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his is a recommended evaluation and management algo-

rithm from the Western Trauma Association (WTA) Algo-
rithms Committee addressing the management of adult trauma
patients who arrive postinjury in extremis and are considered for
emergency resuscitative thoracotomy (ERT). To date, there are
no published prospective randomized controlled clinical trials that
have generated class I data on the topic of selection for ERT, and
there are unlikely to be any given ethical considerations. These
recommendations are based on published prospective and retro-
spective cohort and multicenter registry studies, systematic reviews
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and meta-analyses, and expert opinion of WTA members. The
WTA algorithms are drafted by the Algorithms Committee with
the final algorithm the result of an iterative process including ini-
tial review and revision by the committee members, presentation
to the full WTA membership at the annual meeting for active dis-
cussion commentary and suggestions, followed by final revisions
based on input received during and after the meeting.

Since its reintroduction to clinical practice in the 1960s,
ERT has been widely adopted to salvage select trauma patients
who present with profound shock and cardiac arrest refractory to
resuscitation measures, and refinements have been made to define
which patients are most likely to benefit from the procedure.'
Wide variability is seen in survival rates based on mechanism
of injury, anatomic injury pattern, degree of physiologic derange-
ment, presence and duration of arrest, and signs of life (SOL) on
presentation to the hospital. Inappropriate utilization of the proce-
dure may lead to significant societal burden and cost, including
salvage of the neurologically devastated, diversion of resources
from other patients, consumption of blood products, utilization
of operating room and hospital resources, and exposure of health
care workers to injury and blood-borne pathogens.*®® Since the
publication of the WTA Resuscitative Thoracotomy Guideline in
2012, prospective and retrospective series using national regis-
tries, systematic reviews and meta-analyses, novel research into
components of resuscitation and evaluation of individual SOL,
and a national guideline from the Eastern Association for the
Surgery of Trauma (EAST) on patient selection for ERT that in-
form updates to the algorithm have been published.>®

This algorithm (Fig. 1) and procedure guide (Fig. 2) repre-
sent a reasonable approach to the assessment and management of
the adult trauma patient who may benefit from ERT. They contain
lettered annotations that refer to corresponding segments within
this article. The supporting text is intended to provide the rationale
for the steps in the algorithm and procedure guide with available
evidence, as well as highlight areas of controversy and knowledge
gaps that will benefit from additional research. In the algorithm
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Adult Emergency Resuscitative Thoracotomy (ERT) Algorithm
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Figure 1. Western Trauma Association adult ERT algorithm. (1) Rapidly establish definitive airway if not done in the field, continue CPR
(interruptions in CPR to facilitate resuscitation procedures are acceptable), and obtain vascular access, transfusion, external hemorrhage
control, and therapeutic adjuncts when indicated while assessing for signs of life. Do not delay ERT in injury patterns likely to benefit. (2)
Signs of life: pupillary response, spontaneous ventilation, presence of pulse or measurable blood pressure, extremity movement, and
electrical cardiac activity. (3) Profound shock: SBP < 60 mm Hg. (4) ROSC: Organized cardiac activity and sustained SBP > 70 mm Hg. (5)
Organized cardiac activity = organized non-fibrillating cardiac contractions. (6) At surgeon discretion and where available, REBOA may
be considered as an alternative for aortic occlusion when no concern for thoracic aortic injury.

section, the recommended step is described in the italicized text
after a discussion of evidence and rationale. Clinical decision
algorithms are intended to be used as a general framework rec-
ognizing that individual patient, institutional, personnel, and sit-
uational factors as well as the publication of new research may
warrant deviation from and adaptation of the guideline.

ALGORITHM

A: Patient Selection Based on Clinical Status on
Arrival and Initial Treatment

Rapid assessment of the patient arriving in extremis after
injury to identify easily reversible causes, provide simple lifesav-
ing interventions, and select those who may benefit from ERT
and/or aortic occlusion (AO) is the primary objective in the first
minutes after arrival. For most patients presenting with profound
shock or cardiac arrest after trauma, the cause will be significant
hemorrhage. Therefore, hemorrhage control, vascular access,
and restoration of intravascular volume should be the priority.
Hypoxemia and hypercapnia may rapidly lead to cardiac arrest
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and adequate oxygenation, and ventilation should be assured.
For the patient in cardiac arrest, rapid interventions to treat re-
versible causes should be performed in an attempt to obtain
the return of spontaneous circulation (ROSC) while the patient
is assessed for SOL. However, progression to ERT for those with
injury mechanism and pattern most likely to benefit from tho-
racic exploration and control, as described in sections D and E,
should not be delayed for adjunctive procedures.>®!%!3

