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The Changing Landscape
of Trauma Care, Part 2

Ashley Menne, MD; Daniel Haase, MD, RDMS, RDCS; Jay Menaker, MD; Tom Scalea, MD

In the conclusion of this review of the changes in
trauma care, the authors focus on strategies and techniques
in caring for patients presenting with traumatic injuries.

Introduction
For decades, virtually all injury was treated
with open operative surgery. Resuscitation
was based on the belief that large-volume
crystalloid infusion to raise blood pressure
(BP) to normal was the optimal therapy.
Advanced trauma life support teaching was
that 2 L of crystalloid fluid should be the
initial resuscitation for all trauma patients,
and those who failed to respond should
receive additional crystalloid fluid. Patients
did not receive a blood transfusion until later
in treatment, and fresh frozen plasma (FFP)
and platelets were not given until 10 U of
blood had been administered. Regardless of
the fluid infused, the goal of initial resuscita-
tion was to raise BP to a normal level. During
the time | (TS) was chair of the emergency
medicine department at the State Univer-
sity of New York’s Kings County Hospital, |
remember administering liters of crystalloid
fluid preoperatively, believing it was not safe
to operate until the patient had been what we
termed “adequately resuscitated.”

However, as early as 1918, Walter B.

Cannon, MD, correctly observed that fluid
therapy without hemostasis was not wise,
and numerous animal studies since then
also raised serious questions about this ap-
proach. This article points out the revolution-
ary changes in the thinking and practice of
resuscitation that have occurred in the last 20
years. We now realize that raising BP to nor-
mal only perpetuates hemorrhage. Hypoten-
sion treated with additional volume resuscita-
tion without surgical control of hemorrhage
creates a cycle leading to dilution of clotting
factors and red blood cells (RBCs), recurrent
hypotension, and ultimately death.

The realization that early blood transfusion
is probably the wisest course is a concept
that has only been in clinical practice for less
than 15 years. Major trauma centers now
routinely keep type O negative blood in the
ED refrigerators so that it is instantly available.

Our understanding of trauma coagulopathy
also has changed dramatically. Once thought
to be simply a consequence of hypoten-
sion and hypothermia, we now realize that
coagulopathy following trauma is far more
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complicated and likely occurs in concert with
the inflammatory response to serious injury.
Regardless of its etiology, we have recog-
nized that earlier administration of plasma
and platelets following trauma prevents
coagulopathy, and this approach is more
beneficial than treating coagulopathy after

it develops. There has been much debate
about the optimal ratios of RBCs, plasma,
and platelets, and the ideal ratio has yet to
be determined. The idea that “one-size-fits-
all” is almost certainly not the case: Different
patients require different and more precise
treatment strategies.

For years, we have relied on labora-
tory measurements of coagulation to guide
transfusion therapy, but standard laboratory
values often take over 30 minutes to obtain.

In an extremely dynamic situation involving
large-volume blood loss, this interval is too lax.
A more personalized approach using rapidly
available technology, such as thromboelastog-
raphy (TEG), allows for real-time assessment
of a multiplicity of coagulation dynamics and
rapid correction of any abnormalities. Pro-
coagulants such as factor 7A, prothrombin
complex concentrate (PCC), and tranexamic
acid (TXA) have a role. However, the data to
support the use of these expensive agents is
lacking. While they certainly can be life-saving,
each of these components brings with it a risk
of causing indiscriminate coagulation—even in
areas of the body that are not injured. More-
over, their availability in nontrauma centers is
either limited or not an option.

There is little question that our rapid ad-
vances in understanding resuscitation and
transfusion practice has saved lives. Twenty
years ago, intensive care units were popu-
lated by trauma patients who had received
many liters of crystalloid fluid, and at least
partly a consequence of the resuscitation ex-
perience, many had severe respiratory failure.
Open abdomens were common and also a
likely consequence of large-volume crystal-
loid use. While these problems have not
entirely disappeared, they now occur much
less frequently.

