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ABSTRACT
Objective: Low-molecular-weight heparins (LMWHs) are commonly used to prevent and manage postoperative thromboembolism. In general, 
monitoring of anticoagulant activity by anti-Xa testing is not done properly. Thromboelastography (TEG) evaluates the viscoelastic properties of 
blood during coagulation. The clinical application of TEG variables in monitoring LMWH treatment is not yet well defined.
Methods: This prospective study was designed to systematically examine the correlation between anti-Xa and basic TEG parameters in moni-
toring LMWH treatment. We furthermore evaluated for the first time the usefulness of a composite TEG parameter, coagulation index (CI). Thirty 
patients undergoing unilateral or bilateral total knee replacement, admitted to the intensive care unit on a therapeutic dosage of subcutaneous 
enoxaparin (30-mg injections administered twice daily), were included into the study. TEG parameters and anti-Xa levels were measures at 
baseline and 4, 12, and 24 hours after the injection.
Results: This study demonstrates a significant correlation between CI and plasma anti-Xa activity in surgical patients treated with enoxaparin. 
Although the correlation was significant between r time and anti-Xa level only at Hour 4, CI was significant for each time interval (p<0.05). CI 
increased immediately after T0, peaking at Hour 4, and remained elevated (relative to baseline) at Hour 24 but still did not return to admission 
levels.
Conclusion: The current study may be an important first step in order to use CI to measure LMWH activity. Meanwhile, the value and usefulness 
of TEG in predicting bleeding or thrombotic complications following major orthopedic surgery merit further investigation.
(Anatol J Cardiol 2015; 15: 932-7)
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Thromboelastography for the monitoring of the antithrombotic effect 
of low-molecular-weight heparin after major orthopedic surgery

Introduction

Patients undergoing major elective lower extremity orthope-
dic surgery are in the highest risk category for venous thrombo-
embolism (VTE) (1). Individuals undergoing major surgery exhib-
it a prothrombotic state (2). Therefore, they have a shorter 
duration of measurable heparin levels (3), as well as a partial 
thromboplastin time (aPTT), taken to assess heparin action (4). 
As a result, these patients have periods of unknown or insuffi-
cient anticoagulation effects during the trough periods of hepa-
rin concentration when the drug is given only once every 12 
hours.

LMWHs offer a stable and predictable anticoagulant dose-
response and a great anti-Xa/anti-IIa ratio, resulting in less 
thrombin generation and activation (5). Accordingly, the stan-

dard assay used for monitoring enoxaparin is via the inhibition of 
Xa. Standard perioperative tests of coagulation do not reflect 
the extent of anticoagulation resulting from LMWH (6). A number 
of kits are available for measuring anti-Xa activity, although 
there is some concern relating to interassay variability; there-
fore, measuring this activity is not effective (7). Unfortunately, 
alternative tests have not yet been validated. Due to the absence 
of a practical measure of anticoagulation, the lack of consistent 
effectiveness of heparin in orthopedic surgery is still a problem.

The underpinnings of postoperative hypercoagulative condi-
tions are not yet fully appreciated. Although the anti-Xa effect 
predominates, enoxaparin influences the coagulation cascade 
in other areas, including tissue factor pathway inhibitor (TFPI) 
and direct inhibition of thrombin and platelet function, and as 
such, a more global assessment of coagulation might provide a 



better guide to monitoring patients (8-10). Major orthopedic 
surgery leads to massive tissue factor release and hefty trigger-
ing of coagulation (11, 12). At this point, a point-of-care test 
reflecting the antithrombotic effect of LMWH was investigated 
in order to fulfill an important clinical function.

Thromboelastography (TEG) is a bedside blood test that mea-
sures the viscoelastic properties of whole blood, as it clots 
under a low-sheer stress environment, thus providing a compre-
hensive evaluation of the process of clot initiation, formation, 
and stability (13). Abnormal TEG data may predict patients who 
will bleed. Spiess et al. (14) found that TEG correlated well with 
activated clotting time (ACT) and coagulation profiles, and whilst 
no coagulation test was consistently abnormal, the TEG was the 
most accurate predictor (87% accuracy) of bleeding. Whilst 
platelet-activated clotting test (PACT) sensitivity and specificity 
were comparable to conventional coagulation tests in predicting 
blood loss, TEG was more predictive for both blood loss levels, 
showing 83% sensitivity and 79% specificity (15).

