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Preface

In the expiring seconds of an adrenaline-charged competition, the “last shot” is
entrusted to the individual with unwavering poise, unperturbed by the gravity of the
situation. The correct decision needs to be made when the count on the shot clock is
unfavorable. In a similar manner, trauma surgeons are men and women with the
same strength of character committed to taking and making the last shot even when
competing against death. In the case of the trauma surgeon, the consequence of not
being focused in the moment can have dire consequences if stuck entertaining vacil-
lating thoughts as the team lead. Quick and resolute decision-making wins the game.

The unfortunate advent of war over many centuries has produced innumerable
injury patterns requiring swift surgical decision-making for bleeding cessation.
War-time surgeons over the last century and into the modern era, under compulsion,
have improved trauma care by critically evaluating dilemmas and forcing refine-
ments. Innovations in vascular injury management, patient transport, advancements
in antibiotics and field resuscitations, all mastered by intrepid surgeons, have con-
siderably impacted how trauma care is delivered today. Civilian clinical decision-
making has also been considerably advanced by the conundrum of complex injury
patterns experienced by trauma surgeons. In both military and civilian sectors, the
trauma surgeon stands often as the last line of defense between severe disability and
dying. The decision-making needs to be continuously challenged as new injury pat-
terns emerge relegating some older trauma dictums to a secondary role. Perhaps
some things handled with a scalpel by the more “seasoned” surgeon are now better
managed by the interventional radiologist! Conversely, the pendulum swing may
also revert to being more adept at an open repair when austere locations and hemo-
dynamics (or a lack thereof) do not allow for the calling in of a crew to open the
hybrid suite! The pendulum will not rest. What is required of trauma surgeons is to
always consider new ideas, unprejudiced by past successes or failures, accepting
that there just might still be a better way when being entrusted with taking the last
shot. Trauma surgery is mostly muscle memory and preparation. When precious
minutes remain, many things must be considered, but a definitive decision must be
made when competing against death.

The decision-making required to win at saving lives is the impetus for surveying
authors from around the globe to write this book. Each author was given a specific
clinical scenario to discuss, highlighting available data while offering their own
expertise toward answering difficult branch points in the evaluation and
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resuscitation of the injured patient, whether by operative intervention or with the
utilization of trauma adjuncts. We hope that this text will serve as an informative
guide aligning evidence-based medicine with the need for flexibility and improvisa-
tion when treating the injured patient. Prevailing practices by prominent programs,
iconic individuals, and a lack of uniformity in patient presentations with underpow-
ered studies alongside a myriad of other factors make analyses difficult. When the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
was created in the year 2000, the intent was to formulate to what extent one could
be confident about the quality and strength of recommendations. We assembled
experts on each topic in this book to think hard about discrepancies and asked for
them to assign a GRADE to each chapter based upon literature review. In addition,
each chapter concludes with “A personal view of the data” allowing the authors’
personal opinion of the data and the application of the data. The inclusion of this
short description makes absolute sense because the unscripted nature of trauma
often requires deviation from dogma.

All practice locations are not level I academic trauma centers replete with resi-
dents, surgical subspecialists, interventional radiologists, and rapidly replenishing
blood banks. Globally more lives are saved with far less away from academic cen-
ters. This book was created specifically as a resource for community surgeons that
have a stake in saving lives and decreasing the sequelae of injury with far less than
many of the institutions represented in this text. Despite the authors’ affiliations
with exceptional academic centers and many years of personal experience, they
were requested to present their evaluations of the literature based upon the GRADE
criteria as detailed below:

High There is a lot of confidence that the true effect lies close to that of the estimated
effect.

Moderate | There is moderate confidence in the estimated effect: The true effect is likely to be
close to the estimated effect, but there is a possibility that it is substantially
different.

Low There is limited effect in the estimated effect: The true effect might be substantially
different from the estimated effect.

Very low | There is very little confidence in the estimated effect: The true effect is likely to be
substantially different from the estimated effect.

Each chapter was superbly written by the contributing authors and offers practi-
cal guidance in addressing difficult decisions in trauma surgery.

Chicago, IL, USA Kenneth Wilson
Chicago, IL, USA Selwyn O. Rogers
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Difficult Decisions in Trauma: Is ABC
the Right Mantra?

John M. Ruggero and Matthew J. Martin

Introduction

Current practice in most modern civilian trauma centers follows the Advanced
Trauma Life Support (ATLS) prioritized approach to evaluation and intervention
focusing on Airway (A) Breathing (B) and Circulation (C) (“the ABCs”) in the ini-
tial assessment of trauma patients. This has been the mainstay of traumatic resusci-
tation since ATLS’s inception and widespread acceptance throughout the medical
community. The evidence supporting the pathway and ordering of priorities in the
ABC approach is based on expert consensus with little literature to support its clini-
cal application [1]. In approaching this question, it is critically important to under-
stand the principles and rationale behind the “ABC” mantra, the existing
epidemiologic and outcome data that supports or refutes this approach, and the
likely impact of any program to alter this ingrained sequence in the initial trauma
evaluation and resuscitation process.

