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The thromboelastograph (TEG  ® , Haemonetics Niles, IL) 
analyzer is a viscoelastic point of care device that defines 
abnormalities in the mechanisms of thrombus initiation, 
amplification, propagation, and termination. The TEG ®  
parameters and their normal ranges are noted in  Table 1             
(1). In conjunction with plasma based testing such as the 
international normalized ratio (INR), prothrombin time, 
and the partial thromboplastin time, blood products can be 
given in a “goal directed” fashion in the trauma patient 
(2–4). With the addition of the platelet-mapping assay, the 
technology can also assess platelet function and dysfunction 
in trauma (5). However, the instrument’s use in trauma has 

not been appreciated until recently. Several studies have 
demonstrated that TEG ®  analysis can detect early changes 
in the coagulation of trauma patients and therefore may 
help transfusion management (2–5). The challenge of the 
clinician is to balance the risks of transfusion with the risk 
of a thrombotic event associated with trauma (1). 

 Perfusionists have traditionally performed TEG ®  mon-
itoring during cardiac surgery and are a logical resource 
to perform and interpret the test during trauma (6). The 
division of labor in the emergency department and the 
operating room mandates that the emergency physicians, 
surgeons, and anesthesiologists multitask as they care for 
the patient in the immediate resuscitation phase in the 
emergency department and operating room   . Attention to 
these duties can be facilitated by consultation with the per-
fusionist during the crucial resuscitation phase. 

 The choices of fluids and the ratio of blood products 
given during trauma resuscitation have changed recently 
and require monitoring of physiologic parameters that 
include the TEG ®  (4). These changes have challenged the 
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established recommendation from the American College 
of Surgeons Advanced Trauma Life Support (ATLS) 
guidelines that two liters of crystalloid be given prior to 
the administration of blood products in the hypotensive 
trauma patient (7,8). These guidelines for initial resusci-
tation are being replaced with a strategy of “hemostatic,” 
also referred to as “damage control,” resuscitation. This 
protocol recommends an approximate 1:1:1 red blood 
cell to plasma to platelet ratio with minimal administra-
tion of crystalloids in unstable trauma patients requiring 
transfusion. This damage control resuscitation strategy 
has been tested in the battlefields of Iraq and Afghanistan 
for resuscitation of soldiers in hemorrhagic shock due to 
penetrating injuries as well as in the civilian population of 
massively transfused trauma patients (3,8). This aggressive 
method of resuscitation of the trauma patient requires the 
early detection of coagulopathies so that blood component 
therapy (BCT) may be undertaken judiciously (2,4,8–10). 
Despite the recent enthusiasm for such pre-emptive coagu-
lation factor replacement in the multiple trauma patients 
who require BCT, the lack of real time assessment and 
therefore the early treatment of traumatic coagulopa-
thy has hindered the widespread adoption of the TEG ®  
as a means for guiding BCT in the setting of trauma. This 
absence of a clear methodology for the performance and 
reporting of the TEG ®  at the bedside in a fashion that 
allows for real time monitoring of the need for blood com-
ponents has been cited in the literature as an impediment 
to its adoption in the trauma setting (4). In an attempt to 
address these problems of real time performance and inter-
pretation, some trauma centers have installed a large com-
puter screen in the trauma operating room in an attempt 
to provide real time TEG ®  guided goal directed blood 
component therapy and also have used the rapid TEG ®  or 
rTEG ®  in an attempt to provide information more quickly 
(4). Also, there is concern for the administration of large 
volumes of fresh frozen plasma and platelets without labo-

ratory confirmation of their necessity (4). The early pres-
ence of a perfusionist at the bedside both in the emergency 
department (ED) and the operating room (OR) and post 
operative period in trauma cases can help guide BCT and 
address this problem. 

 We describe our experience at a Level II trauma cen-
ter in a community teaching hospital where perfusionists 
and physicians collaborate in the management of blood 
components in a “goal- directed” fashion driven by clini-
cal and laboratory parameters, including TEG ®  monitor-
ing. The following examples illustrate the usefulness of 
TEG ®  analysis and the role of the perfusionist in perform-
ing the analysis, interpreting the results, and collaborating 
with physicians and basic scientists regarding transfu-
sion management. Institutional Review Board    approval 
was obtained for presentation of the cases. 