TEG evaluates global coagulation, and the effect of heparin 
on the trace has been shown to be a more sensitive method of 
assessing the degree of anticoagulation compared with conven-
tional methods of assessing clotting status (16). Enoxaparin 
causes a dose-dependent inhibition of the native TEG trace, with 
an abnormal coagulation trace apparent at plasma drug levels of 
> 0.1 anti-Xa IU/ml (17). Low doses of enoxaparin prolong the r 
time, whereas therapeutic doses prolong both the r and k times 
and also cause a reduction in the alpha angle (17). The peak and 
trough levels of anti-factor Xa activity correlate with the r-value 
of the thromboelastograph (18).

The aim of this study was to evaluate whether TEG® variables 
correlate with the activity of anti-Xa in knee replacement sur-
gery patients treated with the LMWH enoxaparin. We suggested 
that the reaction (r) time coagulation index (CI) values of TEG® 
would correlate with enoxaparin and could be used as a guide 
for enoxaparin therapy as early as to take precautions for hepa-
rin action.

Methods

Thirty patients, aged over 50 years [age range, 52-87 years; 
mean age, 58.12±6.68 years, males, 17 (62.87±8.07); females, 13 
(64±7.12)] participated in this single-site, prospective clinical 
trial. The study was approved by the hospital ethics committee 
and was carried out in accordance with the standards stipulat-
ed by the World Medical Association Declaration of Helsinki. All 
participants granted informed consent. All patients undergoing 
unilateral or bilateral total knee replacement, admitted to the 
intensive care unit on a therapeutic dosage of subcutaneous 
enoxaparin (30-mg injections administered twice daily), were 
included. Patients were excluded on the following basis: (1) 
known cancer, (2) hepatic or renal dysfunction, (3) history of 
hematologic disorder, (4) preoperative treatment with anti-
aggregative or anticoagulant drugs (other than antiplatelet 
drugs, including concurrent use of nonsteroidal anti-inflamma-

tory drugs), (5) enoxaparin only for prophylaxis against deep vein 
thrombosis, and (6) platelet counts below 150x103 cells/mL and 
above 450x103 cells/mL. Samples were taken perioperatively (on 
admission to the hospital) and after the subcutaneous injection 
of enoxaparin at 4, 12, and 24 hours (symbolized from the base-
line as T0, T4, T12, T24, respectively). T0 is the time point of the 
first (of two) daily doses of LMWH. Venous blood was collected 
by venipuncture from an antecubital vein by using a tourniquet 
and the two-syringe collection technique. The blood samples 
were collected into Vacutainer tubes (Becton Dickinson, 
Rutherford, NJ) containing sodium citrate 3.8% (9:1 vol/vol) and 
allowed to completely fill the tube. Venous samples were 
obtained simultaneously for TEG®, anti-Xa analysis, and aPTT at 
each of the time intervals. Platelets were quantified using a 
Sysmex XT-2000i automated hematologic analyzer (Sysmex 
Corp., Kobe, Japan).

TEG® assays were processed using the TEG 5000 
Thromboelastograph hemostasis analyzer (Haemonetics 
Corporation, Skokie, Illinois, USA). The TEG® measures the 
physical properties of the clot as it forms between the testing 
cup and pin and produces a graphical representation (Fig. 1), 
which allows one to evaluate the different phases of clotting and 
deduce the adequacy of the coagulation and fibrinolytic path-
ways. All thromboelastographic tests were performed in dupli-
cate. Routine machine quality control and standard calibrations 
were maintained. An electrical internal quality control (e-test) 
was performed prior to each assay. Haemoscope TEG® dispos-
able cups and pins (Haemonetics Corporation) were placed in 
the analyzer and prewarmed to 37°C. Briefly, 340 µL of citrated 
blood was mixed with 20 µL of calcium chloride (a 0.2-mol/L 
concentration) in a plain plastic cup or a cup coated with 2 U of 
heparinase (the final concentration of heparinase would be 5.6 
U/mL). 