Standardizing trauma care has also
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helped enhance patient care a great deal.
Most major trauma centers have a “mas-
sive transfusion” protocol which allows the
blood bank to prepare coolers containing not
only blood, but also plasma, platelets, and
procoagulants. This practice obviates the
need to order the components individually.
Rapid access to technology such as TEG
allows emergency physicians (EPs) and other
trauma care professionals to precisely guide
transfusion therapy, but this remains an area
of intensely debated investigation. Hopefully,
our understanding will continue to mature
over the next few years.

Another area of trauma care that has
rapidly evolved is the use of endovascular
techniques for trauma hemostasis. The
realization that we can obtain control of
vascular injury without the need for a large
open operation has revolutionized care. While
endovascular techniques have been used for
pelvic hemostasis since 1972, we now use it
regularly in every body cavity. Splenic artery
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embolization was developed by our (TS)
group in Brooklyn, New York in 1995, and its
use has now expanded to other abdominal
solid organ injuries.

Injuries to the thoracic aorta once required
a thoracotomy, cardiopulmonary bypass,
and open repair. Stent grafting is now the
treatment of choice for these injuries, al-
lowing for a minimally invasive solution, and
permitting those with both aortic and many
other injuries to receive care for all of these
wounds much sooner than was possible in
the past, when multiply injured patients were
simply not considered candidates for early
open repair.

Thoracotomy in the ED has been widely
practiced for a variety of indications. While
it is still the only available solution for injury
to the heart and/or proximal puimonary
vasculature in a patient who is hemody-
namically unstable and/or in extremis, other
options now exist to obtain vascular inflow
for patients bleeding in the abdomen or
pelvis. The use of transfemoral balloons for
aortic occlusion allows clinicians to temporize
hemorrhage without a huge open operation,
and resuscitative endovascular balloon oc-
clusion of the aorta (REBOA), has only been
available for the last several years. The exact
indications, wisest strategy, length of time the
balloon can be inflated, rate of complications,
and who is the appropriate physician (eg, EP,
intensivist, vascular surgeon) to insert it, all
remain questions requiring resolution. Much
more work is necessary to pursue the role
that REBOA can have in the care of desper-
ately injured trauma patients.

There has been a revolution in the care of
severely injured patients. After 50 years of
thinking that we knew the answers, we have
come to realize that those answers were
wrong. Newer resuscitation strategies, as
well as new treatment strategies continue to
evolve, allowing us to refine care of severely
injured patients. Perhaps the one thing we
have really learned is that we do not have all
of the answers and that the discussion must
continue if we are to do better at serving
more trauma victims.
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Damage Control Resuscitation

In the United States, trauma is the leading
cause of death in patients younger than
age 45 years and ranks as the fifth lead-
ing cause of death among all age groups.
Hemorrhage remains the leading cause of
preventable death in the trauma popula-
tion,! and one of the most important recent
changes in our care of the injured patient
is the manner in which we manage hem-
orrhage. As noted earlier, there has been
a paradigm shift away from large-volume
crystalloid resuscitation and toward what
has been termed “damage control resusci-
tation” (DCR).%?

The principles of the DCR strategy are
aimed at preemptively treating the lethal
triad of hypothermia, acidosis, and coagu-
lopathy in conjunction with control of sur-
gical bleeding using damage control sur-
gery. The main principles of DCR include
“permissive hypotension,” prevention of
heat loss and/or active warming, minimiz-
ing the use of crystalloid infusions, and
initiating resuscitation with blood prod-
ucts in a ratio that more closely resembles
whole blood.?

Permissive Hypotension

Permissive hypotension, also referred to
as hypotensive resuscitation, is not con-
sidered a goal or an endpoint, but rather
a “bridge” to definitive surgical control of
hemorrhage. The body’s initial response to
injury involves vasoconstriction and early
clot formation, a process facilitated by hy-
potension. The rationale for permissive
hypotension is that attempting to drive the
BP up to normal ranges may interfere with
vasoconstriction, as well as physically dis-
rupting this early clot, leading to increased
bleeding and further hypotension.

This concept has been corroborated by
many animal and human studies.? In 1994,
the landmark study by Bickell et al* ran-
domized patients with penetrating torso
trauma and a systolic BP (SBP) of 90 mm Hg
or lower to either immediate or delayed flu-
id resuscitation. Their study demonstrated
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that patients whose fluid resuscitation was
delayed until they reached the operating
room had improved outcomes. The study
supported the long-time prehospital prac-
tice of the “scoop-and-run” strategy, espe-
cially in penetrating torso trauma.