   Implementation of TEG  ®  -Directed Massive Transfusion 
Protocol (MTP) 

 The MTP consists of a transfusion package of one unit of 
packed red blood cells (PRBC), fresh frozen plasma (FFP), 
and platelets approaching a ratio of (1:1:1). This transfusion 
package reflects the experience of Holcomb and others in 
wartime and civilian situations (3,7–10). TEG ®  monitoring 
is initiated as soon as a blood sample can be obtained once 
a seriously injured patient arrives in the trauma center. 
After initiation of the protocol, a blood bank technician 
is dispatched to the resuscitation site emergency depart-
ment, surgery, or intensive care unit to facilitate the deliv-
ery and to maintain the inventory of blood components. 
Two units of thawed FFP are available at all times near 
the ED for every Level I (highest) trauma activation. This 
practice has evolved to a transfusion protocol nearer to a 
1:1:1 PRBC to FFP to platelet ratio for all trauma patients 
who require BCT. Once the trauma patient is determined 
to be a candidate for the MTP by meeting established 
criteria, the patient is type and crossed and immediately 

 Table 1.   TEG ®  parameters and correlations to the phases of clot formation. 

Parameter Normal Values Indication

R 4–8 minutes Reflects initiation and the enzymatic phase of coagulation from the time of clot formation to the 
detection of initial fibrin strand formation

K 0–4 minutes Measure of time from beginning of clot formation until the curve reaches arbitrary amplitude of 
20 mm. Reflects amplification and kinetics of clot formation and fibrin cross linking.

α 47–74 degrees Slope of the curve drawn as a tangent from the beginning of clot formation until 20 mm elevation.
Evaluation of propagation of the clot and fibrin cross-linking. Correlates with K.

MA 54–72 mm Strength of clot due to platelet-fibrin bonding, dependent on number and function of platelets.
LY 30 0–8% Reflects the rate of fibrinolysis by measuring the rate of amplitude reduction 30 minutes after 

establishment of the MA. Reflects termination.
INR .8–1.2 International normalized ratio.
PT 8.7–10.8 Prothrombin time. Measures functionality of extrinsic and common pathways of the coagulation 

cascade.
aPTT 24.8–35.7 Activated partial thromboplastin time. Measures functionality of intrinsic and common 

coagulation pathways

    PT, prothrombin time; aPTT, activated partial thromboplastin time.  
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 transfused 6 units of O negative or O positive PRBC until 
type specific and cross matched blood is available, as well as 
6 units of FFP and one single donor (SD) apheresis plate-
lets. Calcium is given with the first round of blood products. 
During this period, a complete plasma based coagulation 
diagnostic profile is ordered. Further BCT is guided by 
clinical indicators as well as the TEG ®  and other labora-
tory parameters. See  Table 2                . 

 Integral to the evolution of this transfusion protocol 
is the staff cardiac surgery perfusionist’s availability. The 
MTP was revised to include the early paging of the perfu-
sionist on call. This approach has increased the perfusion-
ist’s role in trauma to that of a central consultant for all 
trauma cases requiring massive transfusion. 

   Diagnosis and Treatment of Occult Coagulopathy 
Caused by Platelet Antagonist and Primary Platelet 
Dysfunction of Trauma 

 Platelet dysfunction can occur in the trauma setting (11), 
and in particular, in that population taking anti platelet 
agents. Often, the patients are unaware or unable to give 
the history of taking these agents and platelet mapping can 
determine the need for platelets despite a normal platelet 
count. A 68-year-old male was involved in a motor vehicle 

crash where he was a restrained driver struck on the driv-
er’s side. He was seemingly uninjured from the crash and 
walked home. However, he fainted at home and the para-
medics found the patient hypotensive and in shock. The 
patient’s hemoglobin and platelet count were normal but 
his blood pressure was 90/60. A nondisplaced pubic ramus 
pelvic fracture was found with a disproportionately large 
pelvic hematoma on a computerized tomography of the 
abdomen and pelvis. This subtle fracture with a large clot 
led the emergency physician to order a TEG ®  with plate-
let mapping. The TEG ®  revealed no abnormality. However, 
there was significant inhibition of platelets to arachidonic 
acid (96.6%) and adenosine diphosphate aggregation 
(95.7%). Despite the normal platelet count, the patient 
was transfused two SD apheresis platelets and taken to 
interventional radiology where the bleeding pelvic vessels 
were coiled to secure cessation of bleeding. Once recov-
ered from shock the patient was able to recall that he had 
been taking aspirin that could explain the arachidonic 
acid inhibition, but not the    adenosine diphosphate inhi-
bition that could be explained by the traumatic shock of 
hemorrhage (1,5,11). Although there are published guide-
lines for thresholds for platelet counts during trauma and 
surgery (9), there are few studies concerning the effect 

 Table 2.   Massive transfusion protocol. 

Clinical Triggers (2 or more) Heart rate > 120 bpm
Systolic blood pressure < 90 mmHg
Base deficit > −6
Positive focused abdominal sonography in trauma
Positive computerized tomography
Difficult to control hemorrhage
Transpelvic/multi-cavity gunshot wound
Physician discretion

OR charge nurse to notify perfusionist on call for TEG ®  and platelet-mapping

Call blood bank to activate MTP

Draw baseline labs (as needed) Type and cross STAT
Complete blood count
PT/PTT
Fibrinogen
Lactic acid
Draw and hold extra green- and blue-top tubes for perfusionist

MTP Packs Administer products by infuser/warmer except as noted

Pool Number RBC Plasma Platelets (not warmed) Cryo (not warmed) CaCl
1 6 6 1 0 1g
2 6 6 1 0 1g

Further transfusion guided by TEG ® 

Consider Factor VIIa early if pH > 7.20 (Dose 90 mcg/kg IV)

Order labs I-stat 8+ 
Complete blood count 
PT/PTT 
Fibrinogen 
FDP/D-dimer and platelet function assay 100 as indicated 
Magnesium 
(at 30 minutes then q 60 minutes while MTP is active)

Repeat TEG ®  and platelet mapping per perfusionist/physician recommendation

    PT, prothrombin time; PTT, partial thromboplastin time; FDP/D, Fibrinogen Degradation Production   .  
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of trauma on platelet function or an established proto-
col for evaluating patients for platelet dysfunction dur-
ing the coagulation screening of the trauma patient (5,11). 
With the increasing use of platelet antagonists in the aging 
trauma population, occult platelet dysfunction in trauma 
patients is likely to be more frequently diagnosed and 
require treatment. 

   Persistent Bleeding Due to Mechanical Bleeding 
Requiring Reoperation—The Diagnostic Value of 
Normal TEG ®  

 An elderly patient on warfarin because of atrial fibril-
lation had persistent bleeding following soft tissue injury 
due to a ground level fall that caused a compartment syn-
drome of the thigh. After correction of the INR with FFP, 
there was continued bleeding. FFP was used because at this 
time Prothrombin Complex Concentrate was not avail-
able. Three subsequent TEG ®  tracings were normal, sug-
gesting a mechanical cause for the bleeding (12) ( Figure 1  ). 
Cessation of the bleeding occurred after reoperation that 
revealed continued arterial and venous bleeding. This case 
confirms that a normal TEG ®  tracing has a high predictive 
value of mechanical bleeding (12). 

   TEG ®  Guided Factor rVIIa Administration 
 The patient had severe closed head injury with large 

scalp laceration, bilateral hemothoraces, pulmonary con-
tusions with adult respiratory distress syndrome, grade II 
splenic injury, grade I liver laceration, left adrenal hema-
toma, large retroperitoneal hematoma, gluteal and puden-
dal artery hemorrhage, pelvic fracture, bladder rupture, 
and left femur fracture following a motor vehicle versus 
pedestrian crash. Surgical procedures included scalp clo-
sure, liver laceration repair, splenectomy, bladder repair, 
and intraoperative ligation of the left superior gluteal and 
pudendal arteries with subsequent open reduction and 
internal fixation of the left femur fracture. During the ini-
tial damage control surgery, there was continued bleed-
ing in spite of aggressive damage control resuscitation 
with institution of the MTP. The TEG ®  revealed a diffuse 
coagulopathy with an reaction time (R) of 8.3 minutes, 

clot formation time (K) of 7.2 minutes, alpha angle of 
37.6 degrees, and an maximum amplitude (MA) of 30.4 mm   . 
Because of the patient’s failure to respond to MTP and 
damage control surgery the surgeon ordered a single 
dose of 90 μg/kg rFVIIa. Within a few minutes of infusion 
there was cessation of bleeding. Repeat TEG ®  analyses 
revealed an improvement in the coagulopathy with a nor-
mal R, K, alpha angle and a reduced but improved MA of 
38.3 mm. Following the MTP protocol, 29 units of PRBC, 
three apheresis platelets, six units of FFP, and six units of cry-
oprecipitate were administered in the ED and the OR within 
4 hours, a clear indication for MTP (8). Because of the fail-
ure to respond to the MTP and the persistence of shock 
due to bleeding with a globally abnormal TEG ® , rFVIIa 
was administered. This patient’s case exemplifies the utility 
of the TEG ®  in guiding BCT resuscitation during surgery 
and the concomitant use of rFVIIa therapy for a patient 
with a very high Injury Severity Score of 57 that correlates 
with mortality at 85% (the highest ISS of 75 correlates with 
100% mortality) (13). This patient’s clinical condition met 
criteria for administration of rFVIIa that is not effective if 
administered too late to patients in profound shock (14). 

   TEG ®  Directed Hemostatic Resuscitation for Penetrating 
Injuries or Traumatic Brain Injury Resulting in Survival 
for Organ Donation 

 A 17-year-old male presented to the ED in asystole after 
a stab wound of the innominate artery. Immediate dam-
age control resuscitation resulted in return of spontaneous 
circulation in the ED after eight units of PRBC and two 
units of FFP. The patient was transferred to the OR for sur-
gical repair of the artery. The initial TEG ®  tracing in the 
OR was abnormal for all parameters and was corrected 
with the perfusionist’s assistance using a TEG ®  guided 
algorithm during the surgery. The patient received a total 
of 25 units of PRBC, 19 units of FFP, two SD apheresis 
platelets, and six units of cryoprecipitate ( Figures 2   and  3  ). 
Normalization of hemostasis and stabilization of vital signs 
preceded brain death due to prolonged cerebral hypoxia 
prior to resuscitation. However, immediate damage control 

  Figure 1.     Eighty-eight-year-old after first surgery for compartment 
syndrome has normal INR and normal TEG ®  tracing. A re-operation was 
prompted by normal TEG ®  tracing, indicating a mechanical bleed, which 
was found and repaired at re-operation.    

  Figure 2.     Innominate artery laceration. Asystole in emergency 
department; eight units of PRBC, two units of FFP in ED. Fibrinolysis 
was not treated with antifibrinolytic agents since the source of the 
coagulopathy was the bleeding vessel and control of hemorrhage 
imminent.    
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resuscitation, quick repair of the vessel, and post-surgical 
stabilization with a simple algorithm based TEG ®  guided 
blood component protocol allowed survival and time for 
discussion of organ donation with the family, resulting in a 
donation of seven organs (Table 3). 

 This example illustrates the TEG ® ’s utility in assisting 
in the resuscitation of otherwise moribund patients, whose 
continued resuscitation depends on family wishes for organ 
donation. This cases also demonstrates resolution of fibrin-
olysis with goal directed MTP resuscitation and surgical 
control of hemorrhage. 

 A victim of gunshot wound to the cerebellum revealed 
abnormal pre-operative TEG ®  values for the R, K, a, and 
LY 30% indicating a profoundly hypocoagulopathic state 
with fibrinolysis. The patient underwent TEG ®  guided 
resuscitation until the TEG ®  tracing was normalized. 
Unfortunately, he progressed to brain death, but eight 
organs were donated for transplantation after discussion 
with the family. This patient’s care represents the goal of 
our protocol, which is to save the life first through aggres-
sive resuscitation. Since cerebellar bleeds respond to rapid 
evacuation, there was a good chance for survival of this 
patient, particularly since he was alert in the ED prior to 
decompensation. This case affirms that organ donation is a 
secondary goal after saving the patient’s life. 

    DISCUSSION 

 These examples provide a view into how a trauma team 
implements TEG ®  analysis for trauma patients. We treat 
these coagulopathies using an adaptation of the TEG ® -
based algorithm developed by Shore-Lesserson et al. for 
directing BCT during cardiac surgery ( Table 3           ) (6). Other 
algorithms have been published for titrating blood com-
ponents and factor rVIIa with the guidance of the TEG ®  
and clinical information (2,15,16). Our algorithm does not 
correlate specific numbers of units of blood components 
to specific changes of the TEG ®  parameters, but rather 
defines the threshold TEG ®  value that will trigger the 

administration of PRBC, FFP, platelets cryoprecipitate, or 
rFVIIa. This approach allows the clinician more flexibil-
ity in the administration of blood products and conforms 
to the fluid nature of trauma resuscitation where frequent 
re-evaluation is important for patient survival. 

 The common uses of the TEG ®  in trauma are in guiding 
MTP, diagnosing platelet dysfunction in trauma patients 
with and without previous exposure to platelet antagonists, 
the diagnosis of mechanical bleeds with normal TEG ® s, 
and assisting in guiding the administration of rFVIIa. For 
example, the presence of unanticipated pelvic bleeding in 
the elderly patient with a subtle pelvic fracture alerted the 
emergency physician to a diagnosis of platelet dysfunc-
tion caused by undetected previous platelet antagonists. 
Where unexplained bleeding continues, a normal TEG ®  
may direct the surgeon toward exploratory surgery, such 
as in case of the patient with atrial fibrillation on warfa-
rin whose coagulopathy was corrected properly and who 
had three normal TEG ® s before the surgeons took the 
patient back to surgery to find a mechanical cause of the 
bleeding. 

 The advantage of the TEG ®  in guiding the use of rFVIIa 
has been noted in the literature as in the case of the patient 
who suffered multiple life threatening injuries unrespon-
sive to standard MTP damage control resuscitation who 
benefited from the addition of the TEG ®  to guide the intra-
operative resuscitation of the patient (14). The above men-
tioned examples demonstrate that the TEG ®  with platelet 
mapping can be helpful in the early recognition and treat-
ment of trauma induced coagulopathy in a “goal directed” 
fashion confirming the experience of others in the trauma 
community who have found a coagulopathy in 25–35% of 
patients arriving with multiple trauma to the emergency 
department (4,8,17,18). 

 TEG ®  analysis also allows the conservation and judi-
cious use of blood products earlier in cases that are clini-
cally deemed futile, as with patients who donated organs 
who require blood products while waiting for organ dona-
tion (19). 

  Figure 3.     Innominate laceration after repair. Total BCT 25 units of 
PRBC, 19 units of FFP, 1450 cc auto transfusion, six units cryoprecipitate, 
and two single donor apheresis platelets. Fibrinolysis corrected without 
use of antifibrinolytic agent. Outcome: Seven organs donated.    

 Table 3.   Algorithm for thromboelastographic-guided blood 
component therapy   .* 

TEG ®  Abnormality Blood Component Therapy

Prolonged R Fresh frozen plasma
Prolonged K and/or reduced a angle Cryoprecipitate
Low MA Platelets consider DDAVP
Elevated LY 30% Consider antifibrinolytics

  *  Address other etiologies of coagulopathy: hypothermia, acidosis and 
continued hemorrhage, hypocalcemia, and dilution. Consider early 
surgery and 1:1:1 PRBC, FFP, platelets for damage control resuscitation 
and rFVIIa. Look for combined and occult causes of coagulopathy and 
primary fibrinolysis.  
MA, maximum amplitude; LY, percent clot lysis at 30 minutes; DDAVP, 
1-desamino-8-D-arginine vasopressin.
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 Routine use of TEG ®  analysis has not yet been adopted 
in most trauma centers. To date, 10 studies involving more 
than 700 patients have evaluated the viscoelastic point of 
care hemostatic assays such as the TEG ®  in trauma (18). 
TEG ®  analysis can predict BCT and mortality in multiple 
trauma patients as well as anticipate hyper and hypocoagu-
lable states (5,20). 

 A limitation to the widespread adoption of this technique 
in small or large trauma centers has been attributed to a 
lack of standardization, quality control, and consistency of 
TEG ®  analysis by non-laboratory personnel who perform 
and interpret the TEG ®  (14). The applicability of the TEG ®  
is made difficult given the need for prompt correction of 
coagulopathy. The early involvement of the perfusionist in 
BCT management is our attempt to address this concern 
for real time analysis of hemostasis in trauma that has been 
attempted by others with prehospital collection of blood 
samples in trauma patients and the use of the computerized 
kaolin and  rapid TEG ®  tracings in the OR (4,5). Another 
limitation that has not been cited in the literature is the 
failure of the trauma community to assign a member of the 
trauma team the responsibility of performing the TEG ®  
analysis. The unique nature of our experience stems from 
the division of labor at our Level II trauma center. Because 
of the limited number of personnel involved in the care of 
the trauma patient, we have been able to quickly enlist the 
cooperation of the pathologists, anesthesiologists, emer-
gency physicians, perfusionists, and surgeons. The responsi-
bility for performing the TEG ®  analysis, quality assurance 
monitoring, and maintenance has been assumed by the per-
fusionist under the authority of the trauma surgeons. 

 The perfusionist can be of great assistance in the proper 
use of the TEG ®  in the assessment of coagulopathies in 
trauma patients, whether they are in hemorrhagic shock 
requiring MTP or have continuous bleeding in general, 
orthopedic, or neurosurgical surgery . As a result of the 
more readily available perfusionists capable of performing 
TEG ®  analysis in settings other than the MTP, the indica-
tions for the use of the TEG ®  in trauma have expanded at 
our institution ( Table 4             ). 
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 Table 4  . Suggested indications for TEG ®  analysis in trauma 
population. 

1. Massive transfusion
2. Severe traumatic brain injury with bleeding
3. Cerebral hemorrhage while on anticoagulants or platelet inhibitors
4. Unexplained continued bleeding
5. Suspected platelet dysfunction
6. Recombinant Factor VIIa use
7. Potential organ donor with coagulopathy
8. Early cessation of resuscitation in severe trauma with poor prognosis
9. Identification of hypercoagulable patient


