2016;56(suppl 2):5173-5181.

Ho KM, Leonard AD. Lack of effect of unrefrigerated
young whole blood transfusion on patient outcomes
after massive transfusion in a civilian setting. Transfusion.
2011;51:1669-1675.

Standards for Blood Banks and Transfusion Services. 30th ed.
Bethesda, MD: AABB; 2015.

Cap AP, Pidcoke HE, DePasquale M, et al. Blood far forward:
time to get moving! | Trauma Acute Care Surg. 2015;78:52-56.

ANESTHESIA & ANALGESIA


https://www.naemt.org/docs/default-source/education-documents/tccc/tccc-updates_092017/tccc-mp-curriculum-1708/00-tccc-mp-guidelines/tccc-guidelines-for-medical-personnel-170131.pdf?sfvrsn=2
https://www.naemt.org/docs/default-source/education-documents/tccc/tccc-updates_092017/tccc-mp-curriculum-1708/00-tccc-mp-guidelines/tccc-guidelines-for-medical-personnel-170131.pdf?sfvrsn=2
https://www.naemt.org/docs/default-source/education-documents/tccc/tccc-updates_092017/tccc-mp-curriculum-1708/00-tccc-mp-guidelines/tccc-guidelines-for-medical-personnel-170131.pdf?sfvrsn=2
https://www.naemt.org/docs/default-source/education-documents/tccc/tccc-updates_092017/tccc-mp-curriculum-1708/00-tccc-mp-guidelines/tccc-guidelines-for-medical-personnel-170131.pdf?sfvrsn=2
https://www.naemt.org/docs/default-source/education-documents/tccc/tccc-updates_092017/tccc-mp-curriculum-1708/00-tccc-mp-guidelines/tccc-guidelines-for-medical-personnel-170131.pdf?sfvrsn=2

