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Abstract: This review explores the concept of futility timeouts and the use of traumatic brain injury
(TBI) as an independent predictor of the futility of resuscitation efforts in severely bleeding trauma
patients. The national blood supply shortage has been exacerbated by the lingering influence of
the COVID-19 pandemic on the number of blood donors available, as well as by the adoption of
balanced hemostatic resuscitation protocols (such as the increasing use of 1:1:1 packed red blood cells,
plasma, and platelets) with and without early whole blood resuscitation. This has underscored the
urgent need for reliable predictors of futile resuscitation (FR). As a result, clinical, radiologic, and
laboratory bedside markers have emerged which can accurately predict FR in patients with severe
trauma-induced hemorrhage, such as the Suspension of Transfusion and Other Procedures (STOP)
criteria. However, the STOP criteria do not include markers for TBI severity or transfusion cut points
despite these patients requiring large quantities of blood components in the STOP criteria validation
cohort. Yet, guidelines for neuroprognosticating patients with TBI can require up to 72 h, which
makes them less useful in the minutes and hours following initial presentation. We examine the
impact of TBI on bleeding trauma patients, with a focus on those with coagulopathies associated
with TBI. This review categorizes TBI into isolated TBI (iTBI), hemorrhagic isolated TBI (hiTBI), and
polytraumatic TBI (ptTBI). Through an analysis of bedside parameters (such as the proposed STOP
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criteria), coagulation assays, markers for TBI severity, and transfusion cut points as markers of futilty,
we suggest amendments to current guidelines and the development of more precise algorithms that
incorporate prognostic indicators of severe TBI as an independent parameter for the early prediction
of FR so as to optimize blood product allocation.

Keywords: traumatic brain injury; futility; resuscitation; massive transfusion; hemorrhage; shock;
trauma; emergency

1. Introduction: The Importance of Defining Futility in the Current Blood
Product Shortage

Recent shortages of blood products have caused traumatologists to search for reliable
predictors of futile resuscitation (FR) in patients with hemorrhagic shock who do not
respond to the initial attempts to provide adequate hemostatic resuscitation. The disruption
in the delivery and production of blood products caused by the COVID-19 pandemic, as
well as the reduction in the number of young people volunteering for blood transfusion,
has caused a significant shortage of blood components available for trauma resuscitation.
Combined with this is the recent adoption of the 1:1:1 ratio of packed red blood cells
(PRBC) to plasma to platelets (PLT) and the increasing use of whole blood hemostatic
resuscitation for these patients which can intermittently drain blood banks of much of their
blood supply during peak blood component use, even at large trauma centers [1-7]. The
concept of reducing blood product wastage is important in settings of clinical futility to
minimize blood product waste for patients with poor prognoses. This situation has forced
traumatologists and their blood-banking colleagues to confront the ethical ambiguities
inherent in these difficult decisions with specific algorithms that define futility [2,6]. An
example is an algorithm which includes the patient’s Sequential Organ Failure Assessment
(SOFA) score, the need for ongoing transfusion support, and the likelihood of hemorrhagic
arrest [2]. This algorithm is triggered at periodic intervals during the administration of
blood products in patients with severe hemorrhage where there is a concern for the futility
of continued treatment. This periodic assessment is a precursor to the recent proposition of
futility timeouts (FTOs)/transfusion timeouts (TTOs) during the administration of massive
transfusion (MT) to severely bleeding trauma patients [2,6-8].

As a result, there has been a significant attempt to define specific clinical laboratory
and radiologic parameters that will assist in defining FR. Among those clinical parameters
are transfusion cut points per hour (and over a specific period), which will help the
traumatologist identify patients for whom FR can be defined. However, this is not without
controversy—in many studies that attempt to define temporal cut points, a large percentage
of the patients have associated traumatic brain injury (TBI), negatively influencing outcomes
in this group (patients with combined TBI and extracranial injury) and confounding causes
of death. Therefore, it would be useful to review the literature regarding the definition
of futility in patients with severe TBI with and without extracranial trauma and trauma-
induced coagulopathy (TIC), and the relation of the severity of TBI to the accuracy of
established clinical laboratory and radiologic parameters, as well as blood transfusion
cut points, in order to define futility in greater detail in the early stages of those patients’
care [1-4,7,9-13]. Approximately half of the patients involved in the studies leading
to “futility cut points” also had TBI [7], and, therefore, those cut points could lead to
erroneously early declarations of futility for patients suffering only non-cranial penetrative
and/or polytrauma and erroneously late declarations of futility for patients suffering from
combined massive TBI and non-cranial bleeding. The deconvolution of these effects is
a logical and ethical challenge. By leveraging historical insights from futility based on
TBI-only scenarios and superimposing those learnings on the evolving criteria for FR—such
as the Suspension of Transfusions and Other Procedures (STOP) criteria—one can develop
a roadmap based on clinical decision tools that can inform individual clinical situations
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for severely injured patients with combined TBI and non-cranial bleeding while allowing
TBI-dominated bleeding without significant non-cranial injury to retain its 72 h window
due to the mercurial nature of brain injury and recovery [7,14-18]. However, the adherence
to various protocols (discussed below) and the reliance on specific parameters are quite
variable [14,15,17,19,20]. In addition to a “call to arms” (i.e., more research to deconvolute
these effects), this document is a suggestion as to “which arms to call” (i.e., when to
leverage TBI learnings to assist traumatologists when making inevitable gestalt-based
decisions in combined TBI and non-cranial bleeding) in order to make the best possible
decision when faced with the ethical trade-off imposed by limited transfusion resources
and the desire to know inevitable mortality before declaring futility. The declaration of
futility should not be a single event during the course of resuscitation, but the periodic
analysis of reliable bedside parameters with FTOs/TTOs would possibly allow for a more
judicious use of blood products with patients not likely to survive resuscitation due to
severe traumatic-induced hemorrhage [2,5-8,21].

2. The Attempt to Define Parameters which Predict Futility in Patients with Polytrauma
and TBI: Refining the STOP Algorithm

The STOP criteria have defined a combination of parameters that a possess 100%
positive predictive value (PPV) and a 100% specificity for predicting death in severely
bleeding patients who require MT, which is crucial for avoiding false positives when
assessing futility. These parameters, proposed to be collected at periodic FTOs/TTOs
during the first four hours of trauma resuscitation in severely bleeding trauma patients,
include severe hypotension, threshold lactate, traumatic cardiac arrest with a return of
spontaneous circulation (ROSC), the Glasgow Coma Scale (GCS), and lysis at 30 min (LY30)
on thromboelastography (TEG) in varying combinations and thresholds, such that the
strict adherence to this protocol will hopefully prevent the misclassification of an otherwise
moribund patient [2,6-8]. The proposed STOP criteria are reproduced in Table 1.

Table 1. Proposed STOP criteria. Data from Van Gent et al. [7] Adapted with permission from Ref. [7].
2023, Van Gent.

Variable PPV, % NPV, % Sn, % Sp, %
Arrival SBP < 50 and LY30 > 30% 100 78 33 100
Arrival SBP < 50 and lactate > 15 100 77 31 100
Arrival SBP < 70, LY30 > 30%, and lactate > 15 100 77 30 100
ROSC and LY30 > 30% 100 78 33 100
ROSC and lactate > 12 100 76 29 100
ROSC and field GCS 3 100 77 27 100

Abbreviations: GCS, Glasgow Coma Scale; LY30, lysis at 30 min; NPV, negative predictive value; ROSC, return of
spontaneous circulation; PPV, positive predictive value; SBP, systolic blood pressure; Sn, sensitivity; Sp, specificity.

A major concern arises in declaring the cessation of traumatic resuscitation too prema-
turely based on arrival hypotension, elevated lactic acid, and increased LY30 in patients
who would otherwise survive. Hypotension can be particularly confounded due to the
lack of correlation between manual and monitored blood pressures which are often not
reliable in patients with operative illnesses, particularly with the elderly [22,23]. The STOP
criteria use field and arrival blood pressures as parameters for futility [7]. Automated
blood pressure monitoring in the prehospital environment is quite common [24]. However,
there is no mention as to whether this is a manual or an automated blood pressure reading
which further confounds the use of hypotension as a marker of futility in their study [7].
There have been recent attempts which have been described to define specific transfusion
cut points per hour which can reliably predict futility in patients receiving MT for severe
trauma-induced hemorrhage. However, there has been a significant discrepancy noted
regarding transfusion cut points as independent markers for futility which do not consider
other parameters such as those from the STOP criteria [1,4,7]. For this reason, the STOP
criteria do not include transfusion cut points or resuscitation intensity [7]. It is, therefore,
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useful to propose that the PPV and specificity of the STOP criteria could be validated
more thoroughly if independent markers for the severity of TBI were included alongside
transfusion cut points since, as the authors of the STOP criteria study noted, it is the TBI
population that consumes the most blood products in their study [7]. This observation
could explain the discrepancy in studies that have failed to determine transfusion cut points
as independent markers of futility [1-8]. It is possible that those patients who had ptTBI
or very severe hiTBI consumed far more products with fewer markers of hypoperfusion,
just as in the STOP criteria study. Conversely, trauma patients without TBI would be much
more likely to survive the proposed cut points of blood pressure, lactic acid, and LY30
compared to patients with TBL

Other studies that have attempted to analyze transfusion thresholds or cut points to
assist in delineating those least likely to survive MT, as well as other attempts to define
futility in patients with hemorrhagic shock, have also not separated and accounted for
the influence of severe TBI as a cause of death. This is an important fact because, despite
more than three decades’ analyses of transfusion cut points as predictors of futility in
severely bleeding trauma patients, it is only recently that highly predictive and specific
parameters have been proposed to define early FR in patients with hemorrhagic shock [1-7].
In many of these studies, the cause of death may not have been hemorrhage but, instead,
TBI. Therefore, it is difficult to discern the predictors of early death in these studies since
a large percentage of the patients had an associated TBI, and the bedside parameters of
the severity of TBI other than the GCS were not used to predict early mortality in these
studies [1,3,4,8,25-42]. The failure of most of these transfusion cut point studies to separate
TBI deaths from non-TBI deaths presents an opportunity to review the literature regarding
the ability of bedside predictors of futility in patients with TBI to enhance the accuracy of
the recent analysis of transfusion cut points for bleeding trauma patients with or without
TBI[1,3,4,8,25-42].

The historical precedence for this confounding influence of TBI on mortality can be
seen even in the Pragmatic, Randomized Optimal Platelet, and Plasma Ratios (PROPPR)
trial, where a 1:1:1 fixed ratio of PRBC, plasma, and PLT was associated with reduced
death due to hemorrhage at 24 h (secondary outcome) and greater hemostatic control at
two hours (secondary outcome). However, this study did not show a primary endpoint
improvement in overall all-cause mortality at 24 h [43]. One of the concerns with this
landmark study, which justified the 1:1:1 ratio-driven resuscitation for MT, is that the
significance of TBI-associated death was not considered. Likewise, the significance of TBI
is not considered in the STOP trial or in any of the most recent papers concerning the
definition of FR for patients receiving MT for catastrophic hemorrhagic shock associated
with trauma [43-45]. Interestingly, the STOP criteria were based on the patient population
of the PROPPR trial. Therefore, the confounding factor of death by TBI in a study that was
devoted to evaluating the effect of 1:1:1 on hemorrhaging patients has carried over into a
study that produced parameters that predict futility in severely hemorrhaging patients due
to trauma. These severely bleeding TBI patients will have TIC as measured by laboratory
and viscoelastic parameters [9-11]. Even the authors of the PROPPR trial were aware of
the confounding influence of TBI on mortality. They stated that this will continue to be
an issue in future trauma studies unless novel regulatory study design or technological
solutions are developed [43].

In the STOP criteria study, the effect of TBI was noted as a marker of patients who
would consume large amounts of blood products without commensurate signs of global
shock [7]. We refer to these patients as exhibiting coagulopathy of traumatic brain injury
(CTBI), which is heterogeneously defined in the literature [9-11]. Specifically, in the STOP
criteria validation cohort, CTBI patients had hyperfibrinolysis marked by increased LY30
and significant metabolic derangements, and had a much higher mortality than the com-
parison cohort who did not have these abnormalities. It was noted that CTBI patients that
presented with a TEG LY30 > 70% and hypofibrinogenemia were more likely to consume
blood products and had a severe head injury with a head Abbreviated Injury Scale (AIS)
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score > 3. It was also noted that, although these patients had relatively low lactic acid
(<12 mmol/L) and, therefore, less hypoperfusion, the presence of CTBI resulted in a greater
use of blood products. This would give impetus to the STOP criteria to include markers of
the severity of TBI in an attempt to further refine the definition of futility in patients with
combined TBI and severe extracranial trauma causing hemorrhagic shock. The severe TBI
patients who had less severe shock than the comparator group demonstrated the classic
findings of CTBI including early platelet dysfunction, hypofibrinogenemia, and the con-
sumption of coagulation factors (which is a result of the uncoupling of the cardiovascular
and autonomic nervous systems), as well as endothelial dysfunction and maladaptive
hyperfibrinolysis [7,9-11]. The authors of the STOP criteria study saw the TBI population
as a fertile source of reduction in blood product use during FR, stating:

“The authors feel that this is the population in which we can expeditiously apply our
findings to and provide an opportunity for resource stewardship. Locally, these patients
have been described by several of our faculty as ones we are able to rescue on the macro
level (with ROSC and often making it the OR), but fail to capture them on the micro level
(with endothelial, coagulation, and electrophysiological uncoupling).” [7]

This review will focus on the same group of TBI patients that the authors of the STOP
criteria identified, in whom futility could be defined earlier because of the concomitant
presence of CTBL

For the purposes of this review, we have delineated severe TBI into three categories.
First, there is isolated TBI (iTBI). This is TBI with no extracranial traumatic injury and no
concomitant coagulopathy and, thus, does not require blood products for resuscitation. The
second type is hemorrhagic isolated TBI (hiTBI). This is TBI with no extracranial traumatic
injury but with concomitant CTBI and necessitates MT. Finally, there is polytraumatic
TBI (ptTBI). This is TBI with an extracranial traumatic injury and concomitant hemor-
rhagic shock and also requires MT. These polytraumatic injuries can be caused either by a
penetrating or blunt injury to the brain and to the extracranial structures simultaneously.
This classification of iTBI, hiTBI, and ptTBI could possibly assist clinicians in the future to
predict FR more reliably in this large group of patients who consume significant quantities
of blood components during resuscitation. It is necessary to delineate these three types of
severe TBI because of the historical lack of reliable bedside predictors of futility in these
populations [14,15,17,37,46-53].

3. Historical Definitions of Severe TBI in Relation to Transfusion Cut Points and Early
Declaration of Futility

Before iTBI, hiTBI, and ptTBI can be separately defined, a review of the convo-
luted history of defining the severity of TBI based on the traditional mild, moderate,
and severe parameters that have formed the staple of many definitions of TBI must be
considered [14-17,19,20,25,51,54-56]. The definition of the grades of severity for TBI re-
mains an object of controversy since the prognosis of iTBI varies from institution to insti-
tution, and the predictors of excellent recovery have not been confirmed in the literature,
unlike prognostic indicators of futility for patients with a burn injury where prognostic
indicators have evolved since the early 1960s [57]. Standard definitions of the severity
of TBI have been focused on parameters such as age, pupillary reactivity, GCS without
sedation, the presence of shock, traumatic cardiac arrest with ROSC, hypotension, and
hypothermia [25,51,54,55]. Emblematic of the difficulty in arriving at a definition of futility
is the adherence to a 72 h waiting guideline prior to determining futility and the use of
variable parameters that are heterogeneous and institution-dependent [14-17,19,20,56].