In 2003, Sondeen et al® used a swine
model of aortic injury to find an inflection
point for clot disruption and re-bleeding
during volume resuscitation. They found
the inflection point to be a mean arterial
pressure (MAP) of 64 mm Hg and an SBP
of 94 mm Hg, regardless of the size of the
aortotomy. Using an animal model of hem-
orrhagic shock, Li et al® demonstrated in
2011 that resuscitation to a MAP of 50
mm Hg was associated with a decreased
amount of blood loss as well as with im-
proved survival compared to patients who
were resuscitated to a MAP of 80 mm Hg.
However, they also showed that after a time
period of more than 90 to 120 minutes, the
lower MAP group had increased end organ
damage and worse outcomes, emphasizing
the importance of prompt surgical control
of bleeding—regardless of preoperative re-
suscitation strategy.

Other studies, though, have not shown
a clear benefit to permissive hypotension.
A 2002 study by Dutton et al” showed that
titration of initial fluid to a lower SBP (70
mm Hg) did not affect mortality when
compared to a target resuscitation MAP of
more than 100 mm Hg. Further, in 2014,
a plenary paper presented to the Ameri-
can Association for the Surgery of Trauma
demonstrated that controlled resuscitation
(CR) strategy was safe and feasible,® but did
not demonstrate a mortality benefit in the
overall cohort, though patients with blunt
trauma who received CR had improved
survival at 24 hours.

The group at Ben Taub General Hospi-
tal in Houston, Texas recently performed
a randomized controlled trial evaluating
intraoperative hypotensive resuscitation
strategies. Patients in hemorrhagic shock
were randomized to either an intraop-
erative MAP goal of 50 mm Hg or 65 mm
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Hg.%'® Preliminary results suggested that
targeting a lower MAP resulted in fewer
blood product transfusions, less fluid ad-
ministration, less coagulopathy, and lower
mortality in the early postoperative period.
Additionally, they demonstrated a nonsig-
nificant trend toward improved 30-day
mortality in the lower MAP group.® More-
over, in this study there was no increased
morbidity associated with the hypotensive
strategy,'® suggesting that the approach was
safe. Unfortunately, the trial was stopped
early due to slow enrollment.

Despite the overall promising results
with permissive hypotension, it is impor-
tant to remember that it is contraindicat-
ed in patients with known or suspected
traumatic brain injury, as hypotension
has been shown to be detrimental in this
population.”

Hemostatic Resuscitation and Coagulopathy
Avoiding Aggressive Crystalloid Resuscitation. While
the ideal MAP to target during DCR re-
mains unclear, the potential harm caused
by aggressive crystalloid resuscitation has
become more evident. Infusing excessive
amounts of crystalloid has been shown
to be associated with increased ventila-
tor days, multisystem organ failure, ab-
dominal compartment syndrome, and
surgical-site infections'>—all of which
have also been associated with systemic
consequences of increased inflammation,
including increased release of tumor ne-
crosis factor-alpha and other proinflamma-
tory cytokines."

Rodent studies have demonstrated large-
volume crystalloid administration and
breakdown or “thinning” of the endothe-
lial glycocalyx, which leads to increased
capillary leak, third-spacing, and ultimate-
ly intravascular volume depletion.'*** This
mechanism has been linked to pulmonary
complications, namely acute lung injury
and acute respiratory distress syndrome.
Enteric edema resulting from aggressive
crystalloid resuscitation has also been asso-
ciated with prolonged postoperative ileus,
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increased risk of anastomotic leak,'® and
inability to achieve primary fascial clo-
sure.’® All of the aforementioned compli-
cations are reduced when employing a re-
strictive fluid resuscitation strategy.'”

Aggressive crystalloid administration in
hemorrhagic shock also leads to dilutional
coagulopathy. Multiple animal and human
studies have shown an association between
increased crystalloid volumes in hemor-
rhaging patients and increasing coagu-
lopathy, blood loss, and mortality. In 2004,
Barak et al'® demonstrated that administra-
tion of a high volume of crystalloid fluid
(>3 L) or colloid (500 mL) was associated
with postoperative coagulopathy; where-
as in 2017, Harada et al," at Cedars-Sinai
Medical Center in New York, demonstrated
over a 10-year period that decreased high-
volume (>2 L) crystalloid resuscitation par-
alleled a decrease in mortality.