The rationale and purpose for the ATLS primary survey is to rapidly identify any
immediately life-threatening pathology or injuries, to prioritize these from most
important to least important, to begin interventions to address the identified problem,

J. M. Ruggero
Cook County Trauma & Burn Unit, John H. Stroger Hospital of Cook County,
Chicago, IL, USA

Uniformed Services University of the Health Sciences, Bethesda, MD, USA
e-mail: John.m.ruggero2.mil @mail.mil

M. J. Martin (<)
Uniformed Services University of the Health Sciences, Bethesda, MD, USA

Scripps Mercy Hospital, San Diego, CA, USA

University of Washington School of Medicine, Seattle, WA, USA
e-mail: martin.matthew @scrippshealth.org

© Springer Nature Switzerland AG 2022 3
K. Wilson, S. O. Rogers (eds.), Difficult Decisions in Trauma Surgery, Difficult

Decisions in Surgery: An Evidence-Based Approach,
https://doi.org/10.1007/978-3-030-81667-4_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81667-4_1&domain=pdf
https://doi.org/10.1007/978-3-030-81667-4_1#DOI
mailto:John.m.ruggero2.mil@mail.mil
mailto:martin.matthew@scrippshealth.org

4 J. M. Ruggero and M. J. Martin

and to essentially ignore all other non-emergent injuries or problems until later in the
evaluation. Although it seemingly makes sense that without a patent airway a patient
will rapidly progress to cardiorespiratory arrest, there is little available data that air-
way should be prioritized in sequence over circulatory and hemorrhage concerns.
From an epidemiologic standpoint the incidence of complete airway loss after trauma
is relatively low, particularly among survivors to EMS arrival and/or hospital arrival.
In comparison, circulation and bleeding issues are much more prevalent and likely
causes of early mortality or morbidity, and thus from a simple likelihood standpoint
should arguably be prioritized over airway.

If strictly adhering to the dogma of “A” interventions first, especially in a hemo-
dynamically unstable trauma patient, there is a potential to perpetuate or worsen the
physiologic derangements that frequently occur with intubation, specifically rapid
sequence intubation (RSI). The vasodilatory effects caused by RSI in addition to the
effects of positive pressure ventilation may further compromise a hypovolemic/
bleeding patient by putting them at risk for more significant hypotension and
decreased cardiac output leading to an overall decrease in perfusion [2-6]. For
patients in class 3—4 hemorrhagic shock who are awake and have a patent airway,
administration of agents that usually include some combination of paralytic and
sedative/analgesia often produce a precipitous drop in perfusing pressure, loss of
muscle tone, and blunting of the normal catecholamine response. The end result of
this is frequently severe instability or rapid progression to cardiac arrest and the
need for cardiopulmonary resuscitation while attempting to “catch up” on the
resuscitation.

Based on the experiences during military conflicts of the last two decades we
have seen the benefits of an aggressive focus on prioritization of “C” interventions
focused on hemorrhage control over the usual “A” interventions. This includes pre-
hospital placement of tourniquets, hemostatic dressings, and the use of blood prod-
ucts for resuscitation of hypotensive severely injured trauma patients. These novel
techniques have been adopted by many civilian trauma centers and applied to their
population [7]. This benefit has been adapted by the military’s Tactical Combat
Casualty Care (TCCC) course, which uses the approach of controlling life-
threatening hemorrhage first prior to airway interventions. This changes the ABC
mnemonic of ATLS to either CCAB (Catastrophic hemorrhage; Circulation;
Airway; Breathing) or MARCH (Massive hemorrhage; Airway; Respiration;
Circulation; Head/Hypothermia). This doctrine is widely accepted as best practice
in the realm of military medicine and has yielded numerous improvements in battle-
field medicine [8—10]. This approach has also gained significant acceptance among
the civilian trauma community in both the pre-hospital and in-hospital phases of
care. Numerous efforts aimed at early hemorrhage control and hemostatic resuscita-
tion have been adopted, such as the American College of Surgeons “Stop the Bleed”
course, the increased utilization of pre-hospital blood products, and the currently
increasing adoption of whole blood for initial trauma resuscitation at many centers.
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Simultaneously, there have been no corresponding initiatives with a focus on
increasing the utilization of early airway interventions, and in fact many trauma
systems have attempted to decrease or even eliminate the use of pre-hospital intuba-
tion in select trauma populations.

