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Abstract

Thromboelastography (TEG®) provides a functional evaluation of coagulation. It has characteristics of an ideal coagulation test 
for trauma, but is not frequently used, partially due to lack of both standardized techniques and normal values. We determined 
normal values for our population, compared them to those of the manufacturer and evaluated the effect of gender, age, blood 
type, and ethnicity. The technique was standardized using citrated blood, kaolin and was performed on a Haemoscope 5000 
device. Volunteers were interviewed and excluded if pregnant, on anticoagulants or having a bleeding disorder. The TEG® 
parameters analyzed were R, K, α, MA, LY30, and coagulation index. All volunteers outside the manufacturer’s normal range 
underwent extensive coagulation investigations. Reference ranges for 95% for 118 healthy volunteers were R: 3.8-9.8 min, 
K: 0.7-3.4 min, α: 47.8-77.7 degrees, MA: 49.7-72.7 mm, LY30: -2.3-5.77%, coagulation index: -5.1-3.6. Most values were 
significantly different from those of the manufacturer, which would have diagnosed coagulopathy in 10 volunteers, for whom 
additional investigation revealed no disease (81% specificity). Healthy women were significantly more hypercoagulable than 
men. Aging was not associated with hypercoagulability and East Asian ethnicity was not associated with hypocoagulability. In 
our population, the manufacturer’s normal values for citrated blood-kaolin had a specificity of 81% and would incorrectly identify 
8.5% of the healthy volunteers as coagulopathic. This study supports the manufacturer’s recommendation that each institution 
should determine its own normal values before adopting TEG®, a procedure which may be impractical. Consideration should 
be given to a multi-institutional study to establish wide standard values for TEG®.
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Introduction

Thromboelastography (TEG®; Haemoscope, USA) is a point-of-care global hemostasis system used by anesthetists 
largely to monitor perioperative changes in coagulation in surgical patients (1,2). By measuring the viscoelastic changes 
that occur during the hemostatic process, TEG® provides a real-time functional evaluation of the coagulation cascade, 
beginning with initial platelet-fibrin interaction, through platelet aggregation, clot strengthening and fibrin cross-linkage 
and eventually clot lysis (3). TEG® was first described over 50 years ago but has been proven clinically useful for only 
the last 20 (1,4-9). TEG® has a well-established role in cardiopulmonary bypass and liver surgery (10) and there is grow-
ing interest in expanding its clinical use outside the operating room, particularly for the management of trauma-induced 
coagulopathy (11,12). In cardiac surgery and liver transplantation, TEG®-based transfusion guidelines reduce the use 
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of blood and blood products transfused by up to 50% and minimize inappropriate blood product use and overall costs 
(5,13).

In theory, TEG® has many of the properties of an ideal coagulation test. It provides a comprehensive assessment of 
coagulation instead of evaluating only discrete portions. It can be performed at the bedside as a point-of-care testing, 
provides immediate results, is simple to perform, easy to interpret, and can account for the effects of hypothermia and 
acidemia if carried out soon after sampling, without anticoagulants and at the patient’s temperature. Furthermore, it may 
assist with the decision of which and how much of a blood product to transfuse, and potentially reduce inappropriate 
transfusions.

There are several reasons why TEG® has not been adopted in mainstream clinical practice (14-16). One reason 
is its excessive dependence on manual procedures compared to other standard coagulation testing devices, a source of 
criticism by laboratory societies (8,17-23). The remarkable versatility of TEG® allows the same instrument to analyze fresh 
whole blood, citrated blood, platelet-poor plasma, or even platelet-rich plasma, using different initiators such as contact 
proteins or a tissue factor. However, such versatility results in TEG® being done in many different ways, making it difficult 
to establish standards and reference values for each different technique.

The manufacturer’s manual provides normal reference values for most but not all different techniques (9,17). For some 
techniques, the values in the accompanying software differ from the owners’ manual (24). The manual does not contain 
relevant information such as reproducibility, variability and the effects of age, gender, and ethnic background (24,25). Scru-
tiny of the supporting evidence in the owner’s manual reveals that studies with small numbers of volunteers or hospitalized 
patients were used to establish some of the normal values. In addressing the reference normal values, the manufacturer 
suggests that each new user test 20 healthy volunteers and generate his own normal values prior to clinical use (24). The 
consequence is that TEG® currently lacks universal recognition as a reliable routine laboratory test (10,26).