Figure 1. A normal thromboelastographic tracing (1). r -time is the time 
elapsed from placement of the sample in the cuvette until the tracing 
amplitude reaches 2 mm; it denotes the rate of initial fibrin formation 
and is functionally related to plasma clotting factors (2). K is measured 
from r to the point where the amplitude reaches 20 mm; k-time 
represents the time it takes for a fixed degree of viscoelasticity to be 
achieved by the forming clot and is affected by the activity of the 
intrinsic clotting factors, fibrinogen, and platelets (3). α-angle is the 
angle formed by the slope of the TEG tracing from the r to the k value; 
it denotes the rate at which the clot is formed (4). MA (maximum 
amplitude) is the greatest amplitude on the TEG tracing; it is a 
reflection of the absolute strength of the fibrin clot and can be altered 
by both qualitative and quantitative platelet abnormalities
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The reaction started immediately after mixing. Variables 
that were recorded were r time and CI. The r time (normally 
between 2-8 min) reflects the latency period for blood (once 
placed in the analyzer) to initiate fibrin formation. A TEG 
coagulation index (CI) describing the subject’s overall coagu-
lation was derived from the r-time, k-time, MA, and α-angle by 
the Thromboelastograph Coagulation Analyzer by means of the 
equation:

CI= - 0.3258R-0.1886K + 0.1224MA + 0.0759α - 7.7922
Normal values for the CI are -3.0 to +3.0 (mean 0±3 SDs). 

Positive values outside this range (CI >3.0) indicate that the 
sample is hypercoagulable; negative values outside this range 
(CI <3.0) indicate that the sample is hypocoagulable. CI =3 is an 
indicator of normal coagulation status.

The remaining blood from each sample interval underwent 
immediate centrifugation at 3000 g, and the plasma was stored 
at -70°C. Enoxaparin was quantitated using a standard chro-
mogenic anti-Xa activity assay (Heptest, Sekisui Diagnostics, 
LLC) on the Amax 200 coagulation analyzer (TrinityBiotech, 
Berkeley Heights, New Jersey, USA) using the same manufac-
turer’s reagents as described by the manufacturer. The mea-
suring range was 0.015-1.0 U/mL. The assay was calibrated 
using commercial heparin no less than 1000 U/mL plasma or 
whole blood. The coefficient of variation for the assay was 
2.2%. Duplicate measures were performed each sample; the 
average value between the two measurements was used. 
aPTT assays were again performed on an AMAX 200 using 
TriniCLOT aPTT S (TrinityBiotech). Demographic data were col-
lected, including participant age, sex, and weight.

Statistical analyses
All analyses were performed using the SPSS package 

(SPSS for Windows 17.0, Chicago, IL, USA). The Kolmogorov-
Smirnov test was used to assess the normal distribution of 
the continuous variables. All continuous variables displaying 
a normal distribution were expressed as mean±standard 
deviation. Spearman correlation coefficient (r) was calculat-
ed for the correlation between the TEG parameters and anti-
Xa and aPTT. Differences between continuous variables were 
compared using the paired-t test. A p value <0.05 was con-
sidered significant.

Results

The mean±SD for the TEG® variables (r time and CI), aPTT, 
and anti-Xa concentration before and after subcutaneous injec-
tion of enoxaparin is shown in Table 1. There were no marked 
variations in any parameters, as indicated by the small SDs. All 
parameters, except r time at hour 24, were significant when 
compared with the T0 values. Comparison data for anti-Xa 
according to T4 were also significant but decreased below the 
therapeutic ranges at T24 (expected therapeutic range 0.50-1.0 
U/mL for the adult population).

Initially, the r time correlated with the expected peak and 
trough the levels of anti-Xa concentrations (p<0.053) (Fig. 2). An 
observable trend and acceleration of r time tended to normalize 
through T12, indicating decreased clot formation TEG. But, the 
mean±SD values were still between the reference values (2-8 
min), showing inadequate coagulation. However, the total blood 
hemostatic potential and CI increased immediately after T0, peak-
ing at hour 4, remained elevated (relative to baseline) at hour 24, 
and still did not return to admission levels (Fig. 3), expectedly.