While chest compressions have not been clearly demonstrated
to improve outcomes in posttraumatic arrest, they may be helpful in
patients who have a source of cardiac arrest other than hemorrhage
or whose cause of arrest is suspected to be medical.'*™"” However,
in animal models of arrest due to hemorrhagic shock, closed
chest compressions (CCC) have failed to demonstrate an im-
provement in arterial pressure and have been associated with a
lower likelihood of ROSC than volume resuscitation alone.'®2°
Although continuation of CCC in traumatic arrest is reasonable,
their performance should not impede or delay establishment of
intravenous access and volume resuscitation, procedures used
to address reversible causes of traumatic cardiac arrest, ERT,
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Adult Emergency Resuscitative Thoracotomy (ERT) Procedure Guide
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Figure 2. Western Trauma Association adult ERT procedure guide.

or AO. Mechanical compression devices impede access to the

chest and if placed by prehospital providers should be removed
on arrival to facilitate evaluation and resuscitation procedures.
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dicated in those with profound shock or cardiac arrest who re-
spond to initial resuscitation and adjunctive treatment with
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ROSC, defined as a perfitsing organized cardiac rhythm and a
sustained systolic blood pressure of >70 mm Hg. Resuscitation
should continue aiming for rapid movement to definitive hemor-
rhage control and injury specific management.

B: Selection for ERT Based on Signs of Life and
Pulseless Cardiac Electrical Activity

The likelihood of neurologically intact survival for those
who undergo ERT is impacted by the presence of SOL on ar-
rival, the location and duration of traumatic cardiac arrest
(prehoslgital or in-hospital), and mechanism and pattern of
injury.>*!%122! The definition of SOL is widely accepted and
includes reactive pupillary response, spontaneous movements,
spontaneous ventilation, presence of a carotid pulse, measurable
or palpable blood pressure, and cardiac electrical activity
(CEA).** Survival for blunt trauma patients presenting without
SOL ranges from 0% to 0.7%, while it ranges from 1.6% to
8.3% in penetrating trauma.>'*'" The likelihood of neurologi-
cally intact survival is higher with penetrating thoracic injury
compared with penetrating extrathoracic or blunt injury and is
greatest with cardiac stab wounds.>**'®12%3 For those present-
ing without SOL, there seems to be a time signature that predicts
futility. A 2011 multicenter study demonstrated survivors of
blunt traumatic arrest with up to 9 minutes of cardiopulmonary
resuscitation (CPR) and after penetrating trauma with up to
15 minutes of CPR.* However, the only survivors in the ex-
tremes of these times had evidence of pericardial tamponade.
Others have not been able to show survival in blunt trauma when
SOL are absent, and the Eastern Association for the Surgery of
Trauma guidelines have conditionally recommended not per-
forming ERT for blunt trauma patients without SOL.*'%!! Fur-
ther study is needed to discern whether the defined time limits in
penetrating and blunt traumatic injury accurately predicts re-
sponse to ERT.

Asystole and pulseless cardiac electrical activity (PEA)
are the most common rhythms associated with traumatic cardiac
arrest and are associated with a poor prognosis.zé#z(’ Tradition-
ally, SOL have included the presence of CEA.**? While SOL
are associated with a survival advantage in traumatic cardiac ar-
rest (11.5% vs. 2.6%), studies have not established whether all
signs are equally associated with survival.***2%2?’ Many patients
with posttraumatic PEA are hypovolemic due to hemorrha%e
and have low cardiac output rather than cardiac arrest.*>*¢
How best to identify patients with PEA or asystole that would
benefit from ERT is debatable. In several series, the absence of
organized nonfibrillating cardiac contractions on Focused As-
sessment Using Sonography for Trauma (FAST), even in the
presence of CEA, was associated with nonsurvival. In one study,
it had a 100% negative predictive value for the identification of
survivors and organ donors.?®?* Cardiac ultrasound can also de-
tect the presence of cardiac tamponade, which is associated with
survivors of traumatic cardiac arrest even in the presence of
asystole.*'""'?27 Many consider wide complex bradycardic
electrical activity to be agonal and a sign of nonsalvageabiltg;
however, this distinction has not been made in most studies. >822
Little is known about survival with a bradycardic rhythm when
minimal cardiac contractions are identified on ultrasound. Ade-
quate cardiac windows are difficult to obtain in all patients, with
roughly 4% having an indeterminate finding. Cardiac FAST may
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also be difficult to interpret in patients with asystole and pericar-
dial fluid indicative of tamponade may not be recognized.?’