There is considerable variability in individual aspects for the complex classification of
the severity of TBI that have been based on nonspecific and non-standardized decision rules
and classifications. These definitions and predictors of severity, mortality, and long-term
disability have not yielded reproducible results. The use of computerized axial tomography
(CT) scanning has allowed for a more dynamic definition of severity and prediction of
mortality. TBI has been historically defined as mild, moderate, and severe based on the
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GCS, whereby mild has a GCS of 13-15, moderate has a GCS of 9-12, and severe has a GCS
of 3-8 [14-17,51].

The prognosis is a function of the primary injury, which is grouped into contusions of
the brain, epidural hematoma, subdural hematoma, intraparenchymal hemorrhage, intra-
ventricular hemorrhage, subarachnoid hemorrhage, and diffuse axonal injury. Secondary
injury consists of those changes subsequent to the initial insult and is characterized by
system hypotension, hypoxia, hematoma expansion, and increased intracranial pressure
(ICP). Clinical and radiologic indicators of severity include cerebral edema with or without
a midline shift and brain herniation, which is divided into uncal, central transtentorial,
cerebral tonsillar, falcine, and upward posterior fossa/cerebellar herniation. Each of these
categories of herniation is associated with classical pupillary, motor, and pathologic reflexes,
which allow for an early clinical identification, which can then be confirmed early in the
stages of resuscitation with imaging [58-62].

Because of the lack of consistent parameters for predicting futility, new approaches
toward the prediction of futility can be based on a multimodal, quantifiable platform. This
includes imaging and biomarkers for futility, which would allow for the development of
so-called risk labels, which are more predictive and specific than those markers of severity
based solely on GCS [51,63,64].

Currently, many tools for assessing the severity of TBI are based on the GCS. However,
the GCS is not a reliable measure of severity since it can be assessed at various times after
the injury with different outcomes. Additionally, sedation and intubation during transport
further obfuscate the interpretation of the GCS [65,66]. Furthermore, in the TBI patient with
severe extracranial hemorrhage and shock, a depressed GCS can confound the estimation
of TBI severity due to the fact that brain dysfunction may reflect the shock state resulting in
brain hypoperfusion rather than severe TBI (i.e., a low head AIS score with low GCS) [67].

Other more reliable predictors of death following iTBI, such as the Corticosteroid Ran-
domization after Significant Head Injury (CRASH) model and the International Mission for
Prognosis and Clinical Trials in Traumatic Brain Injury (IMPACT) calculator, rely on variables
such as age, secondary injuries, comorbidities, and brain imaging findings [46,50,51,53,68].
The seminal CRASH model and IMPACT calculator are designed to predict mortality at 14
days and 6 months, respectively; yet, they remain the foundation upon which subsequent
predictors of severity and mortality are based [69]. The combination of different predictors
with different time frames for defining mortality has allowed for the development of assess-
ment tools that may provide an improved prediction for patients with severe TBL. Guidelines
that include more information have been proposed, although there has been difficulty in
delineating between moderate and severe TBI in predicting prognosis [68]. The heterogeneity
of scores has resulted in an environment where the prediction of mortality in patients with iTBI
leaves the traumatologist in a situation where competing algorithms default to the standard
72 h waiting period for neuroprognostication with a low level of adherence to guidelines for
withdrawing care [14-17,46,50,53,56,70].

The 72 h limit before the declaration of death is subject to individual interpretation;
studies have shown that patients can achieve independence after the 72 h period. It is
for this reason that the declaration of futility should be considered for those patients who
have such severe traumatic brain injury associated with an extracranial injury with known
predictors of futility that have both a specificity and PPV of 100%. Due to the heterogeneity
of the pathophysiology of TBI, whether penetrating or blunt, it can be difficult in patients
without an extracranial injury to declare futility, even after 72 h, because of the occasional
improvement in those patients with severe isolated TBI. However, it is reasonable, ethical,
and safe to propose that patients with severe TBI associated with an extracranial injury
who are in severe hemorrhagic shock due to bleeding and TIC are unlikely to survive
72 h. In addition, even though patients with an isolated blunt or penetrating TBI present
with different pathophysiologies, the presence of other markers of futility, such as severe
coagulopathy, advanced age, BFDP, and shock, further indicate that these patients will
not survive.
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However, there is considerable variance in the application of decision-making tools
in withdrawal of care (WOC) decisions in the situation of what is called catastrophic
brain injury or devastating brain injury (DBI). The variance is so great that it has been
recommended that “neuroprognostication be based on individualized assessment of risk
factors rather than on clinical scoring tools” [15,58,61]. However, given the potential for
neurologic recovery, it has been noted that physicians and families engaging in shared
decision-making often resort to dramatic lifesaving interventions with the realization that
some of these patients will recover to a state of so-called “undesired life”. The adherence
to these 72 h waiting time guidelines prior to declaring futility suggests that it is critical
to assess for other comorbidities and pathologic processes that may mask an eventual
prognosis. For patients with associated polytrauma and hemorrhagic shock, clearly, these
additional pathologic markers enhance the predictability of death. [14,15]. It is of interest
that, in the IMPACT trial, patients with certain death were described to have a GCS of
3 with fixed and dilated pupils [46,47,52,63]. Yet, even these two criteria have been found
not to have a 100% PPV and specificity in order to effectively define futility [47,58].

The parameter of age is considered particularly significant in the foundation studies
that define the severity of TBI, although the effect of the increasing severity of frailty on the
outcomes is more important and can be added to the list of predictors of mortality for the
geriatric trauma patient, such as the Geriatric Trauma Outcome Score (GTOS) and the Brain
Injury Guidelines (BIG), which require the calculation of a post-admission Injury Severity
Score (ISS) [71-81]. In the most recent studies to identify predictors of FR in patients with
TBI, the accurate scoring of a “frailty index” in trauma patients can prevent unnecessary
interventions in those with a high risk of dying while not withholding intervention in those
who may find it beneficial [79,80]. However, the frailty index requires the calculation of
parameters that cannot be calculated at the bedside within the first few hours of arrival;
therefore, there is an impetus to find triage tools for patients with TBI that can predict early
mortality [32,74,76,79,82-88].

For patients with severe extracranial injuries with hemorrhagic shock who require
MT and for whom there have been recent algorithms to predict futility, such as the STOP
criteria, it would seem logical and useful to incorporate bedside markers for the severity
of TBI as independent predictors of FR. Few studies (such as the STOP criteria study)
have proposed cut points to define futility in patients who have received MT for hem-
orrhagic shock and have evaluated various clinical parameters with and without TBI
separately [1,7,14,15,17,37,46-53]. Even the STOP criteria include the GCS as its lone pre-
dictor of brain injury, and GCS used alone has been shown to be an insensitive and
unreliable predictor of mortality in patients with TBI [7,51,65,66,69,89-91].

The goal would be to enhance pre-existing algorithms such as the STOP criteria so
that futility could be more accurately predicted by adding the bedside parameters of the
severity of TBI as independent risk factors with the addition of transfusion cut points per
hour added to the parameters in those patients with ptTBI who are undergoing MT for
hemorrhagic shock.

4. Defining iTBI, hiTBI, and ptTBI in Relation to Early Declaration of Futility

Table 2 and Figure 1 define the three categories of patients with TBI with their pe-
riods of observation before determining futility based on the literature and relation to
coagulopathy [92,93].

For this discussion, emphasis will be placed on those patients with iTBI, hiTBI, and
ptTBI who are candidates for the early cessation of FR. Patients in the hiTBI and ptTBI
groups will have coagulopathy as measured by common coagulation tests and/or vis-
coelastic testing [9,11]. Currently, patients with hiTBI and iTBI traditionally have required
long periods (up to 72 h) of evaluation before determining futility and, therefore, will not
be candidates for the early determination of futility [14-17]. However, patients with hiTBI
often die before the 72 h period, yet consume large amounts of blood products [3,7,93],
and, as mentioned, we aim to leverage these findings to improve the declaration of futility
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in massive hemorrhaging. Guidelines for the WOC of patients with hiTBI are based on
those for patients with iTBI without hemorrhage who are expected to survive 24 h. There is,
however, a concession that patients with hiTBI with severe coagulopathy will survive less
than 72 h [15,61,93]. Yet, since many of these patients will die before they can become organ
donors, it would be beneficial to apply the standards of futility from the STOP criteria
and add them to the nascent literature, which describes an early death in patients with
severe iTBI, coagulopathy, and hypotension due to uncontrolled hemorrhage [1,4,7,58,61].
This uncontrolled hemorrhage with hiTBI, by definition, will not only occur within the
brain but also in gastrointestinal, musculoskeletal, visceral, retroperitoneal, intrathoracic,
and genitourinary areas affected by the overwhelming consumptive coagulopathy often
associated with severe TBI [3,9,11,93].

Table 2. Abbreviations of TBI and common recommendation for period of observation before
declaration of futility for patients receiving massive and ultramassive transfusion.

Hemorrhage Abbreviated Abbreviated Common Futility Common Futility
TBI Type and Coagulopathy Head Injury Extracranial Wait Time Wait Times
Score Injury Score Recommendations in Clinical Practice
iTBI No >3 <3 72h 72h
hiTBI Yes >3 <3 Variable <72h*
ptTBI Yes >3 >3 Variable 2-6 h **

* Traditionally 72 h for iTBI and variable for hiTBI, since severely coagulopathic patients with hiTBI may have a
consumptive coagulopathy which precludes waiting 72 h in order to declare futility. ** Transfusion cut points per
hour which define futility are determined during FTOs within the first 2-6 h [1-11,14-17,92-94]. Abbreviations:
hiTBI, hemorrhagic isolated traumatic brain injury; iTBI, isolated traumatic brain injury; ptTBI, polytraumatic
traumatic brain injury; TBL, traumatic brain injury.

TBI Severity and Need for Blood Products
iTBI hiTBI ptTBI

Low_er Higher
Severity Severity

Figure 1. Types of severe traumatic brain injury arranged in ascending severity and blood product
need from left to right. iTBI is TBI with no extracranial traumatic injury and no concomitant
coagulopathy and, thus, does not require blood products for resuscitation. hiTBI is TBI with no
extracranial traumatic injury but with concomitant CTBI and necessitates MT. ptTBI is TBI with
extracranial traumatic injury and concomitant hemorrhagic shock and also requires MT. These
polytraumatic injuries can be caused either by penetrating or blunt injury to the brain and to the
extracranial structures simultaneously. Created using BioRender.com. hiTBI, hemorrhagic isolated
traumatic brain injury; iTBI, isolated traumatic brain injury; ptTBI, polytraumatic traumatic brain
injury; TBI, traumatic brain injury.
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The definition of iTBI is quite heterogeneous in the literature, but the most commonly
accepted definitions are determined by an AIS head score > 3 and an AIS extracranial
score < 3. This defines a head injury in the absence of any other significant injury that would
contribute to a coagulation disorder. The development of coagulopathy will predispose
the patient with iTBI to require blood component therapy (BCT), and these patients have a
worse prognosis [9,11,93].

It is important to note that the criteria for the AIS head score > 3 is not universal [9-11].
Such heterogeneity has resulted in difficulty in determining the severity of TBL. Another ap-
proach is to define the severity of TBI based on the severity of coagulopathy associated with
TBI, which has been shown to predict mortality. However, this definition of coagulopathy
is not universal. For the purposes of this review, the most commonly used definition of iTBI
is those patients with an AIS head score > 3 and an AIS extracranial score < 3 [9-11,92].

In this group of patients with iTBI and AIS head scores > 3 and AIS extracranial
scores < 3 who are severely bleeding, they also may have acidosis and hypotension in the
absence of polytrauma, which, therefore, contributes to the poor prognosis. We refer to
these patients in our paper as those with hiTBI. These patients have a worse prognosis than
those with iTBI without hemorrhage because of the presence of severe coagulopathy. Yet,
these hiTBI patients are often resuscitated with blood components to treat the coagulopathy
in the hope that they will survive long enough to become organ donors [58,61,93,95]. CTBI
is often associated with disseminated intravascular coagulation (DIC). TBI patients with
DIC have a much worse prognosis than those without DIC [3,9,11,93]. Specifically, the
literature has recently described the increased mortality of patients with hiTBI, which can
be attributed to the unique pathophysiologic characteristic of the release of tissue factor
into the general circulation and its effect on systemic hemostasis [3,9,11,91,92]. The unique
distinction between the coagulopathy caused by TBI and the coagulopathy caused by
extracranial injury is a matter of ongoing research and controversy [12,13,93].

Patients with iTBI without hemorrhage or coagulopathy form one end of the spectrum
of TBI patients who do not consume blood products, and they traditionally must wait
72 h before the declaration of futility, although this has been shown to be a standard that
is inconsistently followed [14-17]. At the other end of the spectrum (i.e., ptTBI), those
patients who require large quantities of blood components are those who form the bulk
of the patient population and receive MT for hemorrhagic shock and for whom bedside
algorithms for futility would be designed. In between these two poles of TBI severity are
those patients with hiTBI who, because of a severe underlying coagulopathy related to their
isolated head injury, will not survive for long periods and for whom the early declaration
of futility will also need to be defined.

5. General Definition of Futility in TBI

Before comments can be made about a separate category of severe TBI for patients with
ptTBI, a discussion regarding previous historical parameters and the timing of the definition
of futility in patients with iTBI is important since the parameters and the timing of WOC
in patients with ptTBI depend on this previous history for declaring futility in patients
with iTBIL. As mentioned above, the universally accepted standard for the period during
which patients with iTBI need to be monitored for futility is 72 h prior to declaring brain
death [14-18]. For example, a patient with severe TBI with fixed and dilated pupils, a GCS
of 3, and tonsillar herniation accompanying severe extracranial injury with hemorrhagic
shock will have a much worse prognosis than one without extracranial injury. However, the
iTBI patient without an extracranial injury may have to wait 72 h before futility is declared.
The ptTBI patient with an extracranial injury and hemorrhagic shock requiring MT may not
survive the 72 h traditionally required for patients with iTBI prior to the consideration of a
declaration of futility. However, the severity of TBI in the severely bleeding ptTBI patient
adds an increased appreciation of futility during continued resuscitation, and, therefore, the
addition of separate parameters or markers of futility of TBI in that polytrauma setting may
assist in any identification of futility. [1-8,96-98]. An intervention is considered medically
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futile when it is unlikely to result in the meaningful survival for the patient [96]. The
purpose of withdrawing life-sustaining treatment when care is futile is two-fold. First,
continuing aggressive treatment for these patients can prolong suffering and cause more
harm than good. According to the Society of Critical Care Medicine Ethics Committee,
intensive treatment is inappropriate when there is no realistic expectation that the patient
will survive or that the patient’s neurological functionality will return to a level high
enough to allow for the perception of the benefits of the interventions [97,98].

Second, FR can result in the wastage of important resources that could be better
allocated [1-8,98]. In the setting of TBI, certain resources may be limited, such as blood
products, medicine, electroencephalogram machines, hospital beds, and provider time
spent at the bedside [98]. However, withholding resources without evidence of futility
remains controversial. Neurocritical care patients possess prognostic uncertainty, creating
difficulty in transfusion-related futility decisions [98]. Approaches to transfusion limitation
in the oncological, non-transplant, and non-survivable trauma populations have been
reported. A similar concern for the wastage of blood components for patients in the
neurocritical care unit with hiTBI remains an area in need of further research [93,98].

The literature regarding the determination of futility in patients with hemorrhagic
shock with and without TBI predicts early mortality within 1 h, 6 h, and 24 h, and late
mortality at 28 or more days [1-8,78,80-82,99]. Markers for death in patients with TBI that
attempt to predict early death within 6 h or 24 h would be useful parameters to evaluate
for the analysis of the patients with TBI and hemorrhagic shock. For the purposes of this
discussion, where an attempt is made to delineate parameters in patients with TBI who
will die, it is best to look at early markers in the literature and to divide the analysis of the
timing of predicting FR into the prehospital, ED, and post-ED periods.