At each period after the completion of surgery, the calculat-
ed Spearman correlation (rs) between r time and anti-Xa was 
only significant at T4 (p=0.023) (Table 2). However, the correla-
tion between CI and anti-Xa was significant for each time inter-
val. Especially, at T24, when the anti-Xa level was below the 
reference ranges, CI was still a better indication of hypocoagu-

 T0 T4 T12 T24

r time, min 3.81±2.12 11.74±1.65* 6.62±1.42* 3.51±2.12

CI  0.49±2.17 -10.36±3.28* -8.56±3.28* -6.36±3.28*

aPTT, sec 31.10±4.84 52.10±2.8* 37.10±1.44* 35.10±1.84*

Anti-Xa, U/mL 0.00±0.00 0.77±0.19 0.65±0.19* 0.34±0.19*
Note: *Differences were significant as compared with the T0 values (p<0.001). 
Comparison data for anti-Xa were according to T4 values. 
Anti-Xa- anti-Xa activity; aPTT- activated partial thromboplastin time; CI- coagulation 
index; min- minute; R time- reaction time; sec- seconds

Table 1. TEG® variables, aPTT, and anti-Xa concentration before and 
after subcutaneous injection of enoxaparin

Figure 2. Anti-Xa concentration and r time between T0 and T24. Error 
bars reflect SE
*T0 vs. T4, p=0.002
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Figure 3. Anti-Xa concentration and CI value between T0 and T24. Error 
bars reflect SE
*T0 vs. T4, p<0.002, T0 vs. T12, p<0.002, T0 vs. T24, p=0.002
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lability in progress (p=0.031). There was no evident correlation 
between aPTT and anti-Xa levels (data not shown).

Discussion

In this study, we have demonstrated a strong correlation 
between a basic TEG parameter, CI, and anti-Xa levels in 
patients following major orthopedic surgery receiving LMWH. 
Although the present studies suggested that monitoring with the 
thromboelastographic r value correlated significantly with the 
peak of anti-Xa levels, this was not demonstrated through time, 
with an inadequate clinical impact.

The accuracy of the assay rests on the correct timing of the 
sample in relation to dose administration. In this study, the mean 
time from dose to sampling was 4.13±0.1 h, consistent with rec-
ommendations for anti-Xa sampling. 

Earlier studies have shown a correlation between TEG vari-
ables and routine coagulation tests (19, 20). There are only a few 
in vivo studies available on monitoring LMWH therapy by TEG in 
humans (21-23). Results, however, have been mixed, with some 
demonstrating a good correlation with TEG and less so in others. 
Many studies utilize healthy volunteers to provide samples for in 
vitro analysis (6, 24-26). Results from these investigations may 
not be relevant to patients who might display altered hemostasis 
changes, such as major surgery.

While LMWH seems to alter all TEG parameters, r time has 
been the most investigated parameter. R time is prolonged by 
clotting factor deficiencies, warfarin, unfractionated heparin, 
and LMWH treatment (23, 24) and has a tendency to decrease in 
thrombophilic conditions (25). Therefore, the fact that the r time 
is closely associated with the level of anti-Xa activity is not sur-
prising. In this study, the r time correlated with the expected peak 
of anti-Xa concentrations but tended to normalize after hour 12. 
Surgical intervention stimulates platelets to release granular fac-
tors (26). Antropova et al. (27) suggested that active secretion of 
β-thromboglobulin by platelets greatly impacts reaction time, 
peaking at the completion of surgery. The release of this factor 
might be as quick as surgical induction and end at the completion 
of surgery, causing the rapid normalization of r time just before 
the therapeutic LMWH interval. However, Louis et al. (28) studied 
TEG-adjusted enoxaparin dosing, which led to significant 
increases in anti-Xa activity but did not correlate with a decreased 
VTE rate. Failure to reduce the DVT rate and increase ΔR, despite 

increased dosing and increased anti-Xa activity, was consistent 
with the high rate of AT-III deficiency. They suggested evaluating 
the AT-III status before the optimization of LMWH. 