Massive Transfusion Protocols. Many trau-
ma centers have shifted away from high-
volume crystalloid resuscitation in favor of
massive transfusion protocols (MTPs) uti-
lizing standardized ratios that more closely
mimic whole blood. The MTPs center on
the principle of equal transfusion ratios of
blood product as opposed to packed RBCs
(PRBCs) alone. This means effecting a
plasma-rich resuscitation and preemptive
correction of coagulopathy with FFP and
platelets in addition to PRBCs.

Data from a US Army combat support
hospital have demonstrated improved sur-
vival with an FFP to PRBC ratio of more
than 1:1.4,% and civilian studies have
produced similar findings.?*** All of these
studies also noted improved mortality with
higher (>1:2) platelet to PRBC ratios.?*** Al-
though, the ideal ratio remains unknown,
many MTPs aim for 1:1:1 ratio (6 U FFP
to 6 packed platelets to 6 U PRBC), which
most closely mimics whole blood.

The Pragmatic Randomized Optimal
Platelet and Plasma Ratios trial was a re-
cent large multicenter randomized trial
that compared transfusion ratios of 1:1:1
and 1:1:2. The trial was unable to demon-

346 EMERGENCY MEDICINE B AUGUST 2017

THE CHANGING LANDSCAPE OF TRAUMA, PART 2

strate a difference in mortality at either 24
hours or 30 days, though more patients in
the 1:1:1 ratio group achieved hemostasis
and fewer patients in this group died from
exsanguination in the first 24 hours.*

Prehospital PRBC Administration. A number
of studies have looked at prehospital ad-
ministration of PRBCs.***” Holcomb et al*
showed no overall survival advantage at
24 hours, but did demonstrate a negligible
blood-product wastage. In 2015 Brown et
al** found an increase probability of 24-
hour survival, decreased shock, and lower
24-hour PRBC requirements with pretrau-
ma-center PRBC transfusion. That same
year Brown et al*” demonstrated that pre-
hospital PRBC transfusion in severely in-
jured blunt trauma patients was associated
with decreased 24-hour and 30-day mor-
tality rates, and a lower risk of coagulopa-
thy. Currently, the Prehospital Air Medical
Plasma trial is enrolling patients to evalu-
ate the prehospital administration of plas-
ma.”® The primary endpoint of the study is
30-day mortality; the tentative completion
date for the study is January 2018.

Tranexamic Acid. Another important de-
velopment in the treatment of hemorrhagic
shock in recent years has been the use of
TXA, an antifibrinolytic agent which in-
hibits the conversion of plasminogen to
plasmin. It has been shown to decrease
mortality in both civilian and military
trauma populations.?**

The Clinical Randomization of an Antifi-
brinolytic in Significant Hemorrhage 2 trial
was a large multicenter randomized trial,
which showed a survival benefit among
those who received TXA. The generaliz-
ability of the study has been questioned in
the setting of modern urban trauma cen-
ters, as most of those enrolled in the study
were from hospitals with no formal MTPs
and a limited availability of blood prod-
ucts. Additionally, no laboratory measures
of fibrinolysis were available.*

Most experts currently recommend TXA
use as part of an MTP if there is evidence
of hyperfibrinolysis on TEG or in severe
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hemorrhagic shock when the time from
injury has been less than 3 hours, as stud-
ies have shown increased mortality when
TXA was administered longer than 3 hours
after injury.®

Viscoelastic Assays

An alternative approach to standardized
ratio MTPs involves goal-directed hemo-
static resuscitation using viscoelastic as-
says to guide transfusion of blood-product
components. Both TEG and rotational
thromboelastometry (ROTEM) are point-
of-care tools for assessment of coagulation
parameters of whole blood. Although they
are not new technology, their use in trauma
resuscitation is a relatively new concept.
While ROTEM is more commonly used
in Europe, TEG is more popular and com-
monly used in the United States, though
not exclusively.!32

Thromboelastography

The TEG parameters most commonly used
clinically are reaction time (R-time), kinet-
ics time, angle, maximum amplitude (MA),
and lysis at 30 minutes (LY30).