In addition to the above-mentioned military and civilian trauma community’s
focus on circulation first there also has been a significant shift in the medical litera-
ture in regard to cardiopulmonary resuscitation of medical patients. Focus has been
shifted from acquiring an airway or delivering “rescue breaths” first to prioritizing
circulation by initiating continuous chest compressions without pauses for airway
interventions. These approaches are now widely taught in the Basic Life Support
(BLS) and Advanced Cardiac Life Support (ACLS) courses and highlight how the
most high-yield interventions to improve outcomes should focus on restoring ade-
quate circulation and central perfusion rather than waste critical minutes on less
effective airway interventions or assessments. This has led to overall better out-
comes in this population in a number of large analyses and from a variety of causes
of cardiopulmonary arrest [11-14].

Obviously, changing the practice and utilization of a uniform and very well-
entrenched algorithm such as the “ABCs” approach to severely injured trauma
patients is a major challenge. It is currently being adopted in multiple centers across
the globe; however, the long-term clinical advantages should be based on sound
scientific evidence instead of expert consensus. In this chapter we discuss the litera-
ture on the paradigm shift of adopting an approach based on hemorrhage control
first prior to airway interventions.

Search Strategy

Our search strategy was to use PUBMED using the keywords airway, circulation,
intubation, hemorrhage control, hypotension, pre-hospital, and ATLS. We focused
on the two primary PICO questions as shown in Table 1.1. We included and reviewed
manuscripts from 1990 to 2020.

Table 1.1 PICO questions for the issue of airway first versus circulation first approach

P (patients) I (intervention) C (comparator) O (outcomes)
Trauma patients in extremis/ | Addressing Addressing airway | Mortality
hypotensive (in hospital) circulation first CAB | first ABC Hypotension
Transfusion
requirements
Trauma patients in extremis/ | Addressing Addressing airway | Mortality
hypotensive (pre-hospital) circulation first CAB | first ABC Hypotension
Transfusion
requirements
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Results
Military Experience

As previously mentioned, the military has systematically adopted a practice of
assessing for and controlling life-threatening hemorrhage first prior to addressing
airway issues. This change in practice was due to the prominence of hemorrhage as
a cause of death in that specific patient population. Hemorrhage is the leading cause
of potentially preventable death on the battlefield, with the torso identified as the
primary focus [15-18]. A study by Kelly et al. examined the cause of deaths from
Operation Iraqi Freedom and Operation Enduring Freedom from 2003-2004 and
compared them to those of 2006. The main cause of death in potentially survivable
patients was hemorrhage that contributed to 85% of the deaths [17]. Holcomb et al.
reported similar significance of hemorrhage as a cause of death (82%) in the analy-
sis of deaths in Special Operations forces over a similar time period [15]. Both of
these studies also demonstrated that the majority of deaths (and opportunities for
improvement) occurred in the pre-hospital environment. Subsequently, Martin et al.
analyzed a series including only in-hospital deaths at a combat support hospital and
found the prominence of hemorrhage related deaths to be 32%, which was second
only to severe head injury at 45% [19]. In all of these studies, airway issues were not
reported as a significant cause of death and particularly among preventable or poten-
tially preventable deaths. The data is clear that in severely injured military trauma
patients the key maneuver in preventing preventable mortality is to address hemor-
rhage control and circulation first, and that training/equipment programs should
focus on this area versus airway interventions. This has led to multiple institutions
adopting new protocols such as addressing circulation prior to airway and the con-
cept of taking a patient directly to the operating room and bypassing the trauma bay.
Each of these concepts will be discussed further in the next sections.

Circulation First

The adoption of “C” interventions prior to “A” interventions has already been
cemented into the civilian non-trauma medical community and BLS/ACLS courses.
Recent publications in the medical literature support the shift in focus of protocols
moving from acquiring an airway first, to prioritizing perfusion by initiating chest
compressions expeditiously especially in patients with a primary cardiac event. This
has resulted in better outcomes in the reported medical literature [11-14]. Although
there are large bodies of literature in the trauma setting regarding airway manage-
ment with early intubation (“A”) and hemorrhage control/resuscitation (“C”), there
are very few studies that have compared and contrasted these two directly or evalu-
ated differences related to their priority and sequencing by the trauma team.