5.1. Defining Futility in iTBI

To date, there is variation in the literature regarding the ability to predict early death
in patients with TBI. Recently, there has been an attempt to apply a quantitative algorithm
to withdrawing care for patients with TBI. Whenever this decision is made, the risks
and benefits of delaying prognostication regarding futility vary between institutions and
patients, and recent research hopes to improve the accuracy of prediction tools which will
reduce the risk of inaccurate prognostication [100].

The current literature mostly relies on studies that have attempted to define FR in
TBI patients after admission to the hospital. These studies use the endpoints of death
and/or disability at discharge rather than early death [32,74,76,79,80,82-88]. However, few
studies evaluate parameters that anticipate FR in the prehospital and ED settings where
resuscitation efforts may be terminated [32,54,55,83,85,101-104]. An often-cited reason
for this reluctance is the desire to avoid a self-fulfilling prophecy (SFP), which has been
cited as a negative aspect of the early declaration of FR in TBI [56]. In addition, it is still
unknown if there are reliable parameters that allow for the accurate prediction of FR in TBI
patients in prehospital and ED settings. There are, however, parameters and guidelines for
severely hemorrhaging patients that allow for early WOC without TBI, which are the STOP
criteria [7,56].

There are specific markers that can be used to define futility based on their ability to
predict death at discharge and after. Specifically, markers such as age, mechanism, ISS,
cardiac arrest, blood pressure, pupillary reactivity, GCS, length of stay in the ICU, the
presence of penetrating injury, pre-existing morbidities, loss of gray-white matter on CT
scan, brainstem hemorrhage, presence or absence of cerebral hemorrhage, fever, herniation,
and prior use of anticoagulation have all been used in an attempt to define mortality at
discharge within the first six months [58,60,69,77-81,105]. These studies offer a baseline
from which to establish parameters that can be used to define mortality in the early hours
of resuscitation in the prehospital, ED, surgical, and ICU treatment phases.

Given that there is literature that attempts to identify specific parameters in patients
with iTBI who will survive discharge, there is some literature that has identified potential
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parameters for defining early WOC. Specifically, the timing of WOC in patients with severe
TBI that have alterations in brainstem reflexes has been noted to be variable, and there
has been a concern for a methodological type of SFP in using these brainstem reflexes as
a marker for the declaration of early futility in this group of patients [106,107]. Neuro-
logic function, divided into spontaneous activity, responsive activity, and communicative
activity, has been used to define early mortality [100]. In addition, structural markers
such as skull fractures, facial fractures, epidural hematomas, subarachnoid hemorrhage,
cerebral contusion, and cerebral edema with and without a midline shift and/or cerebral
herniation have all been shown to offer a certain degree of accuracy in defining early death
in adults [58-61,100].

TBI is an important comorbidity, whether isolated or associated with hemorrhagic
shock. Predicting futility is difficult for patients with TBI in the ED. An example of this
difficulty in predicting certain death is that, even with an associated traumatic cardiac
arrest after TBI, survival has been demonstrated among patients who recovered with good
neurologic function [81]. However, the presence of coagulopathy in a patient with TBI who
is consuming blood products is a very simple and clear-cut indication of a poor prognosis.
Therefore, a discussion regarding a specific definition of FR in patients with hiTBI who are
in hemorrhagic shock is a useful category for independently identifying early declarations
of futility so as to conserve blood products while not denying these patients the opportunity
to survive.

5.2. Defining Futility in hiTBI

Patients with iTBI traditionally require 72 h before a declaration of futility. Patients
with hiTBI may also require 72 h in order to determine futility, although many will not
survive this due to advancing coagulopathy [69,93]. Both iTBI and hiTBI patients are often
sources of organ donation, and, therefore, the use of BCT with continued resuscitation
is considered appropriate [17,19,20,58,61]. However, patients with hiTBI will often have
severe coagulopathy, and, to continue providing blood components for 72 h, a clear under-
standing of the pathophysiologic contribution of TBI to the underlying CTBI is important
not only for resuscitation but also for the declaration of futility [93]. A significant quantity
of blood components will be used in this group of patients, as seen in the STOP validation
cohort [7], and this can be anticipated in those situations where the patients are not able to
live long enough to provide an organ donation.

For example, an evaluation of the odds ratio of CTBI and mortality with the parame-
ters of age, large volume of venous fluids, GCS < 8, ISS > 16, AIS score = 5, subarachnoid
hemorrhage on CT, cerebral edema on CT, midline shift on CT, abnormal pupils, hypoten-
sion, anemia, hyperglycemia, base deficit > 6 mmol/L, and shock index (SI) > 1 has been
shown to affect the outcome in patients with TBI and also affect the likelihood that they will
have coagulopathy [9,11,58,61]. The realization of the effect of these types of parameters on
the presence of coagulopathy and the prognosis may assist the traumatologist in guiding
the goal-directed BCT in these patients with hiTBI. Information regarding clinical factors
that contribute to poor prognosis and mortality can assist the traumatologist in attempting
to prolong the lives of donor transplant candidates and providing futility guidance for
patients who have hiTBL

It is difficult to separate patients with iTBI and hiTBI based on clinical and laboratory
markers of coagulopathy since there are many different criteria for what constitutes coagu-
lopathy in a patient with TBI [9,11]. However, a patient with severe TBI in the absence of
extracranial trauma who is bleeding from every orifice and intravenous site because of DIC
clearly has a worse prognosis than a patient with iTBI with no hemorrhage [3,9,93].

Therefore, for the patient with hiTBI, the duration of life could be measured in hours
because of continued bleeding due to DIC, and these patients may be candidates for the
early cessation of resuscitation should they require significant quantities of BCT in the first
2-6 h. There is little literature concerning this group of patients, a group that is not an
insignificant percentage of patients who require MT in a busy metropolitan hospital [98].
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5.3. Timing of Prediction of Futility in iTBI and hiTBI: Prehospital, ER, OR, and ICU

The early determination of futility occurs in three settings: prehospital, ED, and
OR/ICU. Our purpose is to define reliable parameters for detecting FR in TBI patients in
these three settings with or without hemorrhage. A recent study using a machine-learning
protocol that relied on a GCS of 34, fixed pupils, and age concluded that it is difficult to
use prehospital markers to define FR for TBI [106]. Confirming the difficulty in predicting
certain death in patients with TBI, either in the prehospital or ED environment, is the fact
that even the most recent guidelines from neurocritical care societies have stated that WOC
for patients with TBI must wait 72 h after admission [14,15,17,52,69,107-109].

5.4. Defining Futility in ptTBI

As mentioned before, the STOP algorithm allows for the termination of resuscitation
for patients with shock caused by traumatic hemorrhage with or without TBI. There has
been no distinction in this study regarding the negative impact of TBI on this group of
patients since patients who participated in the STOP criteria study were not stratified
separately for severity at the bedside based on whether they presented with TBI or not
other than by the GCS [7]. However, when using various BCT per hour cut points for
determining FR, there has been controversy regarding the arbitrary selection of a number
of units per hour to determine futility [1-7].

This recent controversy in the literature regarding the definition of parameters that
allow for the ethical- and evidence-based termination of resuscitation of bleeding trauma
patients with or without TBI supports the need to review the acceptable parameters for
the withdrawal of resuscitation in hemorrhage due to ptTBL The presence of TBI as a
specific additional marker for patients who have an associated extracranial penetrating or
blunt trauma may further refine the parameters and hourly transfusion cut points to define
futility and allow for the early cessation of resuscitation when indicated [1-8].

5.5. Timing of Prediction of Futility in ptTBI: Prehospital, ER, OR, and ICU

Since bedside prediction tools for futility for severely bleeding ptTBI patients are in
their earliest states, the prediction of FR during the withdrawal of resuscitation efforts is
now being considered more by traumatologists caring for patients with traumatic hem-
orrhage due to the existence of these nascent predictors of early death and because of
the looming shortage of the blood supply [1-7,14,15]. As noted above, the timing for the
prediction of death for patients with TBI has traditionally been extended to 72 h. However,
because of the recent push for early definitions of futility in order to prevent blood product
wastage, resuscitation periods have been measured for those patients with severe ptTBI in
the range of 2-6 h. These bedside prediction tools, which now allow for the early definition
of futility within that 2-6 h period, have evolved from older parameters that were not able
to be collected within the first hours of hospitalization [1-8,94]. A review of the history
of the development of these bedside prediction tools must consider the foundation of
these prediction tools and the evolution from this foundation upon which these bedside
prediction tools are based.

6. The Evolution of Bedside Futility Markers for Hemorrhaging Patients with TBI
and Trauma

6.1. From Clinical Gestalt to Metric-Assisted Gestalt: Addressing Equitable Distribution of Scarce
Blood Products during MT

The STOP criteria were derived and validated from the PROPPR trial which estab-
lished the criteria for predicting MT in trauma patients [7,43]. These criteria for predicting
MT evolved from the variable thresholds for initiating MT, which were often a function of
a so-called “clinical gestalt”. Clinical gestalt is the theory that clinicians actively organize
clinical perceptions into coherent wholes based on previous exposure and experience which
allows for better pattern recognition, particularly in times where decisions have to be made
quickly [110-112]. In the hectic moments of resuscitation of the dying trauma patient, the
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decision to terminate resuscitation is often formed from the gestalt based on the clinical
judgments of the physician’s past experiences, which are unique and subject to bias. How-
ever, it has been noted that the gestalt-driven decision for the determination of MT did not
truly predict with accuracy the instances where MT would be needed [1,2,4-8,33,113-116].
This inaccuracy in gestalt-driven decisions regarding FR has driven the search for bed-
side, clinical, and laboratory parameters that will predict certain death in bleeding trauma
patients with a 100% PPV and specificity [1,3,4,7,31,117-119].

In an effort to address the equitable distribution of scarce blood products to severely
bleeding patients, traumatologists often face an ethical decision based on clinical observa-
tions and experience when making a judgment call in a time-sensitive environment during
the administration of large quantities of blood products when efforts may appear futile,
potentially limiting therapeutic resources for other patients [110,115,120]. These decisions
to terminate resuscitation could be facilitated by the use of evidence-based studies demon-
strating reliable markers for defining FR for exsanguinating trauma patients. However,
the literature has not yet provided enough guidance, but there is nascent evidence that
certain parameters and transfusion cut points may allow for a “metric-assisted” gestalt
decision-making process for defining FR for the severely bleeding trauma patient. The
most appropriate method of applying metric-assisted gestalt decision-making would be
through the use of serial FTOs/TTOs during the early stages of resuscitation [1-8,115].

6.2. Non-Bedside Predictors of Late Mortality for TBI Patients

Guidelines such as the ISS, AIS, and Acute Physiology and Chronic Health Evaluation
(APACHE) scoring systems are commonly employed to predict the prognosis for trauma pa-
tients in prehospital, ED, trauma centers, operating rooms, hospitalization, post-discharge,
and intensive care unit (ICU) settings [79,80,121,122]. However, these are not bedside tests.

Few studies that prognosticate mortality at or after discharge rely on bedside markers [122].
Future research needs to explore the various parameters for determining FR in all types of TBI
and analyze the pathophysiologic contribution of TBI to what we would think would be a
significant bedside marker to enhance the accuracy of algorithms for FR.

As we have seen, the definitions of TBI and severe TBI have a history that is based on
the GCS, pupillary reactivity, and the presence of an extracranial injury as described by the
CRASH and IMPACT scores [46,53]. Subsequent attempts to identify patients who will die
of TBI have led to algorithms that define mortality well after the 24 h mark and are based
not only on the CRASH and IMPACT criteria but also on algorithms such as the ISS which
cannot be calculated in the first hours of resuscitation for hemorrhagic shock. Since age has
been shown to be a fairly reliable marker for early mortality, many studies have recently
attempted to further quantify the effect of age and associated comorbidities in order to
predict death after discharge. Examples of these scores are the GTOS, BIG score, frailty
score, and GERtality score [71-79,81,82,84,86,99,123]. However, these above-mentioned
protocols, which predict futility well after admission, may form the foundation for the
development of bedside predictors.

6.3. Prehospital and Early Bedside Predictors of Early Mortality in Patients with TBI

While there have been recent advances in predicting 24 h and post-discharge mortality
among patients with TBI, there have been nascent attempts to define mortality in the
prehospital and early hospital periods for patients with TBIL. For example, the Japanese
Association for Acute Medicine (JAAM) Focused Outcomes Research in Emergency Care
in Acute respiratory distress syndrome, Sepsis, and Trauma (FORECAST) study group
has demonstrated that iTBI and high JAAM DIC scores in patients immediately after
arrival to the hospital were highly predictive of in-hospital mortality [93]. An example of
a bedside calculable algorithm for geriatric trauma is the Elderly Mortality After Trauma
(EMAT) score, which is calculated upon admission to describe the probability of in-hospital
mortality [32]. Such prehospital algorithms for elderly patients with TBI could assist in
properly triaging these patients to palliative care more quickly as the prediction models
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become more robust with further study. The EMAT calculator can be considered an
incipient tool to be used in the future in an attempt to provide machine-learning clinical
scores that could assist in the prediction of futility in the prehospital and early environments
in resuscitating moribund TBI patients [32]. Additional tools include the Pre-hospital Injury
Mortality score [72,102], Supergeriatric score [77], Shock Index (SI) [85], prehospital ABC
score [83], and the Commands, Age, Pulse rate, Systolic blood pressure, and O, saturation
(CAPSO) model [101,106].

With this foundation of recent publications that have attempted the early definition of
mortality and that have been based on clinical studies that have been able to confirm the
reliability of predictors of mortality for TBI patients at discharge, the trauma community
now has a foundation with which to propose bedside markers for patients with TBI and
hemorrhagic shock, which may refine the ability of the STOP criteria to identify FR in these
ptTBI patients.

7. Proposal to Combine STOP Criteria with the Most Recently Accepted Guidelines for
Early WOC of TBI: Adding Palliative Timeout to FTO/TTO

The STOP criteria have used markers of shock, such as the degree of fibrinolysis and
serum lactate, to predict FR in trauma patients [7]. At selected periods during resuscitation,
the use of FTOs has been proposed [3,7,8,119].

The markers for the STOP criteria were derived from the same markers used to initiate
MT in the PROPPR trial. It has been shown that markers that predict the need for MT
underestimate those patients who actually require MT in the setting of acute hemorrhagic
shock due to trauma and are inaccurate [113-116]. However, the accuracy of these markers
to predict FR must be 100% since withholding more transfusions for an anticipated FR
will result in certain patient death. Hence, the threshold for determining FR requires a
much higher degree of precision and accuracy. The goal of the STOP criteria study was to
produce markers with a 100% PPV so that these markers would only identify those patients
who truly would die regardless of the continued administration of blood products during
resuscitation. The STOP criteria also required a 100% specificity so that no patients who
would survive with continued hemorrhagic resuscitation would be falsely considered a
candidate for WOC. These two strict statistical benchmarks, as clearly delineated in the
STOP criteria, also need to be met for determining FR in TBI patients. A future analysis of
the effect of severe TBI on massively bleeding trauma patients should focus on the further
refinement of the criteria for FR [1,4,7,115,119,124].

The authors of the STOP criteria study have noted that nearly half of their patient
population had TBI; yet, there is no distinction for those terminally bleeding trauma patients
who also had an associated TBI. The study found that a GCS of 3 was a predictor of futility
in adult trauma patients [7]. However, for patients in severe hemorrhagic shock without
TBI, a GCS of 3 is also a marker of FR, and, therefore, the GCS as a marker of futility for
TBI patients is confounded by this factor. We propose the combination of the STOP criteria
with commonly cited markers of mortality for patients with TBIL. The expansion of the
STOP criteria to include independent TBI criteria for mortality would refine the accuracy of
determining FR in hiTBI and ptTBI patients.