Mainly, tests examining a single point of the coagulation 
cascade may not represent the overall coagulation picture or 
patient outcomes. Hayden et al. (29) found no evidence of 
association between r time and anti-Xa in hospitalized patients. 
Artang et al. (30) compared anti-Xa activity to a composite TEG 
parameter, called the thrombodynamic ratio, and noted a good 
correlation (using healthy male volunteers), whereas in vivo 
studies in monitoring hemostasis in patients undergoing major 
surgery were not investigated in detail. Therefore, we attempt-
ed to introduce additional TEG parameters to monitor anti-Xa 
activity. We studied the other TEG variable, coagulation index 
(CI), as a single integrated TEG parameter consisting of several 
basic parameters, for the assessment of LMWH treatment. CI 
has no units. CI describes the patient’s overall coagulation, 
derived from TEG variables. Normal values for the CI lie 
between -3.0 and +3.0. In essence, CI portrays an amplified 
profile of the prothrombotic or antithrombotic state in the 
sample. As a consequence, hypocoagulability is defined as a 
CI of less than -3. This means that patients with reaction time 
(r), coagulation time (k), alpha angle, or maximum amplitude on 
the ‘hypocoagulable side’ may still fall within the normal CI 
range and not meet the criteria to be called ‘hypocoagulable.’ 
CI is a unique variable that provides an overall global assess-
ment of the clotting process, from fibrin formation to clot lysis, 
in real time. CI increased after LMWH injection, peaking at 
hour 4 and remaining elevated until the end of the study. The 
result suggested that thromboelastographic CI value correlat-
ed significantly with the peak of anti-Xa activity after the 
administration of enoxaparin (p<0.05), and this correlation 
between CI and anti-Xa activity was attributable to the influ-
ence of anticoagulant therapy within 2-4 hours after subcuta-
neous administration (31).

In this study, the peak plasma anti-Xa levels occurred 4 
hours after the subcutaneous administration and decreased to 
15% of peak values at hour 12 and to 55% of peak values at hour 
24 after injection. Meanwhile, bleeding risk can not be predicted 
from available standard laboratory tests. Lack of point-of-care 
measurements for LMWH anticoagulant effects makes it diffi-
cult to predict which patients may be at particularly high risk for 
bleeding complications. In this study, there was a group of 
patients (45%) with a CI value still less than -3 at hour 24, whose 
anti-Xa activity was below the therapeutic range. However, r 
time was between the reference values at this time. This long-
term hypocoagulability result given only by CI value may reflect 
an exaggerated response to LMWH and create caution for 
increased bleeding risk in these patients. 

aPTT is the assay for monitoring unfractionated heparin 
(UFH). Patients receiving therapeutic doses of enoxaparin 
rarely have an aPTT value that exceeds the upper limit of the 
normal control. In this study, although anti-Xa activity was 
below the therapeutic ranges, aPTT progressively increased at 

 T4 T12 T24 
 (rs, P value) (rs, P value) (rs, P value)

r time, min 0.40, p=0.023* 0.25, p=0.181 0.11, p=0.594

Cl  -0.48, p=0.007* -0.52, p=0.003* -0.38, p=0.031*

aPTT, sec 0.15, p=0.422 0.15, p=0.421 0.17, p=0.364
Note: *Statistically significant of the correlation coefficient. 
Anti-Xa- anti-Xa activity; aPTT- activated partial thromboplastin time; CI- coagulation 
index; min- minute; R time- reaction time; sec- seconds

Table 2. Correlation and P values between TEG® variables, aPTT, and 
anti-Xa concentration after subcutaneous injection of enoxaparin
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each of the postoperative sample intervals measured. However, 
CI did not show apparent correlations with aPTT from T0 to T24. 
The total coagulation potential of blood showed a peak at 30 min-
utes after total hip arthroplasty and remained elevated at least 
until postoperative Day 14, correlating with The activity of the 
external coagulation pathway including aPTT did not show an 
apparent correlation with CI from T0 to T24. The mechanism 
underlying the uncorrelated relationship was not clear but might 
be related to patient-to-patient variability of the effects of LMWH.

Study limitations

One of the limitation of this study was that we did record the 
body mass index of patients. In our study, preoperative condi-
tions were optimal, but we did not follow up the patients accord-
ing to basic laboratory analysis for 24 hours. A reevaluation of 
the potentials and limitations of the method with the effects on 
the hemostatic system should be undertaken.

Conclusion

This study demonstrated a correlation between plasma anti-
Xa activity and a composite parameter, CI, as determined by 
thromboelastography, in surgical patients treated with enoxaparin. 
However, the reaction time has a substantial correlation with anti-
factor Xa levels. The current study may be an important first step 
in order to use CI to measure LMWH activity. Meanwhile, the 
value and usefulness of TEG in predicting bleeding or thrombotic 
complications following major orthopedic surgery merit further 
investigation. Larger trials on patients treated with different anti-
thrombotic agents, including different LMWH preparations, are 
needed to correlate abnormal CI values with anti-Xa activity.
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