One recent American Association for the Surgery of Trauma (AAST) multicenter
trial conducted by Ferrada et al. did directly investigate this critical question [20].
The authors conducted a retrospective analysis of all patients that presented to
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trauma centers with presumptive hypovolemic shock and undergoing intubation in
the trauma bay. There were 440 patients included from 12 level 1 trauma centers.
245 (55.7%) received intravenous blood product resuscitation first, and 195 (44.3%)
were intubated before any resuscitation was started. Analysis showed no statistical
difference in overall mortality or other outcome measures between the two groups
[20]. This study actually highlights the fact that despite the perpetuated sequence of
ABC in most trauma management algorithms there are a significant proportions of
trauma centers already performing “C” interventions first (over 50% in this sample).
It also helps to dispel the fear that delaying airway evaluation and interventions/
intubation in favor of resuscitation and hemorrhage control would result in higher
mortality and worse neurologic outcomes. However, the retrospective nature and
clear baseline differences between the two comparison groups limit any definitive
conclusions about whether an approach focusing on “C” first is associated with
improved outcomes.

A related and equally important study examined whether an aggressive posture
of early intubation in the Emergency Department (ED) versus delaying intubation
until arrival in the operating room (OR) was associated with any outcome differ-
ences among trauma patients requiring emergent surgery [21]. Among the 241
patients studied, 57% were intubated in the ED and 43% in the OR. Although there
were no identified differences in patient demographics, injury types, initial hemody-
namics, or injury severity, the incidence of post-intubation cardiopulmonary arrest
was significantly higher (8% vs 0.9%) in the ED intubation cohort. Earlier ED intu-
bation was also not associated with any benefit in terms of time to definitive surgery
or hemorrhage control. This study helps to quantify the common experience of
many trauma surgeons with post-intubation collapse and arrest in patients with
hemorrhagic shock who undergo RSI prior to adequate resuscitation and/or hemor-
rhage control.

Pre-hospital/ER/OR Intubation

There is no doubt that the airway needs to be evaluated and addressed especially
in an unstable trauma patient. However, the question still remains, where and
when should this occur? There is significant evidence that in the bleeding or
unstable trauma patient intervention in the pre-hospital setting without proper
resuscitation will yield a worse overall outcome and delay the time to needed
interventions or surgery. Sokol et al. reviewed the Department of Defense Trauma
Registry looking at pre-hospital interventions in pediatric trauma patients, with
interventions categorized into airway (“A”) or circulation (“C”) groups. Their
analysis found that “A” interventions were associated with higher unadjusted
mortality and remained independently associated with increased mortality after
multivariate adjustment was performed [22]. In stark contrast, the “C” interven-
tions were associated with a significant survival benefit among patients with major
bleeding injuries. Non-military studies have yielded similar results of an increase
in morbidity and mortality with pre-hospital airway interventions and intubation
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[23, 24]. Some recent studies have gone even farther and investigated whether
patients should have intubation delayed until the operating room [21]. In this
analysis the authors were able to associate emergency department intubated
patients with a higher chance of sustaining post-intubation traumatic cardiopul-
monary arrest. This data suggests that control of hemorrhage and early initiation
of resuscitation is critical to minimizing preventable complications related to air-
way interventions. Although a common theme in most trauma textbooks and
ATLS for patients with major hemorrhage is to “minimize time in the ER” and
transport them expeditiously to the OR, there is always some delay introduced by
the ER evaluation. Several civilian trauma systems have introduced systems for
“Direct to OR” trauma resuscitation where select patients are triaged directly to a
fully equipped operating room for the initial evaluation and resuscitation [25-27].
This concept revolves around expeditiously getting the patient to the proper
resources where control of hemorrhage and initiation of blood product resuscita-
tion can be accomplished prior to or during the initiation of “A” interventions. The
published series have demonstrated that this approach is associated with signifi-
cantly shorter times to initiation of lifesaving interventions, faster hemorrhage
control, and decreased mortality rates compared to predicted survival.

Recommendations Based on Data

In the pre-hospital setting, trauma patients with signs of ongoing hemorrhage or
hemorrhagic shock should have “C” assessments and interventions performed
before “A” interventions. “C” assessments and interventions should include tourni-
quets, direct pressure, and balanced resuscitations with component therapy or
whole blood.

Rapid sequence intubation (RSI) in the presence of ongoing hemorrhage, cardiac
tamponade, and hemorrhagic shock can produce precipitous instability and cardio-
vascular arrest. RSI should be delayed whenever possible until hemodynamic stabi-
lization, and until adequate initial resuscitation is begun in a setting equipped for
immediate hemorrhage control.

In most settings the reality is that the “A” and “C” assessments and temporizing
interventions should be done simultaneously. However, major trauma victims are
more likely to die from hemorrhage/circulation issues than airway issues, and hem-
orrhage and circulation concerns should take priority.

Summary of Recommendations

e In the military trauma population, the key maneuver in avoiding preventable
mortality is to address hemorrhage control and circulation first. Civilian and
military training programs should focus on this area versus airway interventions
(Evidence quality high; strong recommendation).
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e Delaying airway evaluation and interventions/intubation in favor of resuscitation
and hemorrhage does not result in higher mortality and worse neurologic out-
comes (Evidence quality poor; moderate recommendation).

e In the pre-hospital setting, “A” interventions are associated with higher unad-
justed mortality and increased mortality after multivariate adjustments, while
“C” interventions are associated with a significant survival benefit among
patients with major bleeding injuries (Evidence quality moderate; moderate
recommendation).

