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Introduction
Since the days of Virchow, a hypercoagulable state has 

been recognized as a risk factor for the development of venous 
thromboembolic complications; and this concept is upheld by current 
research [1-4]. Deep vein thrombosis and pulmonary embolism 
still pose a real threat after major orthopedic surgery [5,6]. The 
prothrombotic state generated by such procedures (total large joint 
arthroplasty in particular) may be related to tissue factor expression, 
platelet activation, endothelial dysfunction, fibrinolytic disorders, 
and decreasing of the natural anticoagulants [7-10]. Anticoagulant 
therapy is thus widely applied as a preventative measure [2]. However, 
due to inherent difficulties in therapeutic drug monitoring, the use 
of anticoagulants is primarily a function of surgical risk group, with 
little attention paid to a patient’s hemocoagulative state. In patients 
with acquired or hereditary thrombophilia or with a propensity for 
hemorrhagic manifestations, an individualized approach is needed to 
address coagulative imbalances.

Routine coagulation tests typically do not detect a hypercoagulable 
state. Instead, the kinetics of clot formation, clot strength, platelet 
function, and fibrinolysis may be determined by thromboelastography 
(TEG), which provides a global picture of hemostatic ability and the 
viscoelastic properties of clot [11,12]. This technique is useful for 
monitoring coagulation during and after surgical procedures, prompting 
some sources [13,14] to advocate its use in the screening patients with 
suspected prothrombotic states. Unfortunately, the underpinnings of 
postoperative hypercoagulative conditions are not yet fully appreciated.

Herein, we report our findings on the dynamics of clot formation 
and lysis in whole blood after total hip arthroplasty, correlating 
measured parameters with specific hemostatic markers.

Materials and Methods
Patients

The study was approved by the local Ethical Committee and was 
carried out in accordance with the standards stipulated by the World 
Medical Association Declaration of Helsinki. All participants granted 
informed consent.

Blood samples were collected from 61 patients (age range, 33-72 
years; mean age, 54 ± 2 years; males, 29; females, 32) with osteoarthritis 
who were admitted for primary total hip arthroplasty (THA). Patients 
were excluded on the following basis: (1) known cancer, (2) hepatic 
or renal dysfunction, (3) history of hematologic disorder, and (4) 
preoperative treatment with anti-aggregative or anticoagulant drugs. 
Samples were taken perioperatively (on admission to the hospital and 
30 min after completion of surgery) and postoperatively (Days 1, 3, 7, 
and 14).

All subjects received low-molecular-weight heparin (enoxaparin) 
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Results 
After completion of surgery, enzymatic clot formation (R) 

accelerated significantly, with an observable trend toward normalization 
within one day. However, R-values continued to decline for up to 
14 days, approaching baseline. Ang values increased after surgery; 
tended to normalize on Day 1; and by Day 7, again rose significantly 
and remained high (relatively to baseline) until Day 14. MA increased 
throughout postoperative Day 1, peaked by Day 7, and remained 
elevated until Day 14. The total blood hemostatic potential (TEG CI) 
increased immediately after THA, peaking on Day 7, and remained 
elevated (relative to baseline) until Day 14. Whole blood lysis (Ly30) was 
unchanged at completion of surgery and during postoperative Day1, 
showing a significant increase on Day 3 but returning to admission 
levels by Day 7 after THA (Table 1).

Factors involved in external pathway of coagulation fell at 
completion of surgery, whereas factors of the internal pathway dropped 
markedly by postoperative Day 1. However, all factors were restored 
in 3 days. TAT concentrations peaked at completion of surgery, and 
then declined the next day, returning to baseline levels by Day 3 
postoperatively. Maximum concentrations of fibrinogen were noted 
by Day 3 after THA, and level remained elevated until Day 14. Platelet 
levels declined during postoperative Day 1 and increased after Day 3, 
peaking between Days 7-14. Levels of β-thromboglobulin increased 
sharply and peaked at completion of surgery, followed by sustained 
release of β-thromboglobulin for 7 days and then a return to baseline 
levels. D-dimer concentrations also rose sharply at completion of 
surgery, declined at Day 3, and then increased by Day 7, remaining high 
until Day 14 (Table 2).

