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Abstract

Introduction—Rapid thrombelastography (rTEG) has been advocated as a point-of-care test to

manage trauma-induced coagulopathy. rTEG activated clotting time (T-ACT) results become

available much sooner than other rTEG values, thus offering an attractive tool to guide blood

component transfusion in a hemorrhagic shock. We hypothesize that patients with a prolonged T-

ACT require replacement of platelets (Plts) and cryoprecipitate (Cryo) in addition to plasma to

correct trauma-induced coagulopathy.

Methods—A prospective trauma registry was reviewed for patients with an r-TEG available

within 3 hours of injury. Blood was collected via a standardized protocol for rTEG. Patients were

stratified into quartiles: low (T-ACT <113 seconds), mild (T-ACT 113–120 seconds), moderate

(T-ACT 121–140 seconds), and severe (T-ACT >140 seconds). Transfusion requirements were

evaluated during the first 6 hours after injury.

Results—A total of 114 patients were included. Median age was 39 years, injury severity score

20, base-deficit 10, and mortality rate 13%. T-ACT cohorts had similar age (P = .11), injury

severity score (P = .55), and base deficit (P = .38). An T-ACT >140 seconds predicted a lower

angle (median 57 vs 70, P <.000) and maximum amplitude (46 vs 60, P = .002), and patients

received more Cryo (0.5 vs 0, P ≤ .000) and Plts (1 vs 0, P = .006).

Conclusion—Injured patients requiring resuscitation with blood transfusion that have a T-ACT

> 140 seconds are polycoagulopathic and may benefit from early Cryo and Plts.

The bloody vicious cycle of death from trauma-induced coagulopathy (TIC) was described

more than 30 years ago and inspired the concept of pre-emptive fresh-frozen plasma in

civilian trauma centers.1,2 Combat experience in Iraq3 refocused interest in early plasma for

patients at risk for TIC. Subsequently, fibrinogen deficiency4 and platelet (Plts) dysfunction5

have been implicated in TIC, suggesting that pre-emptive fibrinogen (cryoprecipitate) and

Plts transfusions may be important in addition to plasma.
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Thrombelastography (TEG) is superior to conventional laboratory measures for the

assessment of TIC.6,7 Developed in the 1940s, this device allows for identification of the

key phases of coagulation starting from clot initiation through clot propagation and

strengthening and ending with clot degradation. The activated clotting time (T-ACT) in

rapid TEG (r-TEG) represents this initial phase of clot formation. Prolongation of T-ACT

has been associated with increased likelihood of requiring a massive transfusion (MT).8 This

is an appealing point-of-care test because results are available within minutes.

As we have matured our understanding of TIC, phenotypes of bleeding disorders after major

injury are becoming apparent.9 This observation caters to improving patient outcomes by

personalizing trauma care. The success of personalized medicine is dependent on a reliable

and clinically relevant product.10 We therefore wanted to determine the clinical value of T-

ACT to guide early cryoprecipitate (Cryo) and Plts transfusions in patients at risk of TIC.

Our hypothesis is prolongation of T-ACT represents a global coagulation disorder that

would identify patients who will benefit from early product administration beyond plasma to

correct deficient fibrinogen and dysfunctional Plts.

METHODS

Study population

A prospective trauma registry was reviewed for patients with an r-TEG available within 3

hours of injury before the administration of any blood products. Patients were excluded if

they were younger than 18 years of age, had evidence of liver failure, were taking an

anticoagulant, or died within 6 hours of injury. Patient demographics, emergency

department vital signs, and initial laboratory values were obtained from this prospective

registry, which is validated by the hospital trauma data bank. Blood product administration

was prospectively recorded in the same registry. Total blood product administration was

determined during the first 6 hours after injury.

Thrombelastography

Blood was collected from patients in 2.7-mL buffered sodium citrate (3.2%) sample tubes

(Vacutainer; Becton-Dickinson, Franklin Lakes, NJ). Samples were run within 2 hours of

collection. R-TEG assays were recalcified and run according to the manufacturer’s

instructions on a TEG 5000 Thrombelastography Hemostasis Analyzer (Haemonetics Corp.,

Braintree, MA). The following parameters were recorded from the tracings of the r-TEG: T-

ACT (seconds), angle (α, degrees), maximum amplitude (MA, mm), and lysis 30 minutes

after MA (LY30, %). The significance of each aforementioned parameter has been described

previously in the literature.11

Data analysis

TEG parameters were analyzed on all patients, and the Spearman Rho test was used to

determine correlation between TEG parameters. Patients were stratified into quartiles on the

basis of T-ACT using SPSS software visual binning (SPSS Institute, Cary, NC) with equal

percentile cut points. Total blood product transfusions at 6 hours were compared between

groups. The first 6-hour time interval was selected as previous literature supports that the
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majority of transfusions occur during this time,12 and increased plasma/red blood cell (RBC)

ratio during this time may reduce the classic definition of massive transfusion of 10 units

RBC in 24 hours.13 A massive transfusion in our study was considered 10 units or more of

RBC within the first 6 hours.

SPSS software was used for group comparisons, with two-tailed alpha set to 0.05 for

comparisons of statistical significance. Intergroup comparisons were made with independent

median test for continuous variables. Kruskal-Wallis and Mann Whitney U were used for

intergroup comparisons for ordinal data. Follow-ups test for multiple group comparisons

were completed with a Bonferroni adjustment. The χ2 test was used for nominal group

comparisons.

RESULTS

Patient demographics

A total of 114 patients met inclusion criteria. Median age was 39 years, 75% were male, and

37% had penetrating injuries. Median injury severity score was 20 (interquartile range 21),

base deficit of 10 (interquartile range 7), and mortality rate was 13%. T-ACT stratification

by quartile did not have a difference in age (P = .11), injury severity score (P = .55), or base

deficit (P = .38). The T-ACT had a high correlation with angle and MA, but no correlation

with LY30 (Table I). Quartile distributions of T-ACT showed differences in blood product

transfusion within the first 6 hours (Table II). Pairwise comparisons of quartile groups of

follow-up analysis identified the upper quartile (T-ACT > 140) to have the largest

differences in blood product transfusions between groups.

Transfusion requirements

Overall 61% of patients required a transfusion, and 26% required a massive transfusion.

Sixty eight percent of patients with a T-ACT >140 seconds required a transfusion which was

similar to patients with a T-ACT <140 seconds (59%, P = .31). Massive transfusions were

more frequent in the T-ACT >140 seconds cohort but did not reach statistical significance

(37% vs 22%, P = .12). A T-ACT >140 seconds predicted a lower angle (median 57 vs 70, P

< .000) and MA (46 vs 60, P = .002) compared with the lower three quartiles. This result

correlated with the number of blood product transfusions over the first 6 hours. Patients with

a T-ACT >140 seconds received more plasma (4 vs 0, P = .01) Cryo (0.5 vs 0, P ≤.000), and

Plts (1 vs 0, P = .006). The correlation also was seen in the percentage of patients requiring

blood product specific transfusions (Fig 1).

Patient selectivity

Additional stratification of group comparisons based on transfusion requirements (no

transfusion, 1 or more transfusions, or massive transfusion) demonstrated that T-ACT

gained a greater predictive value for identifying depressed angle and clot strength when

applied to bleeding trauma patients. Patients that did not require a transfusion had no

significant difference in angle (59.5 vs 68.6, P = .07) and MA (59.5 vs 62.2, P = .719) when

T-ACT was greater than 140 vs less than. For patients requiring a transfusion angle (48 vs

70, P < .000) and MA (41 vs 57, P < .000) were both reduced in patients with a T-ACT

Moore et al. Page 3

Surgery. Author manuscript; available in PMC 2014 September 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



>140 seconds compared with the lower quartiles. The same pattern was seen in massive

transfusion (angle 44 vs 69.5, P < .000, MA 35 vs 55, P < .000). Perhaps even more

importantly, based off our institutions transfusion thresholds for decreased MA and angle,

an T-ACT >140 seconds in a patient undergoing a MT had 100% positive predictive value

for indication of PLTS and CRYO transfusion based off of initial TEG (Fig 2, A and B).