An example of novel methods that could be added to the markers for hiTBI and ptTBI
is the “Double Diamond of Death” thromboelastography (DDD-TEG) or equivalent tracings
in other viscoelastic tests that demonstrate extreme hyperfibrinolysis and certain death in
trauma patients receiving MT [117-119].

ICP and cerebral perfusion pressure (CPP) have not been shown to be clinically useful
tools to guide the treatment of individual TBI patients. However, these parameters are
recognized as valid predictors of mortality. There is a clear association between the time
spent above specific ICP and CPP thresholds and long-term prognosis [21,69]. Prediction
models in TBI, which are usually static, rely on admission parameters and have a wide
range of accuracy in predicting mortality [50,125]. However, a machine-learning tool that
uses data based on ICP, mean arterial pressure (MAP), and CPP called the ICP-MAP-CPP
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Algorithm measures dynamic alterations of these three parameters over time and has been
shown to predict mortality within 120 h of admission [21]. While the accuracy of this
algorithm depends on the dynamic approach of analyzing multiple features derived from
ICP, CPP, and MAP data over time, this study validates the utility of these three parameters
in predicting FR in TBI patients. Thus, ICP and CPP may be candidates for inclusion in the
STOP criteria for hiTBI and ptTBL

Likewise, a new trauma score optimized for prehospital patients with TBI called the
NTS-TBI was pioneered and has shown promise in predicting mortality and disability in
the prehospital setting using motor GCS, hypotension, and hypoxia instead of the GCS, SBP,
and respiratory rate of the revised trauma score (RTS) [126,127]. The discriminative power
of this NTS-TBI score was significantly higher than that of the RTS, which includes some
variables that are not easily obtainable in the field. This takes advantage of the fact that the
NTS-TBI parameters can be acquired by paramedics in the field prior to any intervention.
A similar prehospital tool for predicting mortality in the prehospital environment called
the Early Warning Score (EWS) has led to the development of the National Early Warning
Score tool (NEWS) which can help EMS personnel differentiate TBI patients with a high risk
of deterioration and conserve another parameter to assist in the prediction of FR in patients
with ptTBI [128]. Conceivably, a similar dynamic analysis within the first 6 h would allow
for a more accurate definition of FR in TBI patients.

Another method that may be added is portable automated infrared pupillometry
(PAIP), which allows for the automated and highly reproducible evaluation of both pupil-
lary size and reactivity. PAIP represents an advancement in the ability to predict certain
death in patients with severe TBI who are also in hemorrhagic shock (i.e., ptTBI) and,
therefore, are candidates for declaring FR [129]. The addition of the PAIP to the arsenal of
neuroprognostication could be considered in the same light as the addition of the DDD-TEG
and the dynamic ICP-MAP-CPP measurements within the early hours of trauma resuscita-
tion, whereby, when combined with other early markers of futility in TBI, it could enhance
the accuracy of determining futility in patients with ptTBI and hiTBI [7,21,118,119,129].
Machine-learning protocols are being developed in order to assist traumatologists in the
more accurate triage of patients in the early periods of trauma resuscitation [21,130]. The
recent attempts to predict mortality through the prehospital and early assessment of the
severity of injured elderly trauma patients could form the foundation for machine-learning
protocols [32,72,83,101-103,126,128,130]. Future studies considering novel biomarkers
when added to standard predictors of mortality have been proposed and offer the hope
that a more granular and reproducible set of parameters will be developed in the future
which will allow for the prehospital and early ED/OR/ICU determination of futility for
TBI patients [131,132]. Table 1 contains the proposed STOP criteria, which have a 100%
specificity and PPV for determining futility [7]. There are also neurocritical care guide-
lines as well as prehospital and hospital bedside parameters which have been described
above that have demonstrated the ability to predict early mortality in patients with severe
TBI with varying accuracy. In the future, these parameters will, hopefully, allow for the
independent estimation of futility when added to the validated criteria (such as the STOP
criteria) for futility in severely bleeding trauma patients who require MT.

Although the STOP criteria have demonstrated a 100% PPV and specificity as pre-
dictors of early death, the literature is lacking when it comes to the employment of serial
FTOs/TTOs, or, similarly, a palliative timeout (PTO), as it concerns futility in the resusci-
tation of trauma patients receiving MT. [1,4,7]. However, in the literature concerning FR
for patients with TBI, ethical considerations regarding the WOC are the standard, albeit
with a significant variation in the application of varying protocols for declaring futility
in patients with TBI [14,18]. Therefore, in addition to the FTOs/TTOs proposed by those
who would limit resuscitation efforts based on clinical scores and transfusion cut points,
a consideration of a PTO could be implemented during the FTOs/TTOs. An example of
such a process has been proposed for patients with penetrating DBI [15,61]. In addition,
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this protocol addresses the allocation of scarce resources and allows for the incorporation
of end-of-life care guidelines that respect the patients and their families [61].
Early Guiding Care Principles for Brain Injury, adapted from Zakrison et al. [61]:

1.  Limit early and potentially premature neuroprognostication prior to hemodynamic
stabilization;

2. Optimize individual patient outcomes;

Engage in a reasonable allocation of scarce resources;

4. Incorporate patient-respecting, end-of-life practices including organ donation as part
of the continuum of compassionate care to patient and family

@

In summary, the authors of the STOP criteria study noted that patients with TBI
who had fewer markers for hypoperfusion, but a greater consumption of blood products
were a group where these criteria would be most effective in reducing blood product
consumption. The presence of coagulopathy, which is more frequently associated with
patients with ptTBI, has been noted by the authors of the STOP criteria study as a significant
risk factor for mortality, for which the authors used the term “coagulopathy equals death”.
MT during the resuscitation of patients at risk for FR is a manifestation of TIC which is
exacerbated by the coagulopathy associated with TBI. The STOP criteria do not consider
this important predictor of CTBI and death by combining patients with and without TBI
in their study and validation groups. The authors of the STOP criteria study have great
faith in their parameters to predict certain death. However, initial blood pressure readings
in the prehospital location and emergency department and the decision of which of a
number of variable blood pressure readings, either manual or automatic, should be used
when making this important decision are an example of how blood pressure is a capricious
clinical parameter in the setting of acute trauma [22-24]. Therefore, it would be useful
to have more reproducible and concrete parameters of certain death in severely bleeding
trauma patients upon which to base the important decision to withdraw care. The GCS
combined with BFDP as a marker for the severity of TBI is a very straightforward and
reliable predictor of death, although there are outliers in the patients with iTBI that have
rendered this a problematic final parameter upon which to base death within 72 h [58,61].
However, if a field GCS of 3 with BFDP is combined with transfusion cut points designed
to describe heroic or futile resuscitation by previous authors, these criteria of the severity
of TBI and of the coagulopathy of trauma associated with such massive quantities of blood
would allow for a more refined and physiologic prognostic tool than those of the STOP
criteria which must rely on blood pressure readings that are not always reproducible at
low readings and on TEG LY30s that may not be available at all trauma centers [4,133].
In the STOP criteria study, there was no evaluation of transfusion cut points as potential
markers for futility during the FTOs. Future studies could compare the STOP criteria alone
with the STOP criteria plus markers for the severity of TBI and coagulopathy [7]. Future
studies could be done to separate ptTBI from extracranial polytrauma. In these studies, one
could hypothesize that the thresholds for withdrawing care as determined by the STOP
criteria would be lower if the severity of TBI and the number of transfusion cut points were
considered independent markers of futility to be added to the STOP criteria. For example,
such a study could evaluate patients with a GCS between 3 and 8 when combined with
transfusion cut points deemed heroic or at 16 units per four hours or futile at 36 units per
four hours. The presence of BFDP would be an important addition as well. The addition of
independent markers of very severe TBI and transfusion cut points could be used as part
of a STOP criteria checklist to be adapted to the FTOs/TTOs (Figure 2). This hypothetical
triage tool for assisting during FTOs/TTOs considers only the most extreme TBI with a
GCS between 3 and 8, and BFDP, as well as the most severely bleeding patients with a cut
point of 36 units PRBC in the first four hours. These criteria serve as a foundation from
which to propose a graded scale whereby a GCS between 3 and 8 could be combined as
well with the other markers from the STOP criteria study. In addition, markers such as
age (as noted above) and DDD-TEG would also enhance the accuracy of such a proposed
algorithm [1,3,4,7,58,61,119].
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Figure 2. hiTBI and ptTBI patients undergoing massive transfusion for hemorrhagic shock. Potential

markers during FTOs and TTOs for further research [1,3,4,7,58,119]. Adapted with permission from
Ref. [7]. 2023, Van Gent (GCS and BFDP without paralysis or sedation).

8. Ethical Implications of Defining Early TBI in the Presence of Shock

To date, there is little consensus regarding the widely accepted algorithms and guide-
lines that can predict FR with a high PPV and specificity for patients with TBI. Recently,
however, there has been an increased recognition that the utilization of healthcare resources
needs to be better focused on providing lifesaving care to those patients most likely to bene-
fit [32,79,80]. In addition, significant inequities and disparities regarding the termination of
FR in TBI have been noted. Race, location, and ability to pay are all correlated with WOC
decisions, along with clinical parameters such as decreased GCS, increased age, and under-
lying conditions [18]. Not only is there a disparity in applying FR to patients with TBI based
on the aforementioned factors, but there are also widespread inconsistencies in determining
WOC in adults and pediatric patients with TBI. As a result, there has been an increase in
attention paid to the inconsistency between the production of reliable parameters for FR in
TBI, even in those settings where the prognosis is often bleak [14,15,17,32,58,61,134,135].

Low- to middle-income countries (LMICs) have confronted the problem of futility
in patients with TBI with extensive epidemiologic analyses of their clinical, laboratory,
and radiologic parameters that predict mortality [136,137]. In LMICs, the increase in TBI
due to motor vehicle crashes and falls of the elderly is a consequence of a phenomenon
called the ‘epidemiological transition” whereby surgical-related illnesses, such as multiple
trauma, overtakes infectious disease as the leading cause of death [138-140]. Therefore,
the demand for medical services for these new trauma-related illnesses results in the
increased utilization of and strain on healthcare resources [141]. This increased volume
of surgical burden from noncommunicable diseases and trauma-related injuries has been
correlated with increased life expectancy and the demographic changes that are a result of
the increase in medical facilities, education, and enhanced mobility associated with growing
socioeconomic development in the LMICs. The irony of this epidemiologic phenomenon of
increased trauma related to improvements in medical and socioeconomic conditions has led
many traumatologists to attempt to improve outcomes through prevention strategies and
increased investment in high-level medical and surgical care. Yet, in the United States, a
similar increase in the incidence of TBI due to falls and motor vehicle crashes has been noted,
and, for those patients with trauma-induced hemorrhagic shock with TBI, the realization of
a finite blood supply has caused the trauma community to search for reliable parameters to
define futility [32,79,80]. Likewise, in the LMIC environment, there are similar attempts to
identify FR more clearly in TBI so as to conserve scarce healthcare resources.
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Similar to the literature in the United States regarding the definition of FR using
transfusion cut points, the literature from LMICs regarding the definition of futility for
patients who have suffered multiple trauma does not distinguish between those patients
with TBI and those without TBI. This, therefore, bears a great similarity to the United
States literature where the percentage of patients with severe injury due to multiple trauma
associated with motor vehicle crashes also has a high incidence of TBI. Of interest is that,
in high-income countries, there has been a recent proposal to limit blood products in
the neurocritical care unit where futility is deemed likely for the same reasons that, in
LMICs, early declarations of futility can likewise spare scarce resources so that others may
benefit [83,98,123,136,142,143].

As was seen above, the declaration of futility in patients with iTBI in the absence of
coagulopathy and polytrauma requires long periods of observation after admission into
the critical care unit. Therefore, expanding on the previous discussion regarding the ethics
of futility in patients with iTBI, we address the ethics of early WOC in the prehospital, ED,
OR, and critical care units within 2-6 h for patients with severe TBL

The ethical implications of denying patients care when there is a chance for survival
have been a source of historical interest [90,107,144,145]. There are ethical implications
in resuscitating a patient to a vegetative or nonoptimal state [144]. However, it has been
noted that certain populations, such as the elderly, can be categorized as terminally ill,
resulting in the so-called concept of SFP noted in the literature, which, when applied to
TBI, occurs before 72 h [90,107,109]. The literature on the significance of SFP in trauma and
non-traumatic deaths such as massive stroke and intracerebral hemorrhage can provide
guidance so that the traumatologist may hopefully avoid the ethical fallacy of SFP in decid-
ing FR for TBI patients. Further complicating the ethical discussion regarding the definition
of FR for bleeding trauma patients is the significant variation in end-of-life care among
trauma centers and the aforementioned low level of adherence to neurocritical guidelines
for the definition of brain death, as well as the significant variation from institution to
institution regarding the declaration of brain death for TBI patients [14,18-20,69,98].

There is a specific ethical consideration regarding the consumption of blood products:
blood is considered to be living tissue, just like solid organs. Solid organ donation requires
extensive eligibility criteria and an organized wait list for the purpose of rationing this
scarce resource. In situations in which blood products are scarce, is it ethical to also use
rationing strategies for the allocation of blood products [98]?

9. Conclusions

The recent use of whole blood and a 1:1:1 RBC, plasma, and PLT fixed ratio for
severely bleeding trauma patients has placed significant strain on the blood supply [1-8,98].
In response, traumatologists have sought to define clinical, laboratory, and radiologic
parameters that can accurately define those patients with severe traumatic hemorrhage
who will not benefit from continued resuscitation in order to conserve blood component
storage by blood banks. In addition, recent trends following the COVID-19 pandemic,
with a reduction in donation sites because of remote employment, have also resulted in a
clinical shortage of blood supply in the United States. In order to meet the rising demand
for blood products for severely bleeding trauma patients while conserving existing blood
storage, traumatologists have published guidelines such as the STOP criteria which have
demonstrated a 100% specificity and 100% PPV for defining certain death among patients
with severe traumatic hemorrhage. Nearly half of these patients in the STOP criteria study
and other papers that have sought to define highly predictive parameters of certain death in
the severely bleeding trauma population have confounding TBI. Yet, there was no attempt
to add TBI markers of early mortality to the STOP criteria for patients who have associated
TBL Recent literature suggests the establishment of FTOs/TTOs during the hectic moments
of hemostatic resuscitation for severely bleeding trauma patients [2-4,6-8]. The addition of
independent markers that predict with a high degree of PPV and specificity a likely death
in TBI patients would increase the accuracy of guidelines such as the STOP criteria and
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further reduce blood product wastage during resuscitation for severely bleeding trauma
patients while preserving the highest possible level of predictive accuracy that is required
when deciding to terminate resuscitation.
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ACP American College of Physicians

AIS Abbreviated Injury Scale

APACHE Acute Physiology and Chronic Health Evaluation
BCT Blood component therapy

BIG Brain injury guideline

CCT Common coagulation testing

ciTBI Clinically important traumatic brain injury

CPP Cerebral perfusion pressure

CRASH Corticosteroid Randomization after Significant Head Injury
CT Computerized axial tomography

CTBI Coagulopathy of traumatic brain injury

DAI Diffuse axonal injury

DBI Devastating brain injury

DDD-TEG  Double diamond of death thromboelastography
DIC Disseminated intravascular coagulation

EMAT Elderly Mortality After Trauma

ETCO;, End-tidal CO,

FFP Fresh frozen plasma

FR Futile resuscitation

FTO Futility timeout

GCS Glasgow Coma Scale

GTOS Geriatric Trauma Outcome Score

HIC Higher-income country

hiTBI Hemorrhagic isolated traumatic brain injury
ICP Intracranial pressure

IMPACT International Mission for Prognosis and Clinical Trials in Traumatic Brain Injury
ISS Injury Severity Score

iTBI Isolated traumatic brain injury

LMIC Low to middle-income country

LY30 Lysis at 30 min

MAP Mean arterial pressure

MT Massive transfusion
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PAIP Portable automated infrared pupillometry
PLT Platelets
PPV Positive predictive value
PRBC Packed red blood cells
PTO Palliative timeout
ptTBI Polytraumatic traumatic brain injury
ROSC Return of spontaneous circulation
SAH Subarachnoid hemorrhage
SFP Self-fulfilling prophecy
SOFA Sequential Organ Failure Assessment
STOP Suspension of Transfusions and Other Procedures
TBI Traumatic brain injury
TEG Thromboelastography
TF Tissue factor
TIC Trauma-induced coagulopathy
TRACULA  Tracts Constrained by Underlying Anatomy
VET Viscoelastic testing
WOC Withdrawal of care
References
1.  Clements, TW.; Van Gent, ].M.; Lubkin, D.E.; Wandling, M.W.; Meyer, D.E.; Moore, L.J.; Cotton, B.A. The Reports of my Death are

10.