Reaction Time. The R-time is measured
in minutes and represents the time to clot
initiation, reflecting activity of coagulation
factors. It is used in TEG-guided MTPs to
trigger transfusion of FFP.**2 The R-time
is measured at the time the clot strength
reaches an amplitude of 2 mm.* The angle
reflects the rate of rise of the amplitude of
the TEG tracing, or the rate of increase in
clot strength. Clinically, the angle repre-
sents fibrinogen concentration and func-
tion, and is used to trigger transfusion of
cryoprecipitate or fibrinogen concentrate
in MTPs.3132

Maximum Amplitude. The MA is reached
by the TEG tracing, or the maximum clot
strength achieved. Although the MA has
been shown to correlate with platelet
count, it actually represents platelet count
and function as well as fibrinogen activ-
ity, all of which contribute to clot strength.
Clinically, MA is used to trigger platelet
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transfusion and/or administration of des-
mopressin in MTPs.?*52

Lysis at 30 Minutes. The LY30 is defined
as the percent reduction in clot strength
30 minutes after reaching MA.*'** Nor-
mal LY30 values are between 0% and
7.5%; however, these values have been
challenged in recent studies, which
have reported that an LY30 greater than
3% (termed hyperfibrinolysis) confers a
significant increase in mortality and an
increased likelihood of requiring massive
transfusion.®* These findings have led to
incorporation of this lower threshold as a
trigger for administration of TXA during
MTPs. Furthermore, an LY30 of less than
0.8% (described as fibrinolysis shutdown)
has also been found to confer an increase
in mortality,** which has led many to
advocate for goal-directed administra-
tion of TXA, rather than empiric admin-
istration, as these patients are more likely
to be harmed than helped by such an
intervention.*

Rapid Thromboelastography

Rapid TEG employs tissue factor to ac-
celerate clot initiation and reaction time,
providing an additional parameter which
reflects coagulation factor activity: the ac-
tivated clotting time (ACT).*

Activated Clotting Time. Historically used
in cardiac surgery to measure anticoagu-
lation during a cardiopulmonary bypass,
ACT represents the same phase of coagula-
tion as R-time, but is measured in seconds
instead of minutes.* The ACT has been
found to correlate with prothrombin time/
international normalized ratio (PT/INR),
and accurately predicts the need for MTP.

Cotton et al*® found that an ACT of more
than 128 seconds predicted patients requir-
ing MTP, and an ACT lower than 105 sec-
onds predicted those who required no trans-
fusions in the first 24 hours after injury.*

The ACT can be used to trigger transfu-
sion of FFP, but at certain thresholds, may
also be used to trigger the early transfusion
of cryoprecipitate and platelets.*® Moore et
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al*® found that an ACT over 140 seconds
was able to predict an abnormal angle and
MA. This had led to using this threshold
as a trigger for early administration of cryo-
precipitate and platelets, given this param-
eter is available within 5 minutes—long
before the angle and MA have resulted.

Efficacy

The use of a TEG-guided strategy for MTP
in trauma has shown great promise. In
2013, Tapia et al*’ compared a historical
cohort who received 1:1:1 MTP to a TEG-
guided MTP and demonstrated improved
mortality. In 2016, Gonzalez et al*®* com-
pared TEG-guided transfusion vs conven-
tional coagulation tests (PT/INR, PTT, fi-
brinogen, platelets). The authors found a
significant decrease in mortality and plate-
let and FFP transfusion when TEG-guided
resuscitation is used.