 In all cases with signs of shock, RSI should not be performed until some form of
resuscitation is begun and preferably the bleeding has been controlled or will be
controlled shortly (Evidence quality moderate; moderate recommendation).

Personal View of the Data

The motto of the military Joint Trauma System is “Right patient, right place, right
time, right care,” and really distills the essence of the recent large volume of experi-
ence with severely injured and bleeding combat casualties. With real-time analyses
of data from both military and civilian trauma deaths, it became apparent that hem-
orrhage and hemorrhage control should clearly replace “airway” as the primary
concern and focus in the pre-hospital and early in-hospital phases of care. Although
lack of an airway can certainly produce rapid death, the probabilities and likelihood
of survival weigh much more heavily in favor of hemorrhage control measures ver-
sus airway interventions or intubation. In reality at modern trauma centers, these
assessments and interventions should be performed simultaneously and not in the
strict “ABCD” sequence taught by ATLS, but the ordering is important for shaping
how providers and particularly trainees think about and prioritize these problems.
We also must distinguish what is particularly harmful about focusing on “A” first
versus what is relatively harmless in the big picture.

This combination of bedside exam and imaging can be done in a matter of min-
utes and should reliably identify or rule out sites of major hemorrhage. For external
hemorrhage the immediate focus should be on direct wound management, tourni-
quet/hemostatic dressing placement, and any other adjunct to stop the visible bleed-
ing. For non-compressible truncal hemorrhage, the focus should be on rapid
transport to a setting where operative hemorrhage control can be obtained, with
simultaneous initiation of controlled resuscitation with blood products when avail-
able. In both cases, basic airway maneuvers should then be performed based on the
airway assessment, but rapid sequence intubation should be avoided if possible.
Only in the rare situation of a mechanical airway obstruction or significantly pro-
longed transport times should emergent RSI or a surgical airway be required. In all
cases with signs of shock, RSI should not be performed until some form of resusci-
tation is begun and preferably the bleeding has been controlled or will be controlled
shortly. For patients being evaluated in the ER and who clearly need operative hem-
orrhage control, we should avoid what I call the “ER full meal deal”” where the team
delays transport to perform intubation, place a central venous line and/or arterial
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line, and give multiple rounds of blood products. All of these things can be delayed
until the patient is in the operating room and can then be performed as the surgeon
is obtaining definitive hemorrhage control. So in these authors’ opinion, and in
response to this chapter title, “ABC” should NOT be the standard mantra for bleed-
ing trauma patients. The military approach with “C” assessment and interventions
first should be the new standard of care and will hopefully avoid the predictable and
preventable mortality and morbidity associated with premature RSI and intubation
in the unstable patient.
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Difficult Decisions in Trauma Surgery: 2
What Is the Clinical Impact of Whole

Blood as Compared to Component

Therapy in Civilian Trauma?

Lane L. Frasier, Andrew J. Benjamin, C. William Schwab,
and Jeremy W. Cannon

Introduction

Whole blood transfusion was the standard of care for patients with traumatic inju-
ries during World War I and II and the Korean War, with >600, 000 units of whole
blood transfused during the Korean War [1]. In the 1960s, blood banks began sepa-
rating donated blood into component therapy, prolonging storage times and allow-
ing transfusions for specific requirements (e.g., transfusing only platelets for
patients with thrombocytopenia). With this shift in blood bank practices, surgeons
also changed their transfusion practices for management of patients with traumatic
injuries, incorporating large volume crystalloid, followed by packed red blood cells
(pRBCs) with low ratios of fresh frozen plasma (FFP) and platelets. This was
accompanied by risks of coagulopathy, fluid overload, and abdominal compartment
syndrome. Although damage control resuscitation practices (DCR) mitigate some
of these adverse effects, even balanced component resuscitation with 1:1:1 compo-
nent therapy of pRBCs to FFP to platelets yields a relatively anemic, thrombocyto-
penic, and hypo-coagulable product for infusion [2].
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Recently, there has been renewed interest in resuscitating patients with traumatic
hemorrhage with whole blood. Proponents argue that this approach replaces all the
components that lost with traumatic hemorrhage with a much lower volume of addi-
tives that contribute to ongoing coagulopathy.