At completion of surgery, the following significant correlations 
between TEG values and blood/hemostatic parameters were noted: 
(1) R and β-thromboglobulin level (r=-0.54, p<0.05); (2) Ang and 
β-thromboglobulin level (r=-0.65, p<0.05); (3) MA and fibrinogen level 
(r=0.41, p<0.05); (4) MA and platelet count (r=0.39, p<0.05); (5) CI and 
platelet count (r=0.31, p<0.05); and (6) CI and β-thromboglobulin level 
(r=0.60, p<0.05).

On postoperative Day 1, CI correlated significantly with fibrinogen 
level (r=0.42, p<0.05) and platelet count (r=0.36, p<0.05). 

By postoperative Day 7, the following correlations were observed: 
(1) R and PT (r=0.48, p<0.05); (2) Ang and PT (r=-0.45, p<0.05); (3) CI 
and PT (r=-0.45, p<0.05); and (4) Ly30 and fibrinogen level (r=-0.41, 
p<0.05).

By postoperative Day 14, the following determinants correlated 
significantly: (1) R and PT (r=0.41, p<0.05); (2) R and aPTT (r=0.39, 
p<0.05; (3) Ang and PT (r=-0.51, p<0.05); (4) Ang and aPTT (r=-0.46, 
p<0.05); (5) MA and fibrinogen level (r=0.43, p<0.05); (6) CI and PT 
(r=-0.47, p<0.05); and 7) CI and aPTT (r=-0.46, p<0.05).

as thromboembolic prophylaxis. Injections (40 mg) were given as 
follows: (1) 12 hours prior to surgery, (2) 12 hours post-arthroplasty, 
and (3) daily thereafter during study. To prevent excessive blood loss, 
tranexamic acid was administered perioperatively. 

Blood collection and storage

Venous blood samples were drawn into collection tubes containing 
0.129 M sodium citrate anticoagulant (Sarstedt AG & Co, Germany), 
at a 1:9 ratio of anticoagulant to whole blood. Platelets were quantified 
using EDTA-stabilized blood. Citrated platelet-poor plasma, prepared 
by centrifugation (15 min at 3000 × g), was stored at -20°C for later 
assay (ELISA). 

TEG analysis
For TEG analysis, whole blood collected in 3.2% trisodium citrate 

was analyzed within 30-90 min of collection via computerized TEG 
coagulation analyzer (TEG model 5000, Haemoscope Corp, Niles, 
IL, USA). The reaction time (R; normal range, 9-27 min) reflects the 
latency period for blood (once placed in the analyzer) to initiate fibrin 
formation. The alpha angle (Ang; normal range, 22-58°) is the slope of 
the tracing, indicating the rapidity of fibrin build-up and cross-linking. 
The maximal amplitude (MA; normal range, 44-64 mm) is a direct 
function of the maximum dynamic properties of fibrin and platelet 
bonding and represents the ultimate strength of the fibrin clot; and 
percent lysis 30 min after MA is reached (Ly30; normal range 0-8%) 
is a related parameter. The Coagulation Index (CI) is a measure of the 
patient’s overall coagulation status (normally between -3 and +3). 

Hemostasis assay
Prothrombin time (PT) and activated partial thromboplastin time 

(aPTT) were tested on the ACL-200 (Instrumentation Laboratory Co, 
Bedford, MA, USA), and fibrinogen (Clauss method) was quantified 
on the CA-50 (Sysmex Corp, Japan). Commercial ELISA assays were 
utilized for plasma concentrations of thrombin-antithrombin (TAT) 
complexes (Enzygnost TAT micro, Dade Behring Marburg GmbH, 
Marburg, Germany); D-dimer levels in plasma (Asserachrom D-dimer, 
Diagnostica Stago, France); and β-thromboglobulin (Asserachrom 
β-TG), as an index of platelet activation. Platelet counts were performed 
on EDTA-stabilized blood, using a Cell-Dyn-1700 hematologic analyzer 
(Abbott Diagnostics, Abbott Park, IL, USA).

All determinations were conducted according to protocols 
stipulated by the manufