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Abstract

Background—Post-injury hyperfibrinolysis (HF), defined as LY 30 =3% on rapid
thrombelastography (rTEG), is associated with high mortality and large utilization of blood
products. We observed that some cases of HF are reversible and are associated with patients who
respond to hemostatic resuscitation; whereas, other cases of severe HF appear to be associated
with these patients’ inevitable demise. We therefore sought to define this unsurvivable subtype of
hyperfibrinolysis as a recognizable rTEG tracing pattern.

Methods—We queried our trauma registry for patients who either died or spent at least one day
in the ICU, received at least one unit of PRBCs, and had an admission rTEG. Within this group of
572 patients, we identified 42 pairs of non-survivors and survivors who matched on age, sex,
injury mechanism and NISS. We inspected the rTEG tracings to ascertain if any pattern was found
exclusively within the non-surviving group and applied these findings to the cohort of 572 patients
to assess the predictive value for mortality.
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Results—Within the matched group 17% of patients developed HF. Within the HF subgroup, a
unique rTEG pattern was present in 14 HF patients who died and in none of the survivors. This
pattern was a “diamond-shaped” tracing with a short time to maximum amplitude (TMA) of <14
min and complete lysis before the LY 30 point. Applying these criteria to the 572 unmatched
patients, this pattern had a 100% positive predictive value for mortality.

Conclusions—Patients displaying the “black diamond” pattern on their admission rTEG are at
higher risk for mortality. Given the volume of blood products and other resources that these
patients consume, this TEG pattern may represent an objective criterion to discontinue efforts at
hemostatic resuscitation.

Keywords

hyperfibrinolysis; mortality; thrombelastography; trauma induced coagulopathy; hemorrhagic
shock

Background

Post-injury hyperfibrinolysis (HF), defined as LY 30 =3% on rapid thrombelastography
(rTEG), is associated with high mortality and large utilization of blood products.(1, 2) While
studies such as CRASH-2 and MATTERs have focused much attention on the treatment of
HF with antifibrinolytic agents such as tranexamic acid (TXA), it remains unclear whether
pharmacological reversal of HF is beneficial.(3-12) Fundamental to answering this question
is the resolution of a long standing ambiguity of causality in trauma induced coagulopathy
(TIC) and massive hemorrhage (MH). The question is whether patients die from
coagulopathic bleeding, with the implication that reversal of this coagulopathy may be life-
saving, or whether patients that are in the process of dying from irreversible hemorrhagic
shock exhibit their physiologic exhaustion, in part, as an upregulation of fibrinolysis in a last
desperate effort to maintain microvascular patency. (13) This conundrum of causality is best
summed up as the dilemma: “Are they dying because they are bleeding, or bleeding because
they are dying?” (14, 15)

This question is particularly appropriate in patients with TIC, when advanced HF is
observed. HF is theoretically treatable using TXA, but severe HF is a strong predictor of
mortality and may be a biomarker for irreversible processes leading to inevitable death.(1, 2,
7, 16) Moreover, patients with HF are far more likely to receive a massive transfusion (MT)
than other patients of similar severity, and therefore concerns about resource utilization bear
significantly on how best to treat these patients, particularly if resource-intensive attempts at
hemostatic resuscitation of these patients ultimately prove futile. (1, 2, 7, 15-18)

An alternative school of thought maintains that today's definition of “unsurvivable” merely
defines a new clinical challenge, that will evolve into tomorrow's “great save”. From this
viewpoint, the presence of biomarkers of highly lethal pathophysiology may in fact
represent a rational basis for attempting “heroic” measures to salvage the patient, such as
emergent cardiopulmonary bypass, resuscitative thoracotomy, or resuscitative balloon
occlusion of the aorta (REBOA). As such, the identification of early, reliable, and objective
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indicators of high-lethality forms of physiologic decompensation would be of great clinical
utility in the setting of trauma resuscitation.

We have observed that some cases of HF are reversible by intervention and are associated
with patients who respond to hemostatic resuscitation; whereas, some cases of severe HF
appear to be associated with these patients’ inevitable demise. We have further observed a
wide variety of qualitatively distinct tracing morphologies on the thrombelastogram (TEG)
of HF patients. We therefore hypothesized that there is a highly-lethal subtype of HF, and
that this subtype would be typified by a recognizable TEG tracing pattern.