When SOL other than CEA are present, a rapid evaluation
of response to resuscitation and assessment of mechanism/
injury pattern as indicated in section C should occur. In the ab-
sence of SOL, blunt trauma patients presenting with greater than
10 minutes and penetrating truncal trauma patients presenting
with greater than 15 minutes of prehospital CPR should have re-
suscitation terminated and be pronounced dead. Those present-
ing within the described time parameters are considered for
ERT. FAST should search for the presence of organized cardiac
wall motion or tamponade in patients without SOL and when
CEA is the only SOL. Patients with organized wall motion
should be rapidly assessed for response to initial resuscitation
and mechanism/injury pattern with treatment selection as indi-
cated in section C. Patients with tamponade and asystole should
undergo ERT. If cardiac windows are difficult to interpret, con-
sideration for ERT should be made carefully based on mecha-
nism of injury, duration of CPR, and presence of CEA. Patients
with absent cardiac wall motion and without tamponade on ad-
equate FAST evaluation should have resuscitation terminated
and be pronounced dead.

C: Assessment of Mechanism and Injury Pattern

Patients who fail to respond to rapid initial resuscitation
and adjunctive maneuvers and have continued profound shock,
SOL, or cardiac wall motion on FAST should be assessed based
on their mechanism and pattern of injury to identify those who
may benefit from ERT. Injury mechanism and the most affected
body region (particularly for severe head trauma) may signifi-
cantly impact the likelihood of ROSC, survival to discharge,
and neurologically intact survival and help inform the decision
to proceed with ERT, continue medical resuscitation only, or ter-
minate resuscitation efforts.

D: Penetrating/Blunt Thoracic Injury

Compared with those with extrathoracic injury, survival is
improved in patients with penetrating thoracic trauma. Survival
as high as 35% for those presenting with shock and isolated car-
diac wounds and 15% for all victims of penetrating thoracic
trauma has been described.”>'***3! The survival for those pre-
senting with penetrating thoracic trauma and SOL varies from
15% to 23% compared with 2% to 8.3% when SOL are absent.*!'°
These data support the rationale for rapid aggressive ERT in pa-
tients presenting with penetrating thoracic trauma who meet
criteria. Blunt trauma patients who undergo ERT have signifi-
cantly worsened survival rates ranging from 0% to 0.7% when
SOL are absent to 4.6% when SOL are present.®'® Resuscitative
endovascular balloon occlusion of the aorta (REBOA) has
emerged as an alternative for achieving descending thoracic
AO in extrathoracic blunt trauma, and the rationale for its use as
an alternative to ERT is discussed in section E. However, those
with major thoracic injury may benefit from direct thoracic explo-
ration and hemorrhage control in addition to AO and open cardiac
compressions (OCCs), while those with extrathoracic injury are
only likely to benefit from the AO and the open compression
portions of ERT.

Patients meeting the criteria for ERT who present with
penetrating thoracic trauma, penetrating truncal trauma with a
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trajectory concerning for thoracic injury, or obvious blunt tho-
racic injury should undergo ERT without delay, as they are more
likely to have injuries that will benefit from direct control and
management through thoracic exploration in addition to OCC
and descending thoracic AO.

E: Penetrating or Blunt Abdominal/Pelvic Injury

The management of patients with penetrating or blunt ab-
dominal or pelvic trauma as a cause of traumatic cardiac arrest
and profound shock remains an area of controversy. Patients
with extrathoracic noncompressible torso hemorrhage have wors-
ened survival compared with those with penetrating thoracic
injury.*>*!% Although penetrating extrathoracic injury fairs bet-
ter than blunt, appropriately selected patients from both categories
have a survival benefit with ERT. The rationale for ERT in these
patients is to provide thoracic AO to control infradiaphragmatic
hemorrhage and improve cerebral and coronary perfusion while
allowing the performance of OCC. However, patients with these
injury patterns are unlikely to benefit from the other direct thera-
peutic thoracic maneuvers that thoracotomy allow.

Open cardiac compression seem to be superior to CCC to
salvage patients with traumatic and medical cardiac arrest.** An-
imal models and older human studies have demonstrated superi-
ority of OCC based on measured physiologic variables.'®**3°
More recently, several studies evaluating end-tidal carbon diox-
ide in traumatic cardiac arrest have demonstrated improved
levels with CCC as compared with OCC, as well as improved
ROSC with closed compressions when both methods of com-
pressions were combined with AO.***7 Several other studies
have reached differing conclusions, and it remains undetermined
whether OCC is superior to CCC.***° Closed cardiac compres-
sion and OCC may be equivalent when there are alternative
methods of AO and no other indications for thoracic exploration.