Nevertheless, TEG® has become part of clinical practice in cardiac and liver transplant where normal standard values 
are less relevant and the patient’s own baseline preoperative test result is the standard (10). Such model, however, is not 
feasible for many other uses, particularly in trauma.

Therefore, in preparation for clinical studies on the role of TEG® in trauma, we deemed necessary to establish normal 
range values for our population. Considering the Clinical Laboratory Improvement Amendment (CLIA) requirement of a 
minimum of 30-40 subjects for special coagulation tests when determining in-house normal values (27), we decided to 
exceed this minimum by at least 3-fold. We planned to compare our results to those of the manufacturer and to evaluate 
the impact of gender, age, blood type, and ethnic background.

Material and Methods

The study was conducted at the Sunnybrook Health Sciences Centre and at Defence Research and Development 
Canada. The Research Ethics Board of both institutions approved the study. Informed written consent was obtained from 
all participants that consisted of employees, residents and medical students from both institutions. A focused medical his-
tory was taken from each volunteer, with emphasis on potential bleeding disorders, medical status and medications. We 
excluded pregnant women and subjects having any bleeding disorder, using anticoagulants or recovering from any recent 
illness including the common cold.

Four TEG® 5000 Hemostasis Analyzers (Haemoscope Inc., USA) with 8 independent channels were used and con-
nected to computers with the TEG® Analytical Software, version 4.1.54. Maintenance and quality controls were performed 
daily in strict accordance with manufacturer recommendations.

Briefly, blood samples were collected by venipuncture using 20-gauge needles, into 1.8-mL Vacutainer® tubes (Becton 
Dickinson, USA) with 3.2% sodium citrate (0.109 M trisodium citrate), and gently inverted six times. In accordance with 
manufacturer recommendation, samples were kept at room temperature for 40 min and gently inverted five times and 1 mL 
was transferred to a vial containing buffered stabilizers and Kaolin® (phospholipids). Kaolin® was chosen due to unavail-
ability of tissue factor alone, which would more closely mimic in vivo coagulation. The sample was mixed by inversion five 
times, 340 μL was transferred to a 37°C pre-warmed disposable cup containing 20 μL calcium chloride and measurements 
were made for no less than 40 min. TEG® was performed by two operators (SS and HH). Normal values were determined 
using six parameters: R (time to initial fibrin formation), K (time to clot formation), α (alpha angle, rate of clot formation), MA 
(maximum amplitude, absolute clot strength), LY30 (fibrinolysis at 30 min after MA), and coagulation index, linear combina-
tion of 4 parameters: R, K, α, and MA (Figure 1) (10,28,29).

The reference normal value obtained for our healthy population was initially compared to that of the manufacturer by 
checking how many of our subjects fell outside the manufacturer values. To attempt to estimate the clinical impact of using 
the manufacturer reference values in our population, the volunteers were categorized according to Kaufmann’s classifi-
cation (4). Briefly, a hypercoagulable disorder was present if 2 or more of the following parameters were observed: short 
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R, short K, increased α and/or MA. A hypocoagulable disorder was diagnosed if 2 or more of the following parameters 
were observed: prolonged R, prolonged K, decreased α and/or MA. For those with 2 or more abnormal but mixed results, 
hyper- or hypocoagulation was determined by the predominant or most abnormal result. All others were classified as 
having a single or no abnormal parameter, and thus having no disease. The specificity of TEG® was also determined.

All those diagnosed as hyper- or hypocoagulable or with a single R or MA parameter abnormality according to the 
manufacturer’s values underwent additional coagulation tests done on the remaining blood samples. Tests included: 
prothrombin time - International Normalized Ratio (INR), normal range 0.9-1.1; activated partial thromboplastin time 
(aPTT), normal range 24-34 s or ≤1.5 times the daily standard and clotting factor activity assay. We decided to include 
100 to 120 volunteers.

Statistical analysis
For normal ranges we used tolerance intervals and limits within which we expected a stated proportion of the popu-

lation to lie. The tolerance interval is characterized by two parameters: p%, the proportion of population that is desired 
to be within the limits, as well as γ%, the confidence that p% of the population is within these limits. Tolerance intervals 
were determined assuming normal distribution. Distribution-free alternative constructed tolerance intervals were based 
on the minimum and maximum in the sample, where the range of the data was used as reference range. Confidence 
level, γ%, for a fraction p% and a sample size n is independent of the distribution of the data: γ = (1 - pn - n(1 - p)pn-1) x 
100%. For n = 118 and p = 95%, γ = 98.3%. We also used a one-tailed chi-square test to determine if the proportion of 
volunteers within the range specified by the TEG® software was <5%.

The association between gender, blood type, ethnicity, age, body mass, and TEG® values was evaluated using the 
t-test or analysis of variance (ANOVA) for normally distributed values and the Mann-Whitney U-test for data with non-
normal distribution. For continuous predictors, linear regression was used to determine the association with outcomes. 
All tests were two-tailed unless specified and the level of significance was set at P < 0.05 in all analyses.

Results

The characteristics of the 118 healthy volunteers are presented in Table 1 while the TEG® reference ranges for this 
population (tolerance interval: p = 95% and γ = 95%) are given in Table 2, including the 95% tolerance interval. Using a one-
tailed chi-square test, the parameters for our population were found to be outside the manufacturer’s normal ranges in more 
than 5% of the volunteers for all parameters except K and LY30 (Table 3). The TEG® parameters for the 118 healthy volunteers 
were analyzed using the manufacturer’s reference values, and were abnormal in up to 16.9% of subjects (Table 3). The broad-
est differences involved R (16.9% of the times), α and MA (12.7% of the times). Overall, 22 (18.6%) of all healthy volunteers 
had at least one abnormal parameter according to the manufacturer’s reference values.

To explore the clinical impact of having TEG® parameters outside the reference values, volunteers were classified as having 
or not clinical coagulopathy according to Kaufmann et al. (4) (Table 4). Nine volunteers were hypocoagulable (4 with 4 abnormal 
parameters and 5 with 2) and 1 was hypercoagulable. Twelve volunteers had a single abnormal parameter and no disease ac-
cording to Kaufmann’s classification (4). No one had mixed results. If we assume that no volunteer had a coagulation disorder, 
the specificity of TEG® was 81%.

Volunteers with abnormal results underwent additional testing for undetected diseases (Table 4), except 2 patients due to 
loss of their blood samples. There was no difference in any characteristics between this group and the remaining cohort. All 
volunteers tested had normal INR, while 13 (65%) had abnormal PTT (Table 4). No volunteer had abnormal coagulation fac-
tor assays. Two hematologists reviewed the history and test results and concluded that no volunteer had a clinically relevant 
bleeding disorder.

The role of gender was explored and, except for R and LY30, all other parameters were significantly different, with women 
having a more hypercoagulable profile than men (Table 5). The gender differences remained when males were compared to 
females taking or not hormonal contraceptives, in fact either taking any medication or not. There were no significant differences 
in TEG® results when ethnicity, blood type and body mass were analyzed.

Discussion

TEG® is a laboratory coagulation test that appears to have many advantages over the tests commonly available during 
resuscitation and management of trauma patients. In contrast to INR, aPTT, platelet count, and even fibrinogen level, TEG® 
offers a broad and global view of coagulation, the interaction of the diverse elements, their activity, particularly if performed at 
the patient’s temperature and without additional buffers. It also offers information on portions of the clotting process that the 
conventional tests cannot, such as fibrinolysis and hypercoagulability, and has the potential to direct the transfusion of blood 
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and blood products. Yet, TEG® remains little used in trauma, and is not recognized as a conventional hemostasis test (8).
Technologically TEG® has progressed significantly. In the past it was criticized for being too dependent on manual procedures 

and for its results being excessively operator dependent (8,17-20,22,23,30,31). However, the recent development of computer-
ized interfaces has addressed some of these limitations and has led to a renewed interest in TEG®, particularly to guide blood 
transfusion practices (7,22,31). Our original goal, however, was not to evaluate the reliability of TEG® as a laboratory test per 
se, but rather its potential clinical application in trauma care.