Study Design

Patients

We conducted a retrospective cohort study to derive TEG-based diagnostic criteria related to
HF and predictive of death, and then applied these criteria to a larger group of patients to
validate them. The first (derivation) phase of the study was a nested case control analysis
performed on a subset of trauma patients, pairing survivors with non-survivors and matching
them according to age, sex, injury mechanism and new injury severity score (NISS). The
second (validation) phase of the study was based upon analysis of the entire patient set.

We queried our trauma registry in a deidentified manner for all patients admitted to our level
1 trauma center from 2009-2014 who met the following criteria: either died or spent at least
one day in the ICU, received at least one unit of PRBCs, and had an admission Rapid TEG
(R-TEG). Patients who were under the age of 18 or who were transferred from other
facilities were excluded. Within this group of 572 patients, we identified 42 pairs of non-
survivors and survivors who matched on age, sex, injury mechanism and NISS, for use in
the derivation portion of the study. Also included in this prospective database were: survival
time, admission R-TEG results, injuries, operative interventions, blood component
transfusions and hemostatic pharmaceutical administration; within the first six hours from
injury.

Analysis of R-TEG

Admission R-TEG tracings for the initial group of 42 patients pairs were visually inspected
to ascertain if any pattern of R-TEG was found exclusively within the non-surviving group.
R-TEGs were run in our clinical laboratory (as part of the routine standard of trauma care)
on uncitrated samples within 4 minutes of collection and activated with the R-TEG reagent
(consisting of tissue factor and kaolin) in accordance with the manufacturer's instructions
(Haemonetics LLC, Boston, MA, USA). The standard TEG tracing parameters (activated
clotting time [ACT], alpha angle, maximum amplitude [MA] and LY 30) related to clot
initiation, clotting Kinetic, final clot strength and clot lysis, respectively, were reported.
Patients were initially classified with respect to the LY30 TEG parameter, which reports the
degree of clot lysis at 30 minutes after the attainment of maximum clot strength/TEG
amplitude (MA). Patients with an LY 30 =3% were classified as having HF, in accordance
with our previous work (1, 16). Further observationally-derived metrics of various portions
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of the TEG curve were then analyzed to provide a more detailed description of the TEG
tracing shape within this group. TEG tracing features unique to the non-survivor cohort were
then applied to the entire group of 572 patients for validation of their prognostic value for
death.

Statistical Methods and Matching

Matching was performed with the SAS statistical software package (SAS Institute Inc. ,
Cary, NC, USA). Matching was conducted with 10 unit wide bins for age and NISS and an
exact match for sex and injury mechanism (blunt or penetrating). Other statistical analyses
were performed using GraphPad Prism v.6.0f for Mac OSX (GraphPad Software, La Jolla
California USA). Groups were compared using a two-tailed Mann-Whitney test. Binary
contingency tables were analyzed with the Fishers exact test. Goodness of binary outcome
prediction by continuous variables was reported as the area under the receiver operating
characteristic curve (AUROC) with a 95% confidence interval (CI).

Results

Derivation Phase (Matched Patients)

42 pairs of non-surviving patients were able to be matched by gender, age and NISS with
survivors. There were 35 males (83%) and 11 penetrating injuries (26%) in each group.
Median ISS in this nested subset was 49 (IQR 29-59), with a median of 50 (IQR 29-59) in
the non-survivor group and 48 (27-57) in the survivors. Median age was 42 years, overall
(IQR 27-57), with a median of 42 (IQR 28-58) in the non-survivors and 40 (IQR 26-57) in
the survivors.

LY30 was not significantly different between the non-survivor and survivor groups (0.25%
versus 0.05%, IQR 0-0.95% versus 0-12.75%, p=0.08). ACT was significantly higher (144
seconds, IQR 128-194) and alpha angle and MA were significantly lower in the non-
survivor group at 63.6 degrees (IQR 44.8-71.4) and 49.4 mm (IQR 27.6-61.2) versus 121
seconds (IQR 113 -144), 70.8 degrees (IQR 60.6-75.6) and 57.8 mm (IQR 50.4-64.1 mm)
for survivors, respectively (p=0.0002, 0.02, and 0.001) (Figurel) . Thus, LY30 was not an
effective predictor of mortality with an AUROC of 0.61 (95% CI 0.48-0.72), and ACT,
alpha angle and MA were all weak predictors of mortality with AUROCs of 0.73 (95% ClI
0.62-0.84), 0.65 (95% 0.53-0.77), and 0.70 (95% CI 0.59-0.82), respectively.