Balloon occlusion of the aorta for abdominal hemorrhage
via the common femoral artery was described in the 1980s, and
it has become an integral tool to improve outcomes in ruptured
aortic aneurysm.“M Modern applications, miniaturization,
and improvement in the technology of REBOA have been devel-
oped, and it has emerged as an alternative to ERT in injured pa-
tients to control infradiaphragmatic hemorrhage and improve
cerebral and coronary perfusion.***° Multiple studies have
demonstrated similar outcomes comparing REBOA with ERT
in select patient populations.**>° Although REBOA would have
the highest utility for abdominal, pelvic, and junctional hemor-
rhage, current data suggest equivalency in select patients with
penetrating and blunt chest injuries, and this warrants further
evaluation.*” In contrast to these studies, a nationwide analysis
of Trauma Quality Improvement Program (TQIP) data and a re-
cent randomized trial of REBOA versus usual care have demon-
strated increased complications, worsened mortality, and pro-
longed time to hemorrhage control with REBOA, calling into
question the utility of the procedure.’ 152 1t js likely that profi-
ciency in the procedure related to institutional volume and time
to AO impacts the outcomes in REBOA. Resuscitative endovas-
cular balloon occlusion of the aorta (7—8 minutes) is associated
with longer duration to successful AO compared with ERT
(4-5.2 minutes), although it is unknown whether the few mi-
nutes of delay impact outcomes.’>** In one study, the overall
time to AO was not associated with mortality but may have been

© 2024 Wolters Kluwer Health, Inc. All rights reserved.

impacted by prolonged pre-hospital times.>® The time limiting
step in REBOA is gaining common femoral access, and once
obtained, time to AO is more rapid than with ERT.> For those
who present with profound shock, earlier femoral arterial access
is associated with shorter times to AO by REBOA and improved
mortality and has been advocated as part of the primary survey
in combat casualty care.>*>° It seems that TQIP is not the ideal
source of data to determine REBOA outcomes because of a lack
of clinical and hemodynamic granularity.

Patients with penetrating or blunt abdominal/pelvic trauma
who present with profound shock or traumatic cardiac arrest
should be considered for early femoral arterial access in centers
that practice REBOA. A rapid cardiac FAST examination should
be performed, and those who have evidence of tamponade should
undergo ERT. If tamponade is absent and the injury pattern is not
concerning for concomitant thoracic trajectory or blunt aortic
injury, REBOA may be considered as an alternative to ERTwhere
training and local expertise exist. For patients selected for
REBOA, early transition to ERT should be considered if rapid
femoral access is difficult to obtain. Patients who achieve ROSC
afier Zone 1 AO by REBOA should be rapidly transported to a site
where definitive hemorrhage control and injury specific manage-
ment can occur without delays for diagnostic testing. Where
REBOA is unavailable, injury pattern suggests benefit, or when
preferred by the surgeon, the patient should undergo ERT. Those
who achieve adequate AO and fail to achieve a perfusing orga-
nized cardiac rhythm with a systolic blood pressure of >70 mm Hg
should have resuscitation terminated and be pronounced dead.

F: Penetrating or Blunt Head/Neck/
Extremity Injury

Patients with isolated penetrating or severe blunt head in-
jury as a cause of profound shock or traumatic cardiac arrest
have a high mortality and usually a poor neurologic outcome.
Some have advocated for selective use of ERT or REBOA in
these patients because of the Sgotential for family visitation or sal-
vage for organ donation.’’” A multicenter retrospective study
of patients sustaining a gunshot wound to the brain and CPR
found a survival to discharge rate of 2.1% with an organ dona-
tion rate of 10% among nonsurvivors, but the utilization of
ERT in this population was not reported.®® Given the potential
resource, ethical, and health care worker exposure issues, this re-
mains an area of controversy and represents a gap in existing
knowledge that will benefit from further research.

Patients who present with isolated penetrating neck or
penetrating/blunt extremity injury should undergo continued re-
suscitation and external hemorrhage control. There are examples
of patients with traumatic cardiac arrest after penetrating neck
and extremity trauma who survive after ERT, and prior recom-
mendations have been to limit its use to those with CPR less than
5 minutes.*>*°! It is unclear whether OCC and thoracic AO of-
fer benefit beyond external hemorrhage control, rapid volume
restoration, and CCC in most patients. Aortic occlusion also
has the potential to worsen hemorrhage in g)enetrating neck
and upper extremity trauma after ROSC 367362

Patients with isolated penetrating or severe blunt head in-
Jury or penetrating or blunt injury to the neck or extremities who
fail to respond to resuscitation and hemorrhage control should
have resuscitation terminated and be pronounced dead.
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TABLE 1. Identified Knowledge and Research Gaps in Adult ERT