TEG® is remarkably versatile. It can be carried out using fresh or anticoagulated whole blood or plasma. Different activators 
such as kaolin, tissue factor/kaolin and celite provide the opportunity to investigate the role of contact proteins or tissue factors 
in initiating the clotting process. However, such versatility leads to difficulty in establishing standards and reference values, 
which may account for the current lack of application of this test in situations where the person being tested cannot be his/her 
own control such as in trauma.

The evidence supporting the manufacturer’s normal values for TEG® is limited (15,18). In one study, the normal values 
were determined in hospitalized surgical patients rather than in healthy volunteers, while in another, the results come from 
a small sample of 12 healthy volunteers (32). We found two additional studies using the same methodology we used and 
reporting on reference normal values. Ellis et al. (33), investigating clot propagation, reported on 33 normal individuals ranging 
in age from 18 to 65 years and using both plasma and whole blood. Another study by Chan et al. (34) reported normal values 
in a pediatric population of 100 children undergoing surgery. The reference normal values reported by these investigators 
are similar to those found in our population, but not identical. These studies suggest the existence of regional variations and 
strengthen our contention that each institution should generate its own values according to the norms dictated by CLIA (27,34). 
The number of healthy volunteers needed to establish reference normal values is debatable. The CLIA, which regulates all 
laboratory tests in the United States, demands a minimum of 30-40 subjects for special coagulation tests (27). We decided 
to include 100 to 120 volunteers and thus exceed the CLIA minimum by at least 3-fold.

The values obtained here for 118 volunteers from two different institutions for citrated blood activated with Kaolin® differed 
from those proposed by the manufacturer. Overall, 18.6% of the volunteers had at least one abnormal parameter while 10 
(8.5%) would have been considered coagulopathic had the manufacturer’s values been used, resulting in a test specificity 
of 81%. This figure contrasts with the usual expectation of reference values being correct for 95% of the population tested. 
However, the clinical implications of these findings remain to be proven. There is no solid evidence supporting that a single 
abnormal parameter reliably diagnoses coagulopathy while the specificity of 81% is higher than that of commonly used co-
agulation tests such as INR and PTT (35,36).

Thromboelastometry or ROTEM is a test very similar to TEG® and commonly used in Europe for comparable indications. 
Lang et al. (16) studied the normal values for ROTEM in a 500-patient (including healthy volunteers and hospitalized patients) 
multicenter trial with different activators. Unfortunately, another recent study comparing TEG® and ROTEM concluded that 
the significant differences between the two methodologies do not permit their results to be used interchangeably (37).

Besides determining the normal values using a Kaolin®-activated citrated blood technique, we also investigated the 
possible effects of gender, age, ethnicity, blood type, and body mass on TEG® results, since these factors have the po-
tential of affecting coagulation (15,38,39). Females are known to have higher levels of clotting factors (38), and one of the 
few TEG® studies in trauma concluded that after the injury women are more hypercoagulable than men (39). However, 
we found that even healthy and non-traumatized women are more hypercoagulable than men based on their TEG® profile 
(Table 4). Furthermore, medications such as hormonal contraceptives and non-steroidal anti-inflammatory drugs had no 
measurable effect on the results of TEG®. Thus, determining different normal range values for males and females warrants 
further investigation.

Concerning the potential effect of age on TEG® values, our results support the findings of Ng (15), which showed that 
elderly patients (with femur fracture) have a more hypercoagulable TEG® profile. Similar to females, elderly individuals 
also have higher levels of clotting factors (15,38). In children, Chan et al. (34) found no significant age-specific differences 
between children 1 month to 16 years of age and adult healthy volunteers of unspecified age. The correlation between 
hypercoagulability and advanced age deserves further studies.

Finally, our data were not able to demonstrate any difference in TEG® profile when ethnic background, body mass and 
blood type were considered, in spite of a trend towards a more hypocoagulable profile in Far East Asian volunteers. The 
relationship between ethnicity and coagulation also deserves further study since some evidence suggests that it may affect 
coagulation profile, levels of fibrinogen and clotting factors (40).