DISCUSSION

The T-ACT from r-TEG is a rapidly available test with clinical relevance. Previous work

from the Houston group6 and our own14 has shown TEG to have superiority to conventional

labs and provide an early indication for the likelihood of requiring transfusion in trauma

patients.7,8 An T-ACT >140 seconds identifies a patient population who were transfused a

greater number of non–RBC products than patients with lower T-ACT values (Table II). The

San Francisco General group principle component analysis based on soluble clotting factors

has identified this patient phenotype of the polycoagulopathic patients.9 Our recent

component analysis with TEG in massive transfusions has also identified this phenotype that

likely would benefit from Cryo and Plts in addition to plasma during resuscitation. Waiting

for the MA from r-TEG can take up to an hour to identify these patients. Therefore, T-ACT

prediction of depression of both angle and MA is of clinical importance.

The pathophysiology of prolonged T-ACT in r-TEG is not clear. Although conventionally

this portion of the TEG curve has been attributed to soluble coagulation factors,11 we are

beginning to appreciate that Plts and fibrinogen are playing a role. For example, Johansson

et al15 demonstrated that Plts impact the rate of thrombin generation. Plts stored for 7 days

had a hypercoagable effect and decrease the R time (T-ACT equivalent in a nonrapid TEG)

when added to whole blood. The addition of Plts after plasma dilution has the capacity to

compensate for clotting factors, further supporting the role of Plts in clot initiation.16 After

trauma, Plts lose their functionality and may have the opposite effect. Our group using a

functional Plts assay found decreased platelet aggregation early in the post injury phase.5

Plts dysfunction is highly prevalent in trauma patients and associated with increased

mortality independent of Plts count.17 Thus, there is a plausible biologic mechanism for

prolonged clotting time and Plts dysfunction, supporting that patients with a severely

prolonged T-ACT would benefit from a Plts transfusion.

Causality for prolonged T-ACT due to fibrinogen dysfunction is less clear. Fibrinogen

replacement does not improve thrombin generation-like Plts.18 Interestingly, blood diluted

with albumin and saline causing a prolonged clotting time is corrected by replacing

fibrinogen levels; however, dilution using synthetic colloids does not have the same effect.19

The fibrin polymerization interaction with thrombin, fibrinogen, and factor XIII are

impaired by artificial colloids.20 It is plausible that dysfunctional fibrinogen from trauma

may have a similar reticence in initiating fibrin clot, but that is yet to be defined. However,

our data support this mechanism as T-ACT has the greatest inverse correlation with angle

compared with other R-TEG values (Table I).

Patients requiring a transfusion or MT with a prolongation of T-ACT predicted depressed

Angle and MA (Fig 2, A and B). High fibrinogen to RBC ratio has been advocated to
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improve survival during massive transfusion,21 and this concept is more universally adopted

in Europe.4 In the United States, Cryo is infrequently used and in the recent PROMMTT

(prospective, observational, multicenter, major trauma transfusion) trial, there was not

enough to data draw benefit or harm.22 In a large retrospective study, Holcomb et al23 found

an increased ratio of Plts to RBC to correlate with improved survival; however, prospective

data from PROMMTT indicated that few patients receive Plts early during resuscitation and

delaying transfusions beyond 4 hours does not increase survival.24 The 1:1:1 ratio is not the

solution for all massively bleeding trauma patients; survival after penetrating trauma is

inferior used fixed ratios of blood products compared with point-of-care, TEG-directed

resuscitation.25

Limitations

The retrospective nature of this study is reflective of clinician behavior and does not

necessarily represent what the patients should have optimally received. The rTEG

transfusion parameters of our institution were developed from algorithms used from cardiac

and liver transplant surgery. Although our treatment algorithm has been in practice for more

than half a decade, it is becoming increasingly apparent that TIC is distinct from other forms

of coagulopathy. Therefore, these transfusion triggers determined by TEG parameters are

subject to change over time. Patients with a T-ACT >140 seconds who did not receive Cryo

had a greater ratio of plasma to RBC. These patients had roughly 3 extra units of plasma per

Cryo transfusion compared with others in the T-ACT >140 seconds cohort. Interestingly,

this ratio is similar to the expected ratio of fibrinogen between these two products and is

encouraging that the current transfusion triggers are in an effective range. Although it would

appear that greater volumes of plasma correct deficiencies, increasing the number of these

transfusions is associated with multiple organ failure and may not have the most

advantageous results.