Algorithm

Subject/Knowledge Deficit Section

1. Identification of criteria for profound shock that portends cardiopulmonary arrest and would benefit from thoracic AO A

2. Determination of whether closed cardiac compressions are able to improve physiologic parameters and ROSC in hypovolemic traumatic cardiac A
arrest prior to volume resuscitation and ERT or AO

3. Comparison of individual “signs of life” and their ability to predict successful response to ERT B

4. Identification of whether wide complex bradycardic rhythm <60 with organized cardiac contractions identified on ultrasound would benefit from B
ERT/AO and continued resuscitation

5. Determination of whether defined time limits in penetrating and blunt traumatic injury accurately predict response to ERT or AO B

6. Determination of whether OCCs have improved ability to achieve ROSC compared with closed cardiac compressions in injury-specific patterns C
that would not otherwise benefit from direct thoracic exploration.

7. Identification of the role of ERT or AO in patients with penetrating or presumed severe blunt brain injury and cardiac arrest to improve survival or E
conversion to organ donation

8. Identification of subgroups of penetrating or blunt extremity and penetrating neck injury that may benefit from ERT or AO versus medical E
resuscitation and external hemorrhage control

9. Delineation of role of REBOA in adult trauma patients in injury-specific patterns D,E,F

10. Utility and ethics of performing ERT/AO in patient with severe head trauma or without SOL to facilitate potential organ donation B,C,D,E, F

Selective use of ERT or REBOA may be considered when the in-
Jury pattern suggests the potential for concomitant intracavitary
or junctional noncompressible hemorrhage or to facilitate fam-
ily visitation or salvage for organ donation at the discretion of
the treating surgeon.4’5 However, performing ERT outside of
the currently accepted criteria for these reasons raises ethical,
medical, and medicolegal questions. In the absence of any clear
national guidelines or consensus on this topic, we suggest that
each individual center develop a local policy for handling these
cases based on group discussion and consensus.

PROCEDURE GUIDE

A procedure guide for performance of ERT in the adult
patient is included in Figure 2. It is organized in a sequential,
stepwise, logical approach to the procedures and order of prior-
ities based on the authors' group consensus. Many steps will be
performed simultaneously, and individual wounding characteris-
tics, patient physiology, and response to interventions may lead
to appropriate variance in the sequence of events. The corre-
sponding annotated text describing the steps of the procedure
can be found in the available Supplemental Digital Content —
ERT Procedure Guide — Annotated Text and References (Sup-
plemental Digital Content, Supplementary Data 1, http://links.
Iww.com/TA/E32).

AREAS OF CONTROVERSY AND EXISTING
KNOWLEDGE/RESEARCH GAPS

It important to note that there are many areas of this algo-
rithm that lack high-quality evidentiary support and where fur-
ther research is required. A list of these areas in need of further
research and data generation is provided in Table 1. Even in
the areas where we have numerous existing studies and analyses,
any conclusions are limited by the overall low quality of existing
evidence. Thus, many aspects of this algorithm are based on
lower-quality evidence and/or expert opinion and should be
thought of as a framework for management but not an absolute
dictum for the treatment of any individual patient. Finally, the
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exact pathways in this algorithm may not be applicable to all set-
tings or centers and, in these cases, should serve as a starting
foundation for development of a local algorithm and guideline
that is suited to that location and group of trauma surgeons.

SUMMARY AND CONCLUSION

The management of adult trauma patients with profound
shock and cardiopulmonary arrest requires rapid nuanced deci-
sion making, resuscitation, and procedural intervention includ-
ing consideration for ERT and AO. The algorithm described in
this work represents a rational approach to the selection of pa-
tients who would most likely benefit from ERT based on current
evidence and expert opinion. Updates from the prior algorithm
include the consideration of CEA separately than other SOL
and the use of cardiac ultrasound to determine candidacy for
ERT in cases where only CEA is present, the introduction of
REBOA as a potential alternative to ERT for those with
extrathoracic injury, and the removal of a time consideration and
deemphasis of ERT for penetrating neck and extremity injury.

Emergency resuscitative thoracotomy should be consid-
ered in those with profound shock who fail to respond to resus-
citation, those in arrest with SOL other than electrical cardiac
activity, for patients with CEA as the only SOL if organized car-
diac activity is seen on ultrasound, and in those without SOL
presenting within described time parameters with cardiac activ-
ity on ultrasound or asystole in the presence of tamponade.
Alternative methods of AO and cardiac compressions may be
considered in select patients unlikely to benefit from direct tho-
racic exploration and hemorrhage control.
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