The normal TEG® values proposed by the manufacturer using citrated blood and Kaolin® activation may not be ap-
propriate for different populations. Even though this study did not explore the clinical implications, our results indicate that 
many otherwise healthy people in our population would be incorrectly identified as coagulopathic by the manufacturer’s 
reference values. We recommend that any institution using TEG® for clinical or research purposes should perform appropri-
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ate sized studies to determine normal values for its target population. The manufacturer’s recommendation of determining 
normal values in 20 healthy volunteers is probably overly modest; a larger sample is required and screening for previously 
undiagnosed coagulation problems should be part of any such protocol. 

However, determination of normal values at each institution prior to adopting TEG® may be impractical; therefore, con-
sideration should be given to performing a large multicenter trial of TEG® in healthy volunteers to establish wide standard 
values for TEG®. In this way, any future institution could adopt TEG® without the need of conducting a separate “healthy 
volunteers” study.
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Table 1. Demographic data of the 118 healthy volunteers.

All volunteers Men Women
N = 118 N = 40 (33.9%) N = 78 (66.1%)

Age (years) 36.8 ± 11.2 35.8 ± 10.2 38.4 ± 12.8
Weight (kg) 70.3 ± 16.2 78.7 ± 10.5 65.9 ± 17.0
Ethnic background

Caucasian 58 (49.2%) 18 (45.0%) 40 (51.3%)
Chinese 28 (23.7%) 8 (20.0%) 20 (25.6%)
Other* 32 (27.1%) 14 (35.0%) 18 (23.1%)

Blood type
O 42 (35.6%) 17 (42.5%) 25 (32.1%)
A 35 (29.7%) 12 (30.0%) 23 (29.5%)
B 26 (22.0%) 5 (12.5%) 21 (26.9%)
AB 7 (5.9%) 2 (5.0%) 5 (6.4%)
Unknown 8 (6.8%) 4 (10.0%) 4 (5.1%)

Medication
Aspirin 6 (5.1%) 3 (7.5%) 3 (3.8%)
Other non-steroidal anti-inflammatory 3 (2.5%) - 3 (3.8%)
Hormonal contraceptive 15 (12.7%) - 15 (19.2%)
None 94 (79.7%) 37 (92.5%) 57 (73.1%)

The values for age and weight are reported as means ± SD. Values in parentheses indicate per-
centage of the total number of subjects in each category (N). *African-American, Latin, Japanese, 
Middle-East.

Table 2. Reference values for thromboelastography using the data obtained for 118 healthy volunteers.

R (min) K (min) α (degree) MA (mm) LY30 (%) CI

Mean ± SD 6.8 ± 1.4 2.0 ± 0.6 62.8 ± 6.8 61.1 ± 5.2 1.7 ± 1.8 -0.7 ± 2.0
Median 6.7 2.0 62.3 60.6 1.2 -0.6
Minimum/maximum 4.0-11.1 0.8-4.3 41.7-77.4 48.4-73.2  0-10.0 -7.6-3.1
Tolerance interval (normal range) 3.8-9.8 0.7-3.4 47.8-77.7 49.7-72.7 -2.3-5.77 -5.1-3.6

R = time to initial fibrin formation; K = time to clot formation; α = alpha angle, rate of clot formation; MA = maximum amplitude, absolute 
clot strength; LY30 = fibrinolysis at 30 min after MA; CI = coagulation index. See section Statistical analysis for explanation of tolerance 
interval.
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Table 3. Number of test results outside the reference normal range proposed by the manufacturer.

R (min) K (min) α (degree) MA (mm) LY30 (%) CI

Present study reference values 3.8-9.8 0.7-3.4 47.8-77.7 49.7-72.7 -2.3-5.77 -5.1-3.6
Manufacturer’s reference values 3-8 1-3 55-78 51-69 0-8 -3-3
Number of tests below normal  0 1 15  2 0 11
Number of tests above normal 20 6  0 13 1  1
Total number of tests outside the manufacturer’s range 20 (16.9%) 7 (5.9%) 15 (12.7%) 15 (12.7%) 1 (0.8%) 12 (10.2%)
P 0.0001 0.4 0.0001 0.0001 0.9 0.009

R = time to initial fibrin formation; K = time to clot formation; α = alpha angle, rate of clot formation; MA = maximum amplitude, abso-
lute clot strength; LY30 = fibrinolysis at 30 min after MA; CI = coagulation index. The present reference values were compared to the 
manufacturer’s using the chi-square test to determine if the proportion of volunteers with values outside the manufacturer’s normal 
ranges was less than 5%.