During the recent conflicts in Iraq and Afghanistan, the U.S. military permitted
the transfusion of whole blood when component blood products were not available
in sufficient quantities to enable adequate resuscitation of patients with traumatic
injuries. In the austere environment, sufficient quantities of pPRBCs and FFP can be
difficult to maintain, and apheresis platelets are very rarely available due to the
ultra-short shelf life of this product. Accordingly, many patients received whole
blood transfusion as a substitute source of platelets. Observational studies reporting
non-inferiority and possibly a clinical benefit further renewed interest in use of
whole blood for treating traumatic hemorrhage.

This chapter summarizes the current literature regarding whole blood transfusion
for treatment of traumatic hemorrhage as compared to component therapy.

PICO Questions and Search Strategy

For this review, we developed three questions addressing a specific patient popu-
lation (P), intervention (I), comparators (C), and outcomes of interest (O)
(Table 2.1). A systematic review of the literature addressing these three PICO
questions was performed using MEDLINE and EMBASE databases to identify
English-language studies published before January 2020 using the medical sub-
ject heading (MeSH) terms and keywords. All studies including randomized con-
trolled trials (RCTs), observational studies, and retrospective studies were
evaluated. Quantitative analysis was performed using Review Manager (RevMan)
5.2 (Copenhagen, Denmark).

Relevant outcomes were identified by the chapter authors and rank ordered in
terms of importance for medical decision-making and perceived patient preference.
These included mortality, specific complications including multi-system organ fail-
ure (MSOF), venous thromboembolism (VTE) including deep venous thrombosis
(DVT) and pulmonary embolism (PE), and transfusion reactions. Outcomes were
scored from 1 (critical for decision-making) to 10 (not important for decision-
making) using Research Electronic Data Capture (REDCap) hosted by the University
of Pennsylvania (Table 2.2).

Table 2.1 PICO questions

Patients (P) Interventions (I) Comparators (C) Outcomes (O)
Acutely bleeding Transfusion with Component therapy Improved mortality
patients whole blood at 24-h and 30 days
Acutely bleeding Transfusion with Transfusion with Multi-system organ
patients whole blood high titer | whole blood low titer | failure (MSOF)
Acutely bleeding Transfusion with Component therapy Risk of antibody
woman of childbearing | whole blood formation

age
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Table 2.2 Rank order of outcomes of interest

Outcome Sub-category Score®
Mortality Death from hemorrhage >24-h mortality >30-day/hospital | 2
mortality >6-h mortality

Any complication MSOF > respiratory > renal > infectious > VTE 4
Total blood product 4
requirement

Any transfusion reaction 5
Hemolysis 6
Volume of anticoagulant 6
Expense 6
Transfusion logistics 8

MSOF multi-system organ failure, VTE venous thromboembolism
2]1-3 = Critical for decision-making; 4-7 = Important but not critical for decision-making;
8-10 = Less important for decision-making, of lower importance to patients

Results
Results for Mortality (PICO 1)

In the acutely bleeding trauma patient, does transfusion with whole blood compared
to component therapy result in improved mortality at 24-h and 30-days?

Qualitative Synthesis

A meta-analysis by Crowe et al. [3] identified 12 studies (total of 8431 patients)
evaluating mortality outcomes at 24 h, 30 days, or in-hospital. They identified sig-
nificant heterogeneity of populations, settings, interventions, and studied outcomes,
and found no differences in mortality when patients received whole blood versus
component therapy.

Cotton et al. [4] report on a randomized controlled pilot trial of modified whole
blood (leukoreduced, resulting in platelet depletion) compared to component ther-
apy for civilian trauma patients with severe trauma and predicted to require massive
transfusion.

Seheult et al. [5] described a retrospective analysis of 135 civilian trauma patients
who received low-titer whole blood transfusion (LTWB, defined here as) who were
propensity-matched 1:1 to civilian trauma patients who received >1 unit pRBC dur-
ing their first 24 h after admission. The authors found no significant differences in
24-h or in-hospital mortality between patients receiving component therapy without
LTWB compared to patients who received LTWB (6-h mortality 3.7% vs 3.0%,
p = 0.74; 24-h mortality 12.6% vs 8.9%, p = 0.33; in-hospital mortality 18.5% vs
24.4%, p = 0.24).
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Jones and Frazier [6] describe a retrospective analysis of the 2009 National
Trauma Data Bank to perform logistic regression and identify predictors of mortal-
ity. Analyzing 1745 patients ages 18—45 with major trauma, defined as Injury
Severity Score (ISS) > 25, the authors found that higher ISS, longer pre-hospital
transfer time, and transfusion with component blood products were independently
associated with mortality. Component therapy was associated with a higher odds
ratio (3.164, 95% CI 1.314-7.618, p = 0.01) of overall mortality compared to whole
blood transfusion. Neither 6-h nor 24-h mortality was reported in this analysis.