The only qualitatively unique feature of the TEG tracings within the non-surviving group
was fibrinolysis that went to completion (i.e. returned of the TEG tracing to baseline
amplitude) by the L'Y30 point at which the tracings terminated (100% specificity and
positive predictive value for death). This pattern was present in 7 (17%) of 42 non-survivors.
We describe this characteristic as the time to total lysis (TTL) measured from MA. TTL was
a median of 12 minutes (IQR 5-20) in the patients displaying total lysis, and is undefined in
patients without complete lysis by termination of the assay (at LY 30, by definition).
Notably, the time to MA (TMA) was <14 minutes in all the tracings with complete lysis,
compared to a reference interval of 18.5-22.0 minutes.
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Validation Phase (Unmatched Patients)

Within the 572 unmatched patients produced by our trauma registry query, 122 (21.3%)
died. Overall, in the non-survival cohort, the incidence of HF was 25.4% (31 of 122),
compared to 12% (54 of 450) for survivors, with a positive predictive value for death of
36% for HF alone. Applying the one unique TEG tracing characteristic associated with
death in the matched subset (TTL before LY30), presence of this pattern had a positive
predictive value of 95.2% (20 deaths, 1 survival). Restricting the analysis to those with a
TMA <14 and a TTL <30 yielded a positive predictive value of 100% (14 deaths, no
survivors). This pattern of steep rise to MA and rapid collapse to baseline, we dubbed the
“black diamond” (figure 2).

Median blood product utilization in the “black diamond” group (100% mortality, n=14) was
17 units (IQR 13-38) of packed red blood cells (PRBCs) and 6 units (IQR 3-10) of fresh
frozen plasma (FFP) with 36% of these patients also requiring platelet and cryoprecipitate
transfusion, 43% receiving antifibrinolytic agents and 14% receiving recombinant factor VII
concentrate. Within the larger TTL <30 group (95% mortality, n=21) median PRBC
consumption was 16 units (IQR 10-42), FFP was 6 units (3-17) with 62% requiring platelets,
43% requiring cryoprecipitate, 33% receiving antifibrinolytics, and 14% receiving factor
VII.

In contrast, in all HF patients without complete fibrinolysis (17% mortality, n=64) median
PRBC consumption was 4 units (IQR 1-9), FFP was 2 (IQR 0-5), with 38% requiring
platelets, 30% requiring cryoprecipitate, 5% receiving antifibrinolytics, and 3% receiving
factor VII. In all non-HF patients (19% mortality, n=487) median PRBC utilization was 4
units (IQR 2-8), FFP 2 units (IQR 0-4). Seetable 1.

Median survival time in the 100% mortality “black diamond” group was 2 hours (IQR
1.75-4.75) with two outliers that lived beyond 1 day at 2 days and 4.5 days. The one
survivor in the TTL<30 group had a transecting iliac artery injury, which was rapidly
controlled.

Discussion

Patients presenting with the hallmark “black diamond” pattern of early MA and rapid total
lysis on their TEG tracing are nearly certain to die of their injuries despite the most vigorous
resuscitative efforts. Comprising only 2.4% of the patients in this study, patients with the
full “black diamond” pattern of TMA <14 minutes and TTL <30 minutes, which was 100%
predictive of death, consumed an average of nearly four times as many units of blood
products (approximately 36 in total) as surviving patients, despite generally surviving less
than 4 hours from the time of injury. Interestingly, some “black diamond” patients (four of
14) died later than 12 hours after injury (up to almost 5 days in one case). Clearly these
patients did not merely exsanguinate, and this fact argues that the “black diamond” TEG
pattern is a biomarker for an irreversible pathophysiology that inevitably results in death.

Patients with less rapid attainment of MA, but still with the pattern of TTL<30 minutes
represent a group which, in certain instances, may be salvageable. In addition to the one
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such patient detected in this study, we uncovered three other similar cases of survival, that
were excluded from this current study: two who were excluded as transfers from other
institutions, and one who was enrolled in another active study, after this database query.
These survivors shared a similar mechanism of penetrating cardiac or large vessel injury,
which was rapidly controlled in the emergency department.