11.

12.

13.

14.

15.

Greatly Exaggerated: An Evaluation of Futility Cut-Points in Massive Transfusion. J. Trauma Acute Care Surg. 2023, 95, 685-690.
[CrossRef] [PubMed]

Doughty, H.; Green, L.; Callum, J.; Murphy, M.E Triage tool for the rationing of blood for massively bleeding patients during a
severe national blood shortage: Guidance from the National Blood Transfusion Committee. Br. . Haematol. 2020, 191, 340-346.
[CrossRef] [PubMed]

Kim, J.S.; Casem, C.E; Baral, E.; Inaba, K.; Kuza, C.M. Narrative Review: Is There a Transfusion Cutoff Value After Which
Nonsurvivability Is Inevitable in Trauma Patients Receiving Ultramassive Transfusion? Anesth. Analg. 2023, 137, 354-364.
[CrossRef] [PubMed]

Loudon, A.M.; Rushing, A.P; Hue, ].].; Ziemak, A.; Sarode, A.L.; Moorman, M.L. When is enough enough? Odds of survival by
unit transfused. |. Trauma Acute Care Surg. 2023, 94, 205-211. [CrossRef] [PubMed]

Mladinov, D.; Frank, S.M. Massive transfusion and severe blood shortages: Establishing and implementing predictors of futility.
Br. |. Anaesth. 2022, 128, e71-e74. [CrossRef] [PubMed]

Saillant, N.N.; Kornblith, L.Z.; Moore, H.; Barrett, C.; Schreiber, M.A.; Cotton, B.A.; Neal, M.D.; Makar, R.; Cap, A.P. The National
Blood Shortage-An Impetus for Change. Ann. Surg. 2022, 275, 641-643. [CrossRef] [PubMed]

Van Gent, ] M.; Clements, T.W.; Lubkin, D.T.; Wade, C.E.; Cardenas, ].C.; Kao, L.S.; Cotton, B.A. Predicting Futility in Severely
Injured Patients: Using Arrival Lab Values and Physiology to Support Evidence-Based Resource Stewardship. J. Am. Coll. Surg.
2023, 236, 874-880. [CrossRef] [PubMed]

Quintana, M.T.; Zebley, J.A.; Vincent, A.; Chang, P; Estroff, J.; Sarani, B.; Forssten, M.P,; Cao, Y.; Chen, M.; Corrado, C.; et al.
Cresting mortality: Defining a plateau in ongoing massive transfusion. J. Trauma Acute Care Surg. 2022, 93, 43-51. [CrossRef]
Kockelmann, F.; Maegele, M. Acute Haemostatic Depletion and Failure in Patients with Traumatic Brain Injury (TBI): Pathophysi-
ological and Clinical Considerations. J. Clin. Med. 2023, 12, 2809. [CrossRef]

Maegele, M.; Aversa, J.; Marsee, M.K.; McCauley, R.; Chitta, S.H.; Vyakaranam, S.; Walsh, M. Changes in Coagulation following
Brain Injury. Semin. Thromb. Hemost. 2020, 46, 155-166. [CrossRef]

Maegele, M.; Schochl, H.; Menovsky, T.; Maréchal, H.; Marklund, N.; Buki, A.; Stanworth, S. Coagulopathy and haemorrhagic
progression in traumatic brain injury: Advances in mechanisms, diagnosis, and management. Lancet Neurol. 2017, 16, 630—-647.
[CrossRef]

Moore, E.E.; Moore, H.B.; Kornblith, L.Z.; Neal, M.D.; Hoffman, M.; Mutch, N.].; Schochl, H.; Hunt, B.J.; Sauaia, A. Trauma-
induced coagulopathy. Nat. Rev. Dis. Primers 2021, 7, 30. [CrossRef] [PubMed]

Hartmann, J.; Walsh, M.; Grisoli, A.; Thomas, A.V,; Shariff, F.; McCauley, R.; Vande Lune, S.; Zackariya, N.; Patel, S.; Farrell, M.S.;
et al. Diagnosis and Treatment of Trauma-Induced Coagulopathy by Viscoelastography. Semin. Thromb. Hemost. 2020, 46, 134-146.
[CrossRef] [PubMed]

Miranda, S.P.; Morris, R.S.; Rabas, M.; Creutzfeldt, C.J.; Cooper, Z. Early Shared Decision-Making for Older Adults with Traumatic
Brain Injury: Using Time-Limited Trials and Understanding Their Limitations. Neurocrit Care 2023, 39, 284-293. [CrossRef]
[PubMed]

Souter, MLJ.; Blissitt, P.A.; Blosser, S.; Bonomo, J.; Greer, D.; Jichici, D.; Mahanes, D.; Marcolini, E.G.; Miller, C.; Sangha, K; et al.
Recommendations for the Critical Care Management of Devastating Brain Injury: Prognostication, Psychosocial, and Ethical
Management: A Position Statement for Healthcare Professionals from the Neurocritical Care Society. Neurocrit Care 2015, 23, 4-13.
[CrossRef] [PubMed]


https://doi.org/10.1097/TA.0000000000003980
https://www.ncbi.nlm.nih.gov/pubmed/37125814
https://doi.org/10.1111/bjh.16736
https://www.ncbi.nlm.nih.gov/pubmed/32436251
https://doi.org/10.1213/ANE.0000000000006504
https://www.ncbi.nlm.nih.gov/pubmed/37115716
https://doi.org/10.1097/TA.0000000000003835
https://www.ncbi.nlm.nih.gov/pubmed/36694331
https://doi.org/10.1016/j.bja.2021.10.013
https://www.ncbi.nlm.nih.gov/pubmed/34794769
https://doi.org/10.1097/SLA.0000000000005393
https://www.ncbi.nlm.nih.gov/pubmed/35081570
https://doi.org/10.1097/XCS.0000000000000563
https://www.ncbi.nlm.nih.gov/pubmed/36728085
https://doi.org/10.1097/TA.0000000000003641
https://doi.org/10.3390/jcm12082809
https://doi.org/10.1055/s-0040-1702178
https://doi.org/10.1016/S1474-4422(17)30197-7
https://doi.org/10.1038/s41572-021-00264-3
https://www.ncbi.nlm.nih.gov/pubmed/33927200
https://doi.org/10.1055/s-0040-1702171
https://www.ncbi.nlm.nih.gov/pubmed/32160640
https://doi.org/10.1007/s12028-023-01764-8
https://www.ncbi.nlm.nih.gov/pubmed/37349599
https://doi.org/10.1007/s12028-015-0137-6
https://www.ncbi.nlm.nih.gov/pubmed/25894452

J. Clin. Med. 2024, 13, 3915 21 of 26

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

American College of Surgeons Trauma Quality Improvement Program. Best practices in the management of traumatic brain
injury. ACS Comm. Trauma 2015, 3-23.

Tran, A.; Saigle, V.; Manhas, N.; McIntyre, L.; Turgeon, A.F,; Lauzier, F; Chassé, M.; Golka, C.; Millington, S.J.; Kyeremanteng, K.;
et al. Association of age with death and withdrawal of life-sustaining therapy after severe traumatic brain injury. Can. J. Surg.
2023, 66, €348-e355. [CrossRef]

Williamson, T.; Ryser, M.D.; Ubel, P.A.; Abdelgadir, J.; Spears, C.A.; Liu, B.; Komisarow, J.; Lemmon, M.E.; Elsamadicy, A.; Lad, S.P.
Withdrawal of Life-supporting Treatment in Severe Traumatic Brain Injury. JAMA Surg. 2020, 155, 723-731. [CrossRef] [PubMed]
Turgeon, A.F,; Lauzier, F,; Simard, ].F,; Scales, D.C.; Burns, K.E.; Moore, L.; Zygun, D.A_; Bernard, F; Meade, M.O.; Dung, T.C,;
et al. Mortality associated with withdrawal of life-sustaining therapy for patients with severe traumatic brain injury: A Canadian
multicentre cohort study. Cmaj 2011, 183, 1581-1588. [CrossRef]

Livingston, D.H.; Mosenthal, A.C. Withdrawing life-sustaining therapy for patients with severe traumatic brain injury. Cmaj 2011,
183, 1570-1571. [CrossRef]

Raj, R.; Wennervirta, ].M.; Tjerkaski, J.; Luoto, TM.; Posti, ].P.; Nelson, D.W,; Takala, R.; Bendel, S.; Thelin, E.P.; Luostarinen, T.;
et al. Dynamic prediction of mortality after traumatic brain injury using a machine learning algorithm. NPJ Digit. Med. 2022,
5, 96. [CrossRef] [PubMed]

Kheirbek, T.; Martin, T.J.; Cao, J.; Hall, B.M.; Lueckel, S.; Adams, C.A. Prehospital shock index outperforms hypotension alone in
predicting significant injury in trauma patients. Trauma Surg. Acute Care Open 2021, 6, e000712. [CrossRef] [PubMed]

Xu, Z.; Chen, H.; Zhou, H.; Sun, X;; Ren, J.; Sun, H.; Chen, C.; Chen, G. Comparison of noninvasive continuous arterial blood
pressure measured by NICAP with arterial line in elderly patients. BMC Geriatr. 2022, 22, 108.

Hansen, L.H.; Ettrup-Christensen, A.; Biilow, K. Feasibility of continuous noninvasive arterial pressure monitoring in a prehospital
setting, measurements during emergency transfer. Eur. |. Emerg. Med. 2019, 26, 334-339. [CrossRef] [PubMed]

Anand, T.; Nelson, A.C.; Obaid, O.; Ditillo, M.F,; El-Qawaqzeh, KW.M.; Stewart, C.; Reina Limon, R.F.A.; Hosseinpour, H.;
Nguyen, L.; Joseph, B. Futility of Resuscitation among Geriatric Trauma Patients: Do We Need to Define When to Withdraw
Care? J. Am. Coll. Surg. 2022, 235, 592-593. [CrossRef]

Cosgriff, N.; Moore, E.E.; Sauaia, A.; Kenny-Moynihan, M.; Burch, ].M.; Galloway, B. Predicting life-threatening coagulopathy in
the massively transfused trauma patient: Hypothermia and acidoses revisited. J. Trauma 1997, 42, 857-861; discussion 852-861.
[CrossRef] [PubMed]

Criddle, L.M.; Eldredge, D.H.; Walker, ]. Variables predicting trauma patient survival following massive transfusion. J. Emerg.
Nurs. 2005, 31, 236-242. [CrossRef] [PubMed]

Hakala, P.; Hiippala, S.; Syrjala, M.; Randell, T. Massive blood transfusion exceeding 50 units of plasma poor red cells or whole
blood: The survival rate and the occurrence of leukopenia and acidosis. Injury 1999, 30, 619-622. [CrossRef] [PubMed]

Kivioja, A.; Myllynen, P.; Rokkanen, P. Survival after massive transfusions exceeding four blood volumes in patients with blunt
injuries. Am. Surg. 1991, 57, 398—401.

Liu, S.; Fujii, Q.; Serio, F.; McCague, A. Massive Blood Transfusions and Outcomes in Trauma Patients; An Intention to Treat
Analysis. Bull. Emerg. Trauma 2018, 6, 217-220. [CrossRef]

Lo, B.D.; Merkel, K.R.; Dougherty, J.L.; Kajstura, T.J.; Cruz, N.C.; Sikorski, R.A.; Frank, S.M. Assessing predictors of futility in
patients receiving massive transfusions. Transfusion 2021, 61, 2082-2089. [CrossRef] [PubMed]

Morris, M.C.; Niziolek, G.M.; Baker, J.E.; Huebner, B.R.; Hanseman, D.; Makley, A.T.; Pritts, T.A.; Goodman, M.D. Death by
Decade: Establishing a Transfusion Ceiling for Futility in Massive Transfusion. J. Surg. Res. 2020, 252, 139-146. [CrossRef]
[PubMed]

Muldowney, M; Liu, Z.; Stansbury, L.G.; Vavilala, M.S.; Hess, ].R. Ultramassive Transfusion for Trauma in the Age of Hemostatic
Resuscitation: A Retrospective Single-Center Cohort From a Large US Level-1 Trauma Center, 2011-2021. Anesth. Analg. 2023,
136, 927-933. [CrossRef] [PubMed]

Phillips, T.E,; Soulier, G.; Wilson, R.F. Outcome of massive transfusion exceeding two blood volumes in trauma and emergency
surgery. J. Trauma 1987, 27, 903-910. [CrossRef] [PubMed]

Rangarajan, K.; Subramanian, A.; Pandey, R. M. Determinants of mortality in trauma patients following massive blood transfusion.
J. Emerg. Trauma Shock 2011, 4, 58-63.

Schneider, A.B.; Adams, U.; Gallaher, ]J.; Purcell, L.N.; Raff, L.; Eckert, M.; Charles, A. Blood Utilization and Thresholds for
Mortality Following Major Trauma. J. Surg. Res. 2023, 281, 82-88. [CrossRef] [PubMed]

Siegel, ].H.; Rivkind, A.L; Dalal, S.; Goodarzi, S. Early physiologic predictors of injury severity and death in blunt multiple
trauma. Arch. Surg. 1990, 125, 498-508. [CrossRef] [PubMed]

Vaslef, S.N.; Knudsen, N.W.; Neligan, P.J.; Sebastian, M.W. Massive transfusion exceeding 50 units of blood products in trauma
patients. |. Trauma 2002, 53, 291-295; discussion 295-296. [CrossRef]

Velmahos, G.C.; Chan, L.; Chan, M.; Tatevossian, R.; Cornwell III, E.E.; Asensio, J.A.; Berne, T.V.; Demetriades, D. Is there a limit
to massive blood transfusion after severe trauma? Arch. Surg. 1998, 133, 947-952. [CrossRef]

Wilson, R.E; Dulchavsky, S.A.; Soullier, G.; Beckman, B. Problems with 20 or more blood transfusions in 24 hours. Am. Surg. 1987,
53,410-417.