Nessen et al. [7] performed a retrospective analysis of 488 military trauma
patients who received fresh whole blood (FWB) in addition to pRBC and fresh fro-
zen plasma (FFP) in Afghanistan, where platelet component therapy was not readily
available, compared to patients who did not receive FWB. They found that patients
who received FWB in addition to pRBC and FFP component therapy had lower in-
hospital mortality (OR 0.096, 95% CI 0.02-0.55, p = 0.008) despite having higher
ISS. A subset analysis of patients who received uncrossmatched Type O FWB
(N =46) compared to type-specific FWB (N = 48) found no difference in mortality.
Neither 6-h nor 24-h mortality was reported in this analysis.

A similar retrospective analysis by Auten et al. [8] yielded conflicting results.
This smaller analysis of 61 US military trauma patients with ISS > 15 was per-
formed, evaluating outcomes for patients who received component therapy with
pRBC and FFP (N = 35) vs component therapy plus FWB (N = 26) found no sur-
vival benefit at 24 h or 30 days for patients receiving component therapy plus FWB
using logistic regression (OR 0.81, 95% CI 0.08-7.82).

Perkins et al. [9] performed a retrospective analysis of military trauma patients
in Iraq requiring massive transfusion, defined as >10 units of blood products in 24 h
and compared patients receiving component platelets (N = 284) vs those receiving
FWB (N = 85). Using multivariate regression, the authors found no difference in
survival between patients receiving component platelets vs FWB as part of their
massive transfusion resuscitation at 24 h (p = 0.06). Mortality was not reported at
6 h in this analysis.

Spinella et al. [10] report a retrospective analysis of military personnel with trau-
matic injuries between 2004 and 2007, who received whole blood, but not compo-
nent platelets, in addition to component therapy with pRBC and FFP (N = 100),
compared to patients who underwent component therapy with pRBC, FFP, and
platelets (N = 254). Reported outcomes included 24-h and 30-d mortality. Using
multivariate regression, use of whole blood, and increasing volumes of whole blood
transfusion, were associated with improved 30-day survival.

Yazer et al. [11] reported outcomes for male patients with traumatic injuries and
hemorrhage requiring blood transfusion, comparing outcomes for 47 patients who
received 1-2 units of whole blood to 145 historical controls who required transfu-
sion within 24 h of admission. They reported no difference in mortality for patients
receiving 1-2 units of whole blood (36%) compared to historical controls (28%),
p=0.27.

Kauvar et al. [12] evaluated 281 military trauma patients who received blood
transfusion in 2003. Thirty-six of these patients received FWB transfusion. Although
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mortality data were missing for 6% of patients not receiving FWB, overall mortality
did not differ between groups. Mortality was not reported at 6 or 24 h in this analysis.

Zhu et al. [13] review outcomes for severely injured trauma patients requiring
blood products pre-hospital. They report on 25 adult (22 traumatically injured)
patients who received whole blood en route to hospital. They report gross mortality
rate (36%) including pre-hospital deaths, and compare to historical controls (62%).
Ho and Leonard [14] review 353 patients who received massive transfusion proto-
col, 77 of whom received whole blood during their massive transfusion. Only 25%
of patients in the massive transfusion group overall carried a diagnosis of trauma,
however (12% of the whole blood recipients and 30% of standard MTP).

Quantitative Synthesis

Five articles met criteria for quantitative analysis of 24-h mortality (Fig. 2.1), and 11
articles met criteria for quantitative analysis of 30-day or in-hospital (Fig. 2.2) mor-
tality. Both are sub-divided by intervention with stored whole blood, common in
civilian and military settings, and fresh whole blood, used nearly exclusively in the
military setting. Interventions with stored whole blood demonstrate low heterogene-
ity, while interventions with fresh whole blood had a moderate degree of heterogene-
ity. The combined effect showed no benefit with a low degree of heterogeneity.

Grading the Evidence

The overall quality of the evidence was Low (30-day mortality) to Very Low
(6-h and 24-h mortality) due to the retrospective nature of most data, high risk
of bias, and imprecision of reported outcomes. Funnel plots evaluating risk of
publication bias are seen in Fig. 2.3. There is the potential for publication bias
for 24-h mortality, indicated by the lack of publications occupying the lower

Whole Blood Component Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Stored Whole Blood

Cotton 2013 6 55 5 52 12.2% 1.15[0.33, 4.083] e
Hazelton 2019 41 91 75 182  37.7% 1.17[0.70, 1.94] —-—
Subtotal (95% Cl) 146 232 49.9% 1.17[0.73, 1.87] >

Total events 47 80

Heterogeneity:Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I> = 0%
Test for overall effect: Z = 0.64 (P = 0.52)

1.1.2 Fresh Whole Blood

Auten 2015 1 26 2 3 37% 0.66 [0.06, 7.69] _—
Perkins 2011 16 85 45 284 30.8% 1.23[0.66, 2.31] -