Cotton et al8 identified T-ACT >127 seconds as a risk for requiring a MT. In our study we

did not find this correlation, likely because of a different patient population as our study had

more than 4 times the percentage of patients receiving a MT and half the number of patients.

We observed patients who did not require a transfusion lacked the same predictive value of

their T-ACT as patients receiving blood, which demonstrates the importance of selective

patient use of TEG for guiding resuscitation, because bleeding patients TEG parameters

correlate differently from nonbleeding patients (Fig 2, A and B).

In conclusion, Injured patients requiring resuscitation with blood transfusion that have a T-

ACT >140 seconds are polycoagulopathic. These patients may benefit by the addition of

early cryoprecipitate and Plts transfusions during their resuscitation with RBC and plasma.

The identification of unique phenotypes of TIC linked to TEG parameters is a compelling

research agenda. TEG enables rapid results during trauma resuscitation, catering to the first

step in personalized medicine for severely injured patients.
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Fig 1.
Percentage of patients receiving one or more blood product stratified by blood product and

dichotomized by TACT. There was no difference in the percentage of patients receiving

RBC transfusions or MT, but the remaining blood products were transfused more frequently

in patients with a TACT >140 seconds. *P <.05. RBC, Red blood cells (>1 in first 6 hours);

Cryo, cryoprecipitate; Plts, platelets; MT, massive transfusion (10 or more RBCs in 6

hours); T-ACT, TEG-activated clotting time.
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Fig 2.
(A) Difference in maximum amplitude (MA) stratified by transfusion requirement. The

dotted line at 55 represents our institution’s threshold for platelet transfusion. Patients who

did not require a transfusion had no statistical difference in the change in MA with respect to

T-ACT dichotomization. Comparison of patients who received a transfusion or MT showed

decreased MA correlating to prolonged T-ACT. All 11 patients with a T-ACT >140 seconds

and who required an MT had an MA indicative of platelet transfusion. No blood, no

transfusion; Transfusion, patient received >1 unit of red blood cells; MT, massive

transfusion (patients received 10 or more units of red blood cells in the first 6 hours); T-

ACT, TEG-activated clotting time. *P <.01. (B) Difference in angle stratified by transfusion

requirement. The dotted line represents our group’s transfusion threshold for cryoprecipitate.

The same trend was seen with MA as angle. Patients who did not require a transfusion did

not have a difference in angle, whereas patients requiring a transfusion or MT had an

association with prolonged. Again, all 11 patients who required an MT had an angle

indicative of a cryoprecipitate transfusion. No blood, no transfusion; Transfusion, patient

received >1 unit of red blood cells; MT, massive transfusion (patients received >6 or more

units of red blood cells in the first 6 hours); *P < .01.
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Table I

T-ACT correlation with other TEG parameters

Spearman’s rho T-ACT Angle MA Ly30

T-ACT

 Correlation Coefficient 1.000 −0.655* −0.504* 0.025

 Sig. (2-tailed) — 0.000 0.000 0.794

 N 114 114 114 114

Angle

 Correlation Coefficient −0.655* 1.000 0.687* 0.002

 Sig. (2-tailed) 0.000 — 0.000 0.982

 N 114 114 114 114

MA

 Correlation Coefficient −0.504* 0.687* 1.000 0.014

 Sig. (2-tailed) 0.000 0.000 — 0.880

 N 114 114 114 114

Ly30

 Correlation Coefficient 0.025 0.002 0.014 1.000

 Sig. (2-tailed) 0.794 0.982 0.880 —

 N 114 114 114 114

*
Statistically significant.

Bivariate analysis with Spearman’s Rho demonstrates T-ACT has inverse correlation with angle and MA.

Ly30, Lysis at 30 minutes after reaching maximal amplitude; MA, maximal amplitude; T-ACT, activated clotting time in thrombelastography.
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