Yu, A.].; Inaba, K,; Biswas, S.; de Leon, L.A.; Wong, M.; Benjamin, E.; Lam, L.; Demetriades, D. Supermassive Transfusion: A
15-Year Single Center Experience and Outcomes. Am. Surg. 2018, 84, 1617-1621. [CrossRef] [PubMed]


https://doi.org/10.1503/cjs.013721
https://doi.org/10.1001/jamasurg.2020.1790
https://www.ncbi.nlm.nih.gov/pubmed/32584926
https://doi.org/10.1503/cmaj.101786
https://doi.org/10.1503/cmaj.110974
https://doi.org/10.1038/s41746-022-00652-3
https://www.ncbi.nlm.nih.gov/pubmed/35851612
https://doi.org/10.1136/tsaco-2021-000712
https://www.ncbi.nlm.nih.gov/pubmed/33907716
https://doi.org/10.1097/MEJ.0000000000000562
https://www.ncbi.nlm.nih.gov/pubmed/30045102
https://doi.org/10.1097/01.XCS.0000896516.60590.12
https://doi.org/10.1097/00005373-199705000-00016
https://www.ncbi.nlm.nih.gov/pubmed/9191667
https://doi.org/10.1016/j.jen.2005.03.004
https://www.ncbi.nlm.nih.gov/pubmed/15983575
https://doi.org/10.1016/S0020-1383(99)00166-7
https://www.ncbi.nlm.nih.gov/pubmed/10707230
https://doi.org/10.29252/beat-060305
https://doi.org/10.1111/trf.16410
https://www.ncbi.nlm.nih.gov/pubmed/33955577
https://doi.org/10.1016/j.jss.2020.03.004
https://www.ncbi.nlm.nih.gov/pubmed/32278968
https://doi.org/10.1213/ANE.0000000000006388
https://www.ncbi.nlm.nih.gov/pubmed/37058729
https://doi.org/10.1097/00005373-198708000-00010
https://www.ncbi.nlm.nih.gov/pubmed/3612868
https://doi.org/10.1016/j.jss.2022.08.025
https://www.ncbi.nlm.nih.gov/pubmed/36122473
https://doi.org/10.1001/archsurg.1990.01410160084019
https://www.ncbi.nlm.nih.gov/pubmed/2322117
https://doi.org/10.1097/00005373-200208000-00017
https://doi.org/10.1001/archsurg.133.9.947
https://doi.org/10.1177/000313481808401016
https://www.ncbi.nlm.nih.gov/pubmed/30747681

J. Clin. Med. 2024, 13, 3915 22 of 26

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Dorken Gallastegi, A.; Secor, ].D.; Maurer, L.R; Dzik, W.S,; Saillant, N.N.; Hwabejire, J.O.; Fawley, J.; Parks, J.; Kaafarani, HM,;
Velmahos, G.C. Role of Transfusion Volume and Transfusion Rate as Markers of Futility During Ultramassive Blood Transfusion
in Trauma. J. Am. Coll. Surg. 2022, 235, 468—480. [CrossRef] [PubMed]

Holcomb, ].B.; Tilley, B.C.; Baraniuk, S.; Fox, E.E.; Wade, C.E.; Podbielski, ].M.; del Junco, D.J.; Brasel, K.J.; Bulger, EM,;
Callcut, R.A ; et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with
severe trauma: The PROPPR randomized clinical trial. JAMA 2015, 313, 471-482. [CrossRef] [PubMed]

Dzik, W. Misunderstanding the PROPPR trial. Transfusion 2017, 57, 2056. [CrossRef] [PubMed]

Holcomb, ]J.B.; Hess, J.R.; Group, P.S. Response to: “Misunderstanding the PROPPR trial”. Transfusion 2017, 57, 2057-2058.
[CrossRef]

Eagle, S.R.; Nwachuku, E.; Elmer, J.; Deng, H.; Okonkwo, D.O.; Pease, M. Performance of CRASH and IMPACT Prognostic
Models for Traumatic Brain Injury at 12 and 24 Months Post-Injury. Neurotrauma Rep. 2023, 4, 118-123. [CrossRef] [PubMed]
Kotwica, Z.; Jakubowski, ] K. Head-injured adult patients with GCS of 3 on admission--who have a chance to survive? Acta
Neurochir (Wien) 1995, 133, 56-59. [CrossRef] [PubMed]

Majdan, M.; Steyerberg, E.W.; Nieboer, D.; Mauritz, W.; Rusnak, M.; Lingsma, H.F. Glasgow coma scale motor score and pupillary
reaction to predict six-month mortality in patients with traumatic brain injury: Comparison of field and admission assessment. J.
Neurotrauma 2015, 32, 101-108. [CrossRef] [PubMed]

Siegel, J.H. The effect of associated injuries, blood loss, and oxygen debt on death and disability in blunt traumatic brain injury:
The need for early physiologic predictors of severity. J. Neurotrauma 1995, 12, 579-590. [CrossRef]

Steyerberg, EW.; Mushkudiani, N.; Perel, P.; Butcher, I; Lu, J.; McHugh, G.S.; Murray, G.D.; Marmarou, A.; Roberts, I;
Habbema, ].D.; et al. Predicting outcome after traumatic brain injury: Development and international validation of prognostic
scores based on admission characteristics. PLoS Med. 2008, 5, e165; discussion e165. [CrossRef]

Tenovuo, O.; Diaz-Arrastia, R.; Goldstein, L.E.; Sharp, D.]J.; van der Naalt, J.; Zasler, N.D. Assessing the Severity of Traumatic
Brain Injury-Time for a Change? |. Clin. Med. 2021, 10, 148. [CrossRef]

Tien, H.C.; Cunha, ].R;; Wu, S.N.; Chughtai, T.; Tremblay, L.N.; Brenneman, ED.; Rizoli, S.B. Do trauma patients with a Glasgow
Coma Scale score of 3 and bilateral fixed and dilated pupils have any chance of survival? J. Trauma 2006, 60, 274-278. [CrossRef]
Perel, P.; Al-Shahi Salman, R.; Kawahara, T.; Morris, Z.; Prieto-Merino, D.; Roberts, I.; Sandercock, P.; Shakur, H.; Wardlaw, J.
CRASH-2 (Clinical Randomisation of an Antifibrinolytic in Significant Haemorrhage) intracranial bleeding study: The effect of
tranexamic acid in traumatic brain injury--a nested randomised, placebo-controlled trial. Health Technol. Assess. 2012, 16, iii-54.
[CrossRef] [PubMed]

National Association of EMS Physicians and American College of Surgeons Committee on Trauma. Withholding of resuscitation
for adult traumatic cardiopulmonary arrest. Prehosp Emerg. Care 2013, 17, 291. [CrossRef] [PubMed]

Millin, M.G.; Galvagno, S.M.; Khandker, S.R.; Malki, A.; Bulger, E.M. Withholding and termination of resuscitation of adult
cardiopulmonary arrest secondary to trauma: Resource document to the joint NAEMSP-ACSCOT position statements. |. Trauma
Acute Care Surg. 2013, 75, 459-467. [CrossRef] [PubMed]

Wilkinson, D. The self-fulfilling prophecy in intensive care. Theor. Med. Bioeth. 2009, 30, 401-410. [CrossRef]

Roberts, G.; Lloyd, M.; Parker, M.; Martin, R.; Philp, B.; Shelley, O.; Dziewulski, P. The Baux score is dead. Long live the Baux
score: A 27-year retrospective cohort study of mortality at a regional burns service. J. Trauma Acute Care Surg. 2012, 72, 251-256.
[CrossRef] [PubMed]

Anderson, E.; Kryzanski, J. Prognosis and futility in neurosurgical emergencies: A review. Clin. Neurol. Neurosurg. 2020,
195, 105851. [CrossRef]

Mohammadifard, M.; Ghaemi, K.; Hanif, H.; Sharifzadeh, G.; Haghparast, M. Marshall and Rotterdam Computed Tomography
scores in predicting early deaths after brain trauma. Eur. ]. Transl. Myol. 2018, 28, 7542. [CrossRef]

Plum, E,; Posner, ].B. Prognosis in Coma and Related Disorders of Consciousness, Mechanisms Underlying Outcomes, and Ethical
Considerations. In The Diagnosis of Stupor and Coma; Oxford Academic: Oxford, UK, 2007; Volume 67, pp. 344-345.

Zakrison, T.L.; Essig, R.; Polcari, A.; McKinley, W.; Arnold, D.; Beyene, R.; Wilson, K.; Rogers, S., Jr.; Matthews, ].B.; Millis, ].M.;
et al. Review Paper on Penetrating Brain Injury: Ethical Quandaries in the Trauma Bay and Beyond. Ann. Surg. 2023, 277, 66-72.
[CrossRef]

Plum, F,; Posner, ].B. Structural Cases of Stupor and Coma. In The Diagnosis of Stupor and Coma; Oxford Academic: Oxford, UK,
2007; Volume 67, pp. 88-118.

Pease, M.; Nwachuku, E.; Goldschmidt, E.; Elmer, J.; Okonkwo, D.O. Complications from Multimodal Monitoring Do not Affect
Long-Term Outcomes in Severe Traumatic Brain Injury. World Neurosurg. 2022, 161, e109—e117. [CrossRef]

Stocker, R.A. Intensive Care in Traumatic Brain Injury Including Multi-Modal Monitoring and Neuroprotection. Med. Sci. 2019,
7,37. [CrossRef]

Barker, M.D.; Whyte, J.; Pretz, C.R.; Sherer, M.; Temkin, N.; Hammond, EM.; Saad, Z.; Novack, T. Application and clinical utility
of the Glasgow Coma Scale over time: A study employing the NIDRR traumatic brain injury model systems database. J. Head
Trauma Rehabil. 2014, 29, 400-406. [CrossRef]

Perrin, P.B.; Niemeier, ].P.; Mougeot, ].L.; Vannoy, C.H.; Hirsch, M.A.; Watts, J.A.; Rossman, W.; Grafton, L.M.; Guerrier, T.D.;
Pershad, R.; et al. Measures of injury severity and prediction of acute traumatic brain injury outcomes. J. Head Trauma Rehabil.
2015, 30, 136-142. [CrossRef]


https://doi.org/10.1097/XCS.0000000000000268
https://www.ncbi.nlm.nih.gov/pubmed/35972167
https://doi.org/10.1001/jama.2015.12
https://www.ncbi.nlm.nih.gov/pubmed/25647203
https://doi.org/10.1111/trf.14200
https://www.ncbi.nlm.nih.gov/pubmed/28782822
https://doi.org/10.1111/trf.14197
https://doi.org/10.1089/neur.2022.0082
https://www.ncbi.nlm.nih.gov/pubmed/36895818
https://doi.org/10.1007/BF01404948
https://www.ncbi.nlm.nih.gov/pubmed/8561037
https://doi.org/10.1089/neu.2014.3438
https://www.ncbi.nlm.nih.gov/pubmed/25227136
https://doi.org/10.1089/neu.1995.12.579
https://doi.org/10.1371/journal.pmed.0050165
https://doi.org/10.3390/jcm10010148
https://doi.org/10.1097/01.ta.0000197177.13379.f4
https://doi.org/10.3310/hta16130
https://www.ncbi.nlm.nih.gov/pubmed/22417901
https://doi.org/10.3109/10903127.2012.755586
https://www.ncbi.nlm.nih.gov/pubmed/23327549
https://doi.org/10.1097/TA.0b013e31829cfaea
https://www.ncbi.nlm.nih.gov/pubmed/24089117
https://doi.org/10.1007/s11017-009-9120-6
https://doi.org/10.1097/TA.0b013e31824052bb
https://www.ncbi.nlm.nih.gov/pubmed/22310134
https://doi.org/10.1016/j.clineuro.2020.105851
https://doi.org/10.4081/ejtm.2018.7542
https://doi.org/10.1097/SLA.0000000000005608
https://doi.org/10.1016/j.wneu.2022.01.059
https://doi.org/10.3390/medsci7030037
https://doi.org/10.1097/HTR.0b013e31828a0a45
https://doi.org/10.1097/HTR.0000000000000026

J. Clin. Med. 2024, 13, 3915 23 of 26

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Lulla, A.; Lumba-Brown, A.; Totten, A.M.; Maher, PJ.; Badjatia, N.; Bell, R.; Donayri, C.T.J.; Fallat, M.E.; Hawryluk, GW.J;
Goldberg, S.A ; et al. Prehospital Guidelines for the Management of Traumatic Brain Injury—3rd Edition. Prehosp. Emerg. Care
2023, 27,507-538. [CrossRef]

Roozenbeek, B.; Lingsma, H.E; Lecky, FE.; Lu, J.; Weir, J.; Butcher, I.; McHugh, G.S.; Murray, G.D.; Perel, P.; Maas, A.L;
et al. Prediction of outcome after moderate and severe traumatic brain injury: External validation of the International Mission
on Prognosis and Analysis of Clinical Trials IMPACT) and Corticoid Randomisation after Significant Head injury (CRASH)
prognostic models. Crit. Care Med. 2012, 40, 1609-1617.

Muehlschlegel, S.; Rajajee, V.; Wartenberg, K.E.; Alexander, S.A.; Busl, KM.; Creutzfeldt, C.J.; Fontaine, G.V.; Hocker, S.E.;
Hwang, D.Y.; Kim, K.S.; et al. Guidelines for Neuroprognostication in Critically Ill Adults with Moderate-Severe Traumatic Brain
Injury. Neurocrit. Care 2024, 40, 448-476. [CrossRef]

Ahmadi, S.; Sarveazad, A.; Babahajian, A.; Ahmadzadeh, K.; Yousefifard, M. Comparison of Glasgow Coma Scale and Full
Outline of UnResponsiveness score for prediction of in-hospital mortality in traumatic brain injury patients: A systematic review
and meta-analysis. Eur. |. Trauma Emerg. Surg. 2023, 49, 1693-1706. [CrossRef]

Cook, A.C; Joseph, B.; Inaba, K.; Nakonezny, P.A.; Bruns, B.R.; Kerby, ].D.; Brasel, K.J.; Wolf, S.E.; Cuschieri, J.; Paulk, M.E,;
et al. Multicenter external validation of the Geriatric Trauma Outcome Score: A study by the Prognostic Assessment of Life and
Limitations After Trauma in the Elderly (PALLIATE) consortium. J. Trauma Acute Care Surg. 2016, 80, 204-209. [CrossRef]
Egglestone, R.; Sparkes, D.; Dushianthan, A. Prediction of mortality in critically-ill elderly trauma patients: A single centre
retrospective observational study and comparison of the performance of trauma scores. Scand. J. Trauma Resusc. Emerg. Med. 2020,
28,95. [CrossRef]

Park, J.; Lee, Y. Predicting Mortality of Korean Geriatric Trauma Patients: A Comparison between Geriatric Trauma Outcome
Score and Trauma and Injury Severity Score. Yonsei Med. ]. 2022, 63, 88-94. [CrossRef]

Ravindranath, S.; Ho, KM.; Rao, S.; Nasim, S.; Burrell, M. Validation of the geriatric trauma outcome scores in predicting
outcomes of elderly trauma patients. Injury 2021, 52, 154-159. [CrossRef]

Scherer, |.; Kalbas, Y.; Ziegenhain, F.; Neuhaus, V.; Lefering, R.; Teuben, M.; Sprengel, K.; Pape, H.C.; Jensen, K.O. The GERtality
Score: The Development of a Simple Tool to Help Predict in-Hospital Mortality in Geriatric Trauma Patients. J. Clin. Med. 2021,
10, 1362. [CrossRef] [PubMed]

Zhuang, Y.; Feng, Q.; Tang, H.; Wang, Y.; Li, Z.; Bai, X. Predictive value of the geriatric trauma outcome score in older patients
after trauma: A retrospective cohort study. Int. J. Gen. Med. 2022, 15, 4379-4390. [CrossRef] [PubMed]

El-Qawaqzeh, K.; Anand, T.; Alizai, Q.; Colosimo, C.; Hosseinpour, H.; Spencer, A.; Ditillo, M.; Magnotti, L.J.; Stewart, C.;
Joseph, B. Trauma in the Geriatric and the Super-Geriatric: Should They Be Treated the Same? ]. Surg. Res. 2024, 293, 316-326.
[CrossRef]

El-Qawagqzeh, K.; Magnotti, L.].; Hosseinpour, H.; Nelson, A.; Spencer, A.L.; Anand, T.; Bhogadi, S.K.; Alizai, Q.; Ditillo, M.;
Joseph, B. Geriatric trauma, frailty, and ACS trauma center verification level: Are there any correlations with outcomes? Injury
2024, 55, 110972. [CrossRef]

Joseph, B.; Obaid, O.; Dultz, L.; Black, G.; Campbell, M.; Berndtson, A.E.; Costantini, T.; Kerwin, A.; Skarupa, D.; Burruss, S.;
et al. Validating the Brain Injury Guidelines: Results of an American Association for the Surgery of Trauma prospective
multi-institutional trial. J. Trauma Acute Care Surg. 2022, 93, 157-165. [CrossRef]

Joseph, B.; Pandit, V.; Zangbar, B.; Kulvatunyou, N.; Tang, A.; O’Keeffe, T.; Green, D.J.; Vercruysse, G.; Fain, M.].; Friese, R.S.;
et al. Validating Trauma-Specific Frailty Index for Geriatric Trauma Patients: A Prospective Analysis. J. Am. Coll. Surg. 2014,
219, 10-17e11. [CrossRef]

Zhao, F.Z.; Wolf, S.E.; Nakonezny, P.A.; Minhajuddin, A.; Rhodes, R.L.; Paulk, M.E.; Phelan, H.A. Estimating Geriatric Mortality
after Injury Using Age, Injury Severity, and Performance of a Transfusion: The Geriatric Trauma Outcome Score. J. Palliat. Med.
2015, 18, 677-681. [CrossRef] [PubMed]

Alizai, Q.; Joseph, B. Systematic Review—From Challenge to Success: Transforming Care Through Brain Injury Guidelines. Kos. |
Surg. 2024, 8, 46-54. Available online: https://koscs.org/en/systematic-review-from-challenge-to-success-transforming-care-
through-brain-injury-guidelines/ (accessed on 25 June 2024).