Table 4. Additional coagulation tests performed on the volunteers with TEG® results outside the reference normal range proposed by 
the manufacturer.

Gender Race Blood type INR PTT FII FV FVII FX FVIII FIX FXI FXII

Hypocoagulable* (all 4 parameters altered)
M Caucasian A+ 0.99 36.0 - - - - 0.68 0.8 - -
M Latin O+ 0.92 37.7 - - - - 0.68 - - -
M Latin O+ 1.04 32.9 0.91 1.01 1.22 - 0.82 1.01 1.18 0.67
M Chinese A+ 0.95 40.5 1.02 1.12 1.08 1.3 1.19 1.19 1.62 1.38

Hypocoagulable* (2 parameters altered - R; α angle)
M African American A+ 1.08 31.9 0.95 0.96 0.96 1.01 1.00 1.00 1.34 0.99
M Chinese B+ 1.09 39.6 - - - - 0.68 0.71 - -
M Caucasian O+ 0.96 39.3 0.95 0.82 1.33 1.08 0.86 1.15 1.36 1.26
M Chinese B+ 1.01 35.6 0.91 - - - 0.90 - - -

Hypocoagulable* (2 parameters altered - K; α angle)
M Caucasian B+ - - - - - - - - - -

Hypercoagulable*
F Caucasian A+ 1.01 34.7 1.13 0.93 2.20 1.37 1.34 1.21 1.16 1.08

Single parameter altered (prolonged R)
F Chinese O+ 0.97 33.7 0.86 - - - 0.85 - - -
F Caucasian A+ 1.07 39.0 1.07 0.92 1.06 1.26 0.77 1.05 1.59 0.61
F Chinese A+ 1.02 34.8 1.05 1.08 0.94 1.24 1.15 1.02 1.31 0.77
F Caucasian O- 1.07 29.3 0.98 0.99 0.85 1.14 1.17 1.01 1.23 1.14
F Chinese AB+ 1.01 40.2 0.97 0.82 1.15 0.99 1.04 0.91 1.12 0.64
M Caucasian O+ 1.07 34.2 - - - - 0.81 - - -
F Indian B+ 1.01 31.0 - - - - 0.70 - - -
F African American O+ 1.02 29.6 0.95 1.09 0.96 0.98 1.40 1.06 1.31 0.96
F Latin O+ 1.06 35.4 - - - - 0.80 0.98 - -
F Chinese A+ 0.95 32.0 0.94 0.90 1.26 1.02 1.55 0.90 1.10 1.07
F Chinese B+ 0.99 38.6 - - - - 0.83 - - -
F Caucasian B+ - - - - - - - - - -

M = male; F = female; *as defined by Kaufmann et al. (4); INR = International Normalized Ratio; PTT = partial thromboplastin (s); Fac-
tor activity (%).
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Figure 1. Thromboelastography tracings. A, Normal TEG®; B, ex-
amples of hyper- and hypocoagulable tracings. R = time to initial 
fibrin formation (s); K = time to clot formation (s); α = alpha angle 
(degree), rate of clot formation; MA = maximum amplitude (mm), 
absolute clot strength; LY30 = fibrinolysis at 30 min after MA (%).

Table 5. Analysis of the TEG® parameters according to gender.

Male (N = 40) Females (N = 78)

R (min) 7.1 ± 1.7 6.6 ± 1.2
K (min) 2.5 ± 0.6 1.8 ± 0.4*
α (angle) 57.6 ± 6.9 65.5 ± 5.0*
MA (mm) 58.0 ± 4.9 62.8 ± 4.6*
LY30 (%) 1.7 ± 2.0 1.8 ± 1.8
CI -1.9 ± 2.2 -0.1 ± 1.5*

Data are reported as means ± SD. R = time to initial fibrin 
formation; K = time to clot formation; α = alpha angle, rate of 
clot formation; MA = maximum amplitude, absolute clot strength; 
LY30 = fibrinolysis at 30 min after MA; CI = coagulation index. P 
< 0.0001 compared to male (t-test). 