Endovascular Techniques

The use of endovascular techniques in trau-
ma continues to evolve. According to the
National Trauma Data Bank, the use of en-
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(A) Computed tomography (CT) image demonstrating a blunt traumatic aortic injury prior to thoracic endovascular aortic repair (TEVAR).
(B) Sagittal CT view demonstrating aortic stent placement post-TEVAR.

dovascular therapies has increased from 1%
of trauma cases in 2002 to 11% in 2008.%

Thoracic Endovascular Aortic Repair
Thoracic endovascular aortic repair (TE-
VAR) for blunt thoracic aortic injury has
essentially replaced open surgical repair.
(See Figures 1a and 1b for an example of
a blunt traumatic aortic injury prior to and
post-TEVAR placement.) While TEVAR
has demonstrated decreased mortality,
hospital length of stay, and procedure-re-
lated paraplegia when compared to open
repair,**#! the rate of graft-related compli-
cations, has significantly increased. How-
ever, given that TEVAR is still a relatively
new technique, long-term data are lack-
ing.*

Transarterial Catheter Embolization

Endovascular treatments have also been
used successfully in the management of in-
juries to aortic branch vessels and extremity
vessels.*? Transarterial catheter embolization
with coils, plugs, or gel foam is being em-
ployed with increasing frequency to achieve
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(A) X-ray and (B) computed tomography images demonstrating successful resuscitative endovascular balloon occlusion of the aorta
(REBOA) placement.

hemostasis in the pelvis and spleen.** It may
also be used as an adjunct to laparotomy
and perihepatic packing in high-grade liver
injuries, though it is associated with signifi-
cant morbidity related to hepatic necrosis,
bile leaks, and abscesses.****

Resuscitative Endovascular Balloon
Occlusion of the Aorta

Most recently, REBOA has been used for
noncompressible torso hemorrhage fol-
lowing trauma. This method involves per-
cutaneous arterial cannulation of the com-
mon femoral artery and advancement of
a balloon into the aorta, where it is then
inflated at the desired level. Depending on
suspected or known location of the source
of hemorrhage, this is either just proximal
to the diaphragm (zone 1), or just proximal
to the aortic bifurcation (zone 3). (See Fig-
ures 2a and 2b for an example of success-
ful REBOA placement.)

Once inflated, the balloon obstructs arte-
rial inflow to the area of hemorrhage, cur-
tailing blood loss, and increases proximal
BP, improving coronary and cerebral perfu-
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sion. Multiple case reports and case series
have described successful use of REBOA for
hemorrhage control, including prehospital
use by physicians in the United Kingdom.
The largest series to date looked at 114 pa-
tients, of whom 46 had REBOA placement
and 68 had open aortic occlusion through
resuscitative thoracotomy.*® Those treated
with REBOA were significantly more like-
ly to achieve hemodynamic stability (de-
fined as SBP >90 mm Hg for >5 minutes).
Furthermore, the authors noted minimal
complications from REBOA and no differ-
ence in time to successful aortic occlusion,
regardless of technique. There was also no
difference in mortality between the two
groups. Despite the small number of stud-
ies in trauma patients, REBOA has been
established as a viable alternative to open
aortic occlusion. The prospective Aortic
Occlusion for Resuscitation in Trauma and
Acute Care Surgery registry established by
the American Association for the Surgery of
Trauma is continuing to enroll patients and
will hopefully answer many of the current
uncertainties regarding the use of REBOA.
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Conclusion

Strategies and techniques for the care of
the injured patient have changed signifi-
cantly in the past few years. Damage con-
trol resuscitation includes three elements:
damage control surgery, permissive hypo-
tension, and blood-product resuscitation.

The goals of lowering MAP in hemor-
rhagic shock appear to be safe and make
sense physiologically, but have yet to show
clear mortality benefit. Avoidance of exces-
sive crystalloid resuscitation and trends
toward more physiological ratios of blood
product resuscitation have shown better
outcomes. While the ideal ratio of blood
products in transfusion remains unknown,
the use of a massive transfusion strategy is
preferable to crystalloid fluids. The use of
viscoelastic assays (TEG and ROTEM) have
allowed for goal-directed blood product
resuscitation and may improve outcomes
when compared with prescribed resuscita-
tion ratios.

Finally, endovascular techniques in
trauma have been increasingly utilized
over the past 15 years, making nonop-
erative management with angiographic
embolization for solid organ injury com-
mon practice now in most trauma centers
worldwide. Temporary aortic balloon oc-
clusion with REBOA appears promising
in many cases of noncompressible truncal
hemorrhage until definitive hemostasis
can be achieved, but studies are needed to
determine its ultimate place in the care of
the trauma patient.
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