Benhamed, A.; Emond, M.; Mercier, E.; Heidet, M.; Gauss, T.; Saint-Supery, P; Yadav, K.; David, J.-S.; Claustre, C.; Tazarourte, K.
Accuracy of a prehospital triage protocol in predicting in-hospital mortality and severe trauma cases among older adults. Int. |.
Environ. Res. Public. Health 2023, 20, 1975. [CrossRef]

Chow, J.; Kuza, C.M. Predicting mortality in elderly trauma patients: A review of the current literature. Curr. Opin. Anesthesiol.
2022, 35, 160-165. [CrossRef]

Hosseinpour, H.; Anand, T.; Bhogadi, S.K.; Colosimo, C.; El-Qawagqzeh, K.; Spencer, A.L.; Castanon, L.; Ditillo, M.; Magnotti, L.J.;
Joseph, B. Emergency Department Shock Index Outperforms Prehospital and Delta Shock Indices in Predicting Outcomes of
Trauma Patients. J. Surg. Res. 2023, 291, 204-212. [CrossRef]

Kihtir, H.S.; Ongun, E.A. BIG score is a strong predictor of mortality and morbidity for high-energy traumas in pediatric intensive
care unit. Turk. J. Trauma Emerg. Surg. 2022, 28, 1292. [CrossRef]

Nishimura, S.; Kumamaru, H.; Shoji, S.; Nakatani, E.; Yamamoto, H.; Ichihara, N.; Miyachi, Y.; Sandhu, A.T.; Heidenreich, P.A;
Yamauchi, K.; et al. Assessment of coding-based frailty algorithms for long-term outcome prediction among older people in
community settings: A cohort study from the Shizuoka Kokuho Database. Age Ageing 2022, 51, afac009. [CrossRef]


https://doi.org/10.1080/10903127.2023.2187905
https://doi.org/10.1007/s12028-023-01902-2
https://doi.org/10.1007/s00068-022-02111-w
https://doi.org/10.1097/TA.0000000000000926
https://doi.org/10.1186/s13049-020-00788-9
https://doi.org/10.3349/ymj.2022.63.1.88
https://doi.org/10.1016/j.injury.2020.09.056
https://doi.org/10.3390/jcm10071362
https://www.ncbi.nlm.nih.gov/pubmed/33806240
https://doi.org/10.2147/IJGM.S362752
https://www.ncbi.nlm.nih.gov/pubmed/35493196
https://doi.org/10.1016/j.jss.2023.09.015
https://doi.org/10.1016/j.injury.2023.110972
https://doi.org/10.1097/TA.0000000000003554
https://doi.org/10.1016/j.jamcollsurg.2014.03.020
https://doi.org/10.1089/jpm.2015.0027
https://www.ncbi.nlm.nih.gov/pubmed/25974408
https://koscs.org/en/systematic-review-from-challenge-to-success-transforming-care-through-brain-injury-guidelines/
https://koscs.org/en/systematic-review-from-challenge-to-success-transforming-care-through-brain-injury-guidelines/
https://doi.org/10.3390/ijerph20031975
https://doi.org/10.1097/ACO.0000000000001092
https://doi.org/10.1016/j.jss.2023.05.008
https://doi.org/10.14744/tjtes.2022.42347
https://doi.org/10.1093/ageing/afac009

J. Clin. Med. 2024, 13, 3915 24 of 26

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

Bai, X.; Wang, R.; Zhang, C.; Wen, D.; Ma, L.; He, M. The prognostic value of an age-adjusted BIG score in adult patients with
traumatic brain injury. Front. Neurol. 2023, 14, 1272994. [CrossRef]

Fulkerson, D.H.; White, L.K.; Rees, ].M.; Baumanis, M.M.; Smith, J.L.; Ackerman, L.L.; Boaz, ]J.C.; Luerssen, T.G. Analysis of
long-term (median 10.5 years) outcomes in children presenting with traumatic brain injury and an initial Glasgow Coma Scale
score of 3 or 4. |. Neurosurg. Pediatr. 2015, 16, 410-419. [CrossRef]

Hemphill, J.C., 3rd; White, D.B. Clinical nihilism in neuroemergencies. Emerg. Med. Clin. N. Am. 2009, 27, 27-37. [CrossRef]
Stein, N.R.; McArthur, D.L.; Etchepare, M.; Vespa, PM. Early cerebral metabolic crisis after TBI influences outcome despite
adequate hemodynamic resuscitation. Neurocrit. Care 2012, 17, 49-57. [CrossRef]

Castellino, EJ.; Chapman, M.P.; Donahue, D.L.; Thomas, S.; Moore, E.E.; Wohlauer, M.V,; Fritz, B.; Yount, R.; Ploplis, V,;
Davis, P,; et al. Traumatic brain injury causes platelet adenosine diphosphate and arachidonic acid receptor inhibition independent
of hemorrhagic shock in humans and rats. J. Trauma Acute Care Surg. 2014, 76, 1169-1176. [CrossRef]

Wada, T.; Shiraishi, A.; Gando, S.; Yamakawa, K.; Fujishima, S.; Saitoh, D.; Kushimoto, S.; Ogura, H.; Abe, T.; Mayumi, T.;
et al. Pathophysiology of Coagulopathy Induced by Traumatic Brain Injury Is Identical to That of Disseminated Intravascular
Coagulation With Hyperfibrinolysis. Front. Med. 2021, 8, 767637. [CrossRef] [PubMed]

Barbosa, R.R.; Rowell, S.E.; Diggs, B.S.; Schreiber, M.A.; Group, T.O. Profoundly abnormal initial physiologic and biochemical
data cannot be used to determine futility in massively transfused trauma patients. J. Trauma Acute Care Surg. 2011, 71, S364-5369.
[CrossRef] [PubMed]

Neal, CJ.; Bell, R.S.; Carmichael, ].J.; DuBose, J.J.; Grabo, D.J.; Oh, ].S.; Remick, K.N.; Bailey, ].A.; Stockinger, Z.T. Catastrophic
Non-Survivable Brain Injury Care-Role 2/3. Mil. Med. 2018, 183, 73-77. [CrossRef] [PubMed]

Lanken, PN.; Ahlheit, B.D.; Crawford, S.; Hansen-Flaschen, J.H.; Lefrak, S.S.; Luce, ].M.; Matthay, M.A.; Osborne, M.L,;
Raffin, T.A.; Robotham, J.L.; et al. Withholding and withdrawing life-sustaining therapy. This Official Statement of the American
Thoracic Society was adopted by the ATS Board of Directors, March 1991. Am. Rev. Respir. Dis. 1991, 144, 726-731. [CrossRef]
Kon, A.A ; Shepard, E.K.; Sederstrom, N.O.; Swoboda, S.M.; Marshall, M.E,; Birriel, B.; Rincon, F. Defining Futile and Potentially
Inappropriate Interventions: A Policy Statement From the Society of Critical Care Medicine Ethics Committee. Crit. Care Med.
2016, 44, 1769-1774. [CrossRef]

Malaiyandi, D.P.; Henderson, G.V.; Rubin, M.A. Transfusion of Blood Products in the Neurocritical Care Unit: An Exploration of
Rationing and Futility. Neurocrit. Care 2018, 28, 296-301. [CrossRef]

Joseph, B.; Saljugi, A.T.; Amos, ].D.; Teichman, A.; Whitmill, M.L.; Anand, T.; Hosseinpour, H.; Burruss, S.K.; Dunn, J.A.; Najafi, K.;
et al. Prospective validation and application of the Trauma-Specific Frailty Index: Results of an American Association for the
Surgery of Trauma multi-institutional observational trial. J. Trauma Acute Care Surg. 2023, 94, 36—44. [CrossRef]

Fischer, D.; Edlow, B.L.; Giacino, ]J.T.; Greer, D.M. Neuroprognostication: A conceptual framework. Nat. Rev. Neurol. 2022,
18, 419-427. [CrossRef]

Li, Y.; Wang, L.; Liu, Y.; Zhao, Y.; Fan, Y.; Yang, M.; Yuan, R.; Zhou, E; Zhang, Z.; Kang, H. Development and Validation of
a Simplified Prehospital Triage Model Using Neural Network to Predict Mortality in Trauma Patients: The Ability to Follow
Commands, Age, Pulse Rate, Systolic Blood Pressure and Peripheral Oxygen Saturation (CAPSO) Model. Front. Med. 2021,
8, 810195. [CrossRef]

Stopenski, S.; Grigorian, A.; Inaba, K.; Lekawa, M.; Matsushima, K.; Schellenberg, M.; Kim, D.; de Virgilio, C.; Nahmias, J.
Prehospital Variables Alone Can Predict Mortality After Blunt Trauma: A Novel Scoring Tool. Am. Surg. 2021, 87, 1638-1643.
[CrossRef]

Vorbeck, J.; Bachmann, M.; Diising, H.; Hartensuer, R. Mortality Risk Factors of Severely Injured Polytrauma Patients (Prehospital
Mortality Prediction Score). J. Clin. Med. 2023, 12, 4724. [CrossRef]

Eichinger, M.; Robb, H.D.P; Scurr, C.; Tucker, H.; Heschl, S.; Peck, G. Challenges in the PREHOSPITAL emergency management
of geriatric trauma patients—A scoping review. Scand. ]. Trauma Resusc. Emerg. Med. 2021, 29, 100. [CrossRef]

Li, Z.; Feng, Y.; Wang, P,; Han, S.; Zhang, K.; Zhang, C.; Lu, S.; Lv, C.; Zhu, F; Bie, L. Evaluation of the prognosis of acute subdural
hematoma according to the density differences between gray and white matter. Front. Neurol. 2022, 13, 1024018. [CrossRef]
Choi, Y,; Park, J.H.; Hong, K.J.; Ro, Y.S.; Song, K.J.; Shin, S.D. Development and validation of a prehospital-stage prediction tool
for traumatic brain injury: A multicentre retrospective cohort study in Korea. BM] Open 2022, 12, e055918. [CrossRef]

van Veen, E.; van der Jagt, M.; Citerio, G.; Stocchetti, N.; Gommers, D.; Burdorf, A.; Menon, D.K,; Maas, A.LR.; Kompanje, E.J.O.;
Lingsma, H.F. Occurrence and timing of withdrawal of life-sustaining measures in traumatic brain injury patients: A CENTER-TBI
study. Intensive Care Med. 2021, 47, 1115-1129. [CrossRef]

Anestis, D.M.; Marinos, K.; Tsitsopoulos, P.P. Comparison of the prognostic validity of three simplified consciousness assessment
scales with the Glasgow Coma Scale. Eur. J. Trauma Emerg. Surg. 2023, 49, 2193-2202. [CrossRef]

van Veen, E.; van der Jagt, M.; Citerio, G.; Stocchetti, N.; Epker, J.L.; Gommers, D.; Burdorf, L.; Menon, D.K.; Maas, ALR,;
Lingsma, H.F,; et al. End-of-life practices in traumatic brain injury patients: Report of a questionnaire from the CENTER-TBI
study. J. Crit. Care 2020, 58, 78-88. [CrossRef]

Cook, C. Is clinical gestalt good enough? J. Man. Manip. Ther. 2009, 17, 6-7. [CrossRef]

Kabrhel, C.; Camargo, C.A,, Jr.; Goldhaber, S.Z. Clinical gestalt and the diagnosis of pulmonary embolism: Does experience
matter? Chest 2005, 127, 1627-1630. [CrossRef]


https://doi.org/10.3389/fneur.2023.1272994
https://doi.org/10.3171/2015.3.PEDS14679
https://doi.org/10.1016/j.emc.2008.08.009
https://doi.org/10.1007/s12028-012-9708-y
https://doi.org/10.1097/TA.0000000000000216
https://doi.org/10.3389/fmed.2021.767637
https://www.ncbi.nlm.nih.gov/pubmed/34869481
https://doi.org/10.1097/TA.0b013e318227f170
https://www.ncbi.nlm.nih.gov/pubmed/21814105
https://doi.org/10.1093/milmed/usy083
https://www.ncbi.nlm.nih.gov/pubmed/30189063
https://doi.org/10.1164/ajrccm/144.3_Pt_1.726
https://doi.org/10.1097/CCM.0000000000001965
https://doi.org/10.1007/s12028-017-0478-4
https://doi.org/10.1097/TA.0000000000003817
https://doi.org/10.1038/s41582-022-00644-7
https://doi.org/10.3389/fmed.2021.810195
https://doi.org/10.1177/00031348211024192
https://doi.org/10.3390/jcm12144724
https://doi.org/10.1186/s13049-021-00922-1
https://doi.org/10.3389/fneur.2022.1024018
https://doi.org/10.1136/bmjopen-2021-055918
https://doi.org/10.1007/s00134-021-06484-1
https://doi.org/10.1007/s00068-023-02286-w
https://doi.org/10.1016/j.jcrc.2020.04.001
https://doi.org/10.1179/106698109790818223
https://doi.org/10.1378/chest.127.5.1627

J. Clin. Med. 2024, 13, 3915 25 of 26

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Kempainen, R.R.; Migeon, M.B.; Wolf, EM. Understanding our mistakes: A primer on errors in clinical reasoning. Med. Teach.
2003, 25, 177-181. [CrossRef]

Baik, D.; Yeom, S.R.; Park, SW.; Cho, Y.; Yang, W.T.; Kwon, H.; Lee, ].1.; Ko, ] K.; Choi, H.].; Huh, U; et al. The Addition of
ROTEM Parameter Did Not Significantly Improve the Massive Transfusion Prediction in Severe Trauma Patients. Emerg. Med. Int.
2022, 2022, 7219812. [CrossRef] [PubMed]

Nunez, T.C.; Voskresensky, I.V.; Dossett, L.A.; Shinall, R.; Dutton, W.D.; Cotton, B.A. Early prediction of massive transfusion in
trauma: Simple as ABC (assessment of blood consumption)? J. Trauma 2009, 66, 346-352. [CrossRef] [PubMed]

Pommerening, M.].; Goodman, M.D.; Holcomb, ].B.; Wade, C.E.; Fox, E.E.; Del Junco, D.J.; Brasel, K.J.; Bulger, E.M.; Cohen, M.].;
Alarcon, L.H.; et al. Clinical gestalt and the prediction of massive transfusion after trauma. Injury 2015, 46, 807-813. [CrossRef]
[PubMed]