Spinella 2009 4 100 31 254  15.6% 0.30[0.10, 0.87] —

Subtotal (95% Cl) 211 573  50.1% 0.67 [0.22, 1.97] -

Total events 21 78
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Fig. 2.1 Quantitative analysis of 24-h mortality (PICO 1). Articles are sub-grouped by interven-
tion using stored whole blood or fresh whole blood. CI Confidence Interval
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Whole Blood Component 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Stored Whole Blood
Cotton 2013 15 55 8 52 7.3% 2.6[0.79, 5.28] e
Jones 2014 17 83 429 1662 12.2% 0.74[0.43, 1.28] b
Williams 2020 53 198 40 152 13.2% 1.02[0.63, 1.65] T
Yazer 2016 17 47 40 145 10.1% 1.49[0.74, 2.99] T
Zhu 2019 9 25 81 130 7.9% 0.34[0.14, 0.83] e
Subtotal (95% Cl) 408 2141  50.8% 0.95 [0.59, 1.54] <>
Total events 111 598

Heterogeneity:Tau? = 0.18; Chi? = 10.11, df = 4 (P = 0.04); I> = 60%
Test for overall effect: Z = 0.21 (P = 0.83)

1.2.2 Fresh Whole Blood

Auten 2015 2 26 2 35 24% 1.38[0.18, 10.46] —

Ho 2011 31 77 97 276 12.6% 1.24[0.74, 2.09] -
Kauvar 2006 7 36 28 230 7.7% 1.74[0.70, 4.35] -
Nessen 2013 5 94 35 394 7.2% 0.58 [0.22, 1.51] —T
Perkins 2011 29 68 71 177 11.9% 1.11[0.63, 1.96] -
Spinela 2009 5 100 45 254  7.3% 0.24[0.09, 0.64] e
Subtotal (95% Cl) 401 1366  49.2% 0.89 [0.52, 1.51]

Total events 79 278

Heterogeneity: Tau? = 0.24; Chi? = 12.21, df = 5 (P = 0.03); I = 59%
Test for overall effect: Z = 0.44 (P = 0.66)

Total (95% CI) 809 3507 100.0% 0.92 [0.66, 1.29]

Total events 190 876

Heterogeneity:Tau? = 0.16; Chi2 = 22.21, df = 10 (P = 0.01); I = 55% I t t t i
Test for overall effect: Z = 0.46 (P = 0.64) 0.01 0.1 1 10 100

Test for subgroup differences:Chi? = 0.03, df = 1 (P = 0.85); I> = 0% Favors Whole Blood Favors Component

Fig. 2.2 Quantitative analysis of 30-day mortality (PICO 1). Articles are sub-grouped by inter-
vention using stored whole blood or fresh whole blood. CI Confidence Interval

right corner of the plot. There was a low likelihood of publication bias for
30-day mortality.

Results for Any Complications (PICO 2)

For the acutely bleeding trauma patient, does transfusion with whole blood with
high vs low antibody titer result in increased multi-system organ failure (MSOF) at
30 days?

Qualitative Synthesis

We identified no articles that addressed this question. There is currently no stan-
dard definition of “high” or “low” titer whole blood, and individual institutions
and blood banks must determine their own standards for the definition of “low”
titer [15] given the availability of donors and the risks of wasting donated blood
versus the risks of antibody-mediated transfusion reaction. Additionally, there
were few articles that evaluated MSOF after whole blood transfusion. We there-
fore amended our search to identify any complications associated with whole
blood transfusion.

Seheult et al. [5] evaluated Acute Kidney Injury (defined as any of the follow-
ing: increased creatinine 1.5x over baseline, absolute increase in creatinine
>0.5 mg/dL, or any post-admission creatinine >4.0 mg/dL) and bacteremia,
defined as any positive bacterial blood culture within 7 days of admission. Auten
et al. [8] evaluated complications including coagulopathy, any infection, blood
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clotting, transfusion reaction, and Acute Respiratory Distress Syndrome (ARDS).
Perkins et al. [9] evaluated complications including ARDS, MOFS, infection,
embolic event. Spinella et al. [10] evaluated complications including DVT, PE,
myocardial infarction (MI), cerebral stroke, ARDS, and renal failure, which were
not defined in the manuscript.

Quantitative Synthesis

Cotton [4], Perkins [9], and Spinella [10] included data appropriate for meta-
analysis of complications data (Table 2.3). Overall, there was a trend toward
increased complications with use of whole blood transfusion (Fig. 2.4). This
increase in reported complication with use of whole blood may represent survivor-
ship bias, driven by the increased survival reported with whole blood transfusion by
Spinella [10].