As there is proven benefit for a small number of patients of rapid renormalization of blood
pressure (in controllable cardiovascular injuries) the utility of highly aggressive resuscitation
efforts in a other “black diamond” patients may be inferred. While the “black diamond”
may, in most cases, be an indicator of an eventual inevitable death, that fact is not
synonymous with futility. Our findings suggest that the “black diamond” TEG pattern is
associated with dismal outcomes, but we regard this as a spur toward earlier and more
aggressive hemostatic resuscitation. The presence of “black diamond” physiology may in
fact represent an objective criterion for the initiation of “heroic” measures to salvage the
patient, such as emergent cardiopulmonary bypass, resuscitative thoracotomy, or REBOA.

While the authors favor an aggressive approach to these patients, given the massive
consumption of resources by patients presenting with the “black diamond” pattern, there
may be situations where futility of resuscitative efforts should be considered. For example:
in mass casualty scenarios, battlefield injuries or in other austere environments, detection of
this TEG pattern may warrant re-triage from the critical to expectant category, particularly if
the patient does not have an isolated and controllable cardiovascular injury.

While it is premature to recommend (on the basis of a single study) that resuscitative efforts
should be discontinued based upon the results of a single hemostatic assay, this concept is
analogous to the now accepted restriction of resuscitative thoracotomy to patients whose
injury pattern predicts at least some hope of success. Therefore, in controlled situations
where a single patient can be the focus of the full resources and staff of a dedicated trauma
center, the approach to patients presenting with the “black diamond” TEG pattern should be
extremely aggressive, given the extreme threat to life that this TEG pattern heralds. It could,
however, be reasonably argued that if mechanical control of bleeding has been achieved, and
the patient has received a large volume of blood products, and the TEG pattern has failed to
improve that the patient may be deteriorating into a state of irreversible physiologic
exhaustion of which failure of their hemostatic system is an easily detectable manifestation.

Thus, in order to develop firm clinical guidelines, the response to hemostatic resuscitation of
patients exhibiting these extremely morbid TEG patterns, is in urgent need of prospective
study. Moreover, studies of very early intervention with hemostatic resuscitative agents are
needed to help define the temporal point in relation to injury at which the “black diamond”
truly becomes irreversible.

Finally, it is worth considering the importance of the “black diamond” patients as a distinct
subcategory of TIC, for the purposes of studying the utility of antifibrinolytic agents. If the
specific reversal of HF is intrinsically beneficial, then the “black diamond” population
would be the most likely to show a signal for improvement of survival, and given the
overwhelming likelihood of their eventual demise, the “black diamond” population is
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unlikely to be harmed by this intervention. However, it may well be, that in the more general
case of HF, that tPA elaboration is a natural consequence of severe hemorrhagic shock and
is, in fact, a protective adaptive response aimed at maintaining the patency of the
microcirculation and reducing shunting in low flow states.(19-21) If this is the case, the use
of antifibrinolytics may be deleterious, and may only serve to obscure an important
biomarker (systemic HF) for microcirculatory failure and tissue hypoperfusion. In this
manner, antifibrinolytics may deprive the trauma surgeon of a useful readout of the
effectiveness of their resuscitative efforts (i.e. the reversal of systemic HF by return of
microcirculatory flow), in much the same way that wanton use of acetaminophen may
confound an attempt to determine and treat the root cause of a fever, by normalizing the
patient's temperature without treating the underlying cause. Comparison of the outcomes of
antifibrinolytic therapy in the “black diamond” population versus the more general
population with HF may offer important insights into the mechanism of action and utility of
antifibrinolytics in TIC.
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Figure 1. Conventional Thrombelastography (TEG) Parametersin Matched Subset of Survivors
and Non-Survivors

Values of the conventional TEG parameters LY30, ACT, alpha angle and MA overlap
greatly when dichotomized between those patients that lived and those that died of their
injuries. While elevated LY 30 is a known predictor of mortality, LY 30 in the non-surviving
group of the matched subset was not significantly different from that of survivors.
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1

Figure 2. Unsurvivable ver sus survivable hyperfibrinolysis
Both TEG tracings pictured show profound and dangerous hyperfibrinolysis, but the “death

diamond” pattern on the left, with a rapid rise to maximum amplitude (MA) in 14 minutes or
less, paired with rapid total clot lysis (time to total lysis [TTL] <30 minutes from MA) was
universally lethal in this study. The TEG tracing on the right with incomplete lysis by 30
minutes after MA belonged to a patient who survived.
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