Yiicel, N.; Lefering, R.; Maegele, M.; Vorweg, M.; Tjardes, T.; Ruchholtz, S.; Neugebauer, E.A.; Wappler, F.; Bouillon, B.;
Rixen, D. Trauma Associated Severe Hemorrhage (TASH)-Score: Probability of mass transfusion as surrogate for life threatening
hemorrhage after multiple trauma. J. Trauma 2006, 60, 1228-1236; discussion 1227-1236. [CrossRef] [PubMed]

Chapman, M.P,; Moore, E.E.; Moore, H.B.; Gonzalez, E.; Morton, A.P.; Chandler, J.; Fleming, C.D.; Ghasabyan, A.; Silliman, C.C,;
Banerjee, A.; et al. The “Death Diamond”: Rapid thrombelastography identifies lethal hyperfibrinolysis. J. Trauma Acute Care
Surg. 2015, 79, 925-929. [CrossRef] [PubMed]

Farrell, M.S.; Moore, E.E.; Thomas, A.V.; Coleman, J.R.; Thomas, S.; Vande Lune, S.; Marconi, T,, Jr.; Cohen, M.]J.; Chapman, M.P;
Moore, H.B,; et al. “Death Diamond” Tracing on Thromboelastography as a Marker of Poor Survival After Trauma. Am. Surg.
2022, 88, 1689-1693. [CrossRef]

Moore, E.E.; Moore, H.B.; Thomas, S.G.; Farrell, M.S,; Sixta, S.; Coleman, J.R.; Miller, J.B.; Bunch, C.M.; Waxman, D.; Walsh, M.M.
Serial “Death Diamond” TEGs are a bedside indicator of futile resuscitation during massive transfusion. J. Trauma Acute Care
Surg. 2023, 95, e19-e21. [CrossRef] [PubMed]

Ranola, P.A.; Merchant, R.M.; Perman, S.M.; Khan, A.M.; Gaieski, D.; Caplan, A.L.; Kirkpatrick, ].N. How long is long enough,
and have we done everything we should?--Ethics of calling codes. J. Med. Ethics 2015, 41, 663—-666. [CrossRef]

Anazodo, A.N.; Murthi, S.B.; Frank, M.K.; Hu, P.F,; Hartsky, L.; Imle, P.C.; Stephens, C.T.; Menaker, J.; Miller, C.; Dinardo, T.;
et al. Assessing trauma care provider judgement in the prediction of need for life-saving interventions. Injury 2015, 46, 791-797.
[CrossRef]

Shiber, J.; Fontane, E.; Patel, ].; Akinleye, A.; Kerwin, A.; Chiu, W.; Scalea, T. Gestalt clinical severity score (GCSS) as a predictor of
patient severity of illness or injury. Am. J. Emerg. Med. 2023, 66, 11-15. [CrossRef]

Bhogadi, S.K.; Magnotti, L.J.; Hosseinpour, H.; Anand, T.; El-Qawaqzeh, K.; Nelson, A.; Colosimo, C.; Spencer, A.L.; Friese, R.;
Joseph, B. The final decision among the injured elderly, to stop or to continue? Predictors of withdrawal of life supporting
treatment. J. Trauma Acute Care Surg. 2023, 94, 778-783. [CrossRef] [PubMed]

Eckstein, M. Termination of resuscitative efforts: Medical futility for the trauma patient. Curr. Opin. Crit. Care 2001, 7, 450-454.
[CrossRef] [PubMed]

Maas, A.IL; Lingsma, H.E; Roozenbeek, B. Predicting outcome after traumatic brain injury. Handb. Clin. Neurol. 2015, 128, 455-474.
[PubMed]

Gang, M.C.; Hong, K.J.; Shin, S.D.; Song, K.J.; Ro, Y.S.; Kim, T.H.; Park, J.H.; Jeong, J. New prehospital scoring system for
traumatic brain injury to predict mortality and severe disability using motor Glasgow Coma Scale, hypotension, and hypoxia: A
nationwide observational study. Clin. Exp. Emerg. Med. 2019, 6, 152-159. [CrossRef] [PubMed]

Spaite, D.W.; Hu, C.; Bobrow, B.J.; Chikani, V.; Barnhart, B.; Gaither, ].B.; Denninghoff, K.R.; Adelson, P.D.; Keim, S.M.; Viscusi, C.;
et al. The Effect of Combined Out-of-Hospital Hypotension and Hypoxia on Mortality in Major Traumatic Brain Injury. Ann.
Emerg. Med. 2017, 69, 62-72. [CrossRef] [PubMed]

Martin-Rodriguez, F; Lopez-Izquierdo, R.; Mohedano-Moriano, A.; Polonio-Lépez, B.; Maestre Miquel, C.; Vifiuela, A,;
Fernandez, C.D.; Correas, ].G.; Marques, G.; Martin-Conty, ].L. Identification of Serious Adverse Events in Patients with Traumatic
Brain Injuries, from Prehospital Care to Intensive-Care Unit, Using Early Warning Scores. Int. |. Environ. Res. Public Health 2020,
17,1504. [CrossRef] [PubMed]

Vrettou, C.S.; Fragkou, P.C.; Mallios, I.; Barba, C.; Giannopoulos, C.; Gavrielatou, E.; Dimopoulou, I. The Role of Automated
Infrared Pupillometry in Traumatic Brain Injury: A Narrative Review. . Clin. Med. 2024, 13, 614. [CrossRef] [PubMed]

van Rein, E.AJ; van der Sluijs, R.; Voskens, EJ.; Lansink, KW.W.; Houwert, R.M.; Lichtveld, R.A.; de Jongh, M.A,;
Dijkgraaf, M.G.W.; Champion, H.R.; Beeres, E].P.; et al. Development and Validation of a Prediction Model for Prehospital Triage
of Trauma Patients. JAMA Surg. 2019, 154, 421-429. [CrossRef] [PubMed]

Akerlund, C.A.L; Holst, A.; Bhattacharyay, S.; Stocchetti, N.; Steyerberg, E.; Smielewski, P.; Menon, D.K.; Ercole, A.; Nelson, D.W.
Clinical descriptors of disease trajectories in patients with traumatic brain injury in the intensive care unit (CENTER-TBI): A
multicentre observational cohort study. Lancet Neurol. 2024, 23, 71-80. [CrossRef]

Nelson, L.; Magnus, B.; Yue, J.; Balsis, S.; Patrick, C.; Temkin, N.; Diaz-Arrastia, R.; Manley, G. Data-driven characterization of
traumatic brain injury severity from clinical, neuroimaging, and blood-based indicators. Res. Sq. 2024, preprint. [CrossRef]
Walsh, M.; Thomas, S.; Kwaan, H.; Aversa, J.; Anderson, S.; Sundararajan, R.; Zimmer, D.; Bunch, C.; Stillson, J.; Draxler, D.; et al.
Modern methods for monitoring hemorrhagic resuscitation in the United States: Why the delay? J. Trauma Acute Care Surg. 2020,
89,1018-1022. [CrossRef] [PubMed]


https://doi.org/10.1080/0142159031000092580
https://doi.org/10.1155/2022/7219812
https://www.ncbi.nlm.nih.gov/pubmed/36285178
https://doi.org/10.1097/TA.0b013e3181961c35
https://www.ncbi.nlm.nih.gov/pubmed/19204506
https://doi.org/10.1016/j.injury.2014.12.026
https://www.ncbi.nlm.nih.gov/pubmed/25682314
https://doi.org/10.1097/01.ta.0000220386.84012.bf
https://www.ncbi.nlm.nih.gov/pubmed/16766965
https://doi.org/10.1097/TA.0000000000000871
https://www.ncbi.nlm.nih.gov/pubmed/26488324
https://doi.org/10.1177/0003134821998684
https://doi.org/10.1097/TA.0000000000003941
https://www.ncbi.nlm.nih.gov/pubmed/37125795
https://doi.org/10.1136/medethics-2013-101949
https://doi.org/10.1016/j.injury.2014.10.063
https://doi.org/10.1016/j.ajem.2023.01.005
https://doi.org/10.1097/TA.0000000000003924
https://www.ncbi.nlm.nih.gov/pubmed/36899461
https://doi.org/10.1097/00075198-200112000-00013
https://www.ncbi.nlm.nih.gov/pubmed/11805549
https://www.ncbi.nlm.nih.gov/pubmed/25701901
https://doi.org/10.15441/ceem.18.027
https://www.ncbi.nlm.nih.gov/pubmed/31261485
https://doi.org/10.1016/j.annemergmed.2016.08.007
https://www.ncbi.nlm.nih.gov/pubmed/27692683
https://doi.org/10.3390/ijerph17051504
https://www.ncbi.nlm.nih.gov/pubmed/32110959
https://doi.org/10.3390/jcm13020614
https://www.ncbi.nlm.nih.gov/pubmed/38276120
https://doi.org/10.1001/jamasurg.2018.4752
https://www.ncbi.nlm.nih.gov/pubmed/30725101
https://doi.org/10.1016/S1474-4422(23)00358-7
https://doi.org/10.21203/rs.3.rs-3954157/v1
https://doi.org/10.1097/TA.0000000000002977
https://www.ncbi.nlm.nih.gov/pubmed/33048910

J. Clin. Med. 2024, 13, 3915 26 of 26

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Gambhir, S.; Grigorian, A.; Ramakrishnan, D.; Kuza, C.M.; Sheehan, B.; Maithel, S.; Nahmias, J. Risk Factors for Withdrawal of
Life-Sustaining Treatment in Severe Traumatic Brain Injury. Am. Surg. 2020, 86, 8-14. [CrossRef] [PubMed]

Malhotra, A K.; Shakil, H.; Smith, C.W.; Sader, N.; Ladha, K.; Wijeysundera, D.N.; Singhal, A.; Kulkarni, A.V.; Wilson, J.R,;
Witiw, C.D.; et al. Withdrawal of Life-Sustaining Treatment for Pediatric Patients With Severe Traumatic Brain Injury. JAMA Surg.
2024, 159, 287-296. [CrossRef] [PubMed]

Amare, A.T,; Tesfaye, T.D.; Ali, A.S.; Woelile, T.A.; Birlie, T.A.; Kebede, W.M.; Tassew, S.E; Chanie, E.S.; Fleke, D.G. Survival status
and predictors of mortality among traumatic brain injury patients in an Ethiopian hospital: A retrospective cohort study. Afr. J.
Emerg. Med. 2021, 11, 396-403. [CrossRef] [PubMed]

Barki, M.T,; Filza, F; Khattak, A.E; Khalid, O.B.; Qazi, M.; Gilani, H.; Ayub, S.; Farooq, M. A Survey of Traumatic Brain Injuries
from Road Traffic Collisions in a Lower Middle-Income Country. Cureus 2023, 15, e36892. [CrossRef] [PubMed]

McKeown, R.E. The Epidemiologic Transition: Changing Patterns of Mortality and Population Dynamics. Am. J. Lifestyle Med.
2009, 3, 19s—26s. [CrossRef] [PubMed]

Murray, C.J.; Barber, RM.; Foreman, K.J.; Abbasoglu Ozgoren, A.; Abd-Allah, F; Abera, S.E; Aboyans, V.; Abraham, J.P;
Abubakar, I.; Abu-Raddad, L.J; et al. Global, regional, and national disability-adjusted life years (DALYs) for 306 diseases and
injuries and healthy life expectancy (HALE) for 188 countries, 1990-2013: Quantifying the epidemiological transition. Lancet 2015,
386, 2145-2191. [CrossRef] [PubMed]

Reddy, C.L.; Peters, A.W.; Jumbam, D.T.; Caddell, L.; Alkire, B.C.; Meara, ].G.; Atun, R. Innovative financing to fund surgical
systems and expand surgical care in low-income and middle-income countries. BMJ Glob. Health 2020, 5, €002375. [CrossRef]
[PubMed]

Frechette, R.; Colas, N.; Augustin, M.; Edema, N.; Pyram, G.; Louis, S.; Crevecoeur, C.E.; Mathurin, C.; Louigne, R.; Patel, B.; et al.
Sustainable surgical resource initiative for Haiti: The SSRI-Haiti project. Glob. Health Action. 2023, 16, 2180867. [CrossRef]
Milton, M.; Engelbrecht, A.; Geyser, M. Predicting mortality in trauma patients—A retrospective comparison of the performance
of six scoring systems applied to polytrauma patients from the emergency centre of a South African central hospital. Afr. |. Emerg.
Med. 2021, 11, 453-458. [CrossRef]

Vukoja, M.; Riviello, E.D.; Schultz, M.]. Critical care outcomes in resource-limited settings. Curr. Opin. Crit. Care 2018, 24, 421-427.
[CrossRef]

Bosslet, G.T.; Pope, T.M.; Rubenfeld, G.D.; Lo, B.; Truog, R.D.; Rushton, C.H.; Curtis, ].R.; Ford, D.W.; Osborne, M.; Misak, C.;
et al. An Official ATS/AACN/ACCP/ESICM/SCCM Policy Statement: Responding to Requests for Potentially Inappropriate
Treatments in Intensive Care Units. Am. J. Respir. Crit. Care Med. 2015, 191, 1318-1330. [CrossRef]

De-Arteaga, M.; Elmer, J. Self-fulfilling prophecies and machine learning in resuscitation science. Resuscitation 2023, 183, 109622.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/000313482008600106
https://www.ncbi.nlm.nih.gov/pubmed/32077410
https://doi.org/10.1001/jamasurg.2023.6531
https://www.ncbi.nlm.nih.gov/pubmed/38117514
https://doi.org/10.1016/j.afjem.2021.06.003
https://www.ncbi.nlm.nih.gov/pubmed/34703730
https://doi.org/10.7759/cureus.36892
https://www.ncbi.nlm.nih.gov/pubmed/37128537
https://doi.org/10.1177/1559827609335350
https://www.ncbi.nlm.nih.gov/pubmed/20161566
https://doi.org/10.1016/S0140-6736(15)61340-X
https://www.ncbi.nlm.nih.gov/pubmed/26321261
https://doi.org/10.1136/bmjgh-2020-002375
https://www.ncbi.nlm.nih.gov/pubmed/32546586
https://doi.org/10.1080/16549716.2023.2180867
https://doi.org/10.1016/j.afjem.2021.09.001
https://doi.org/10.1097/MCC.0000000000000528
https://doi.org/10.1164/rccm.201505-0924ST
https://doi.org/10.1016/j.resuscitation.2022.10.014
https://www.ncbi.nlm.nih.gov/pubmed/36306959

	Introduction: The Importance of Defining Futility in the Current Blood Product Shortage 
	The Attempt to Define Parameters which Predict Futility in Patients with Polytrauma and TBI: Refining the STOP Algorithm 
	Historical Definitions of Severe TBI in Relation to Transfusion Cut Points and Early Declaration of Futility 
	Defining iTBI, hiTBI, and ptTBI in Relation to Early Declaration of Futility 
	General Definition of Futility in TBI 
	Defining Futility in iTBI 
	Defining Futility in hiTBI 
	Timing of Prediction of Futility in iTBI and hiTBI: Prehospital, ER, OR, and ICU 
	Defining Futility in ptTBI 
	Timing of Prediction of Futility in ptTBI: Prehospital, ER, OR, and ICU 

	The Evolution of Bedside Futility Markers for Hemorrhaging Patients with TBI and Trauma 
	From Clinical Gestalt to Metric-Assisted Gestalt: Addressing Equitable Distribution of Scarce Blood Products during MT 
	Non-Bedside Predictors of Late Mortality for TBI Patients 
	Prehospital and Early Bedside Predictors of Early Mortality in Patients with TBI 

	Proposal to Combine STOP Criteria with the Most Recently Accepted Guidelines for Early WOC of TBI: Adding Palliative Timeout to FTO/TTO 
	Ethical Implications of Defining Early TBI in the Presence of Shock 
	Conclusions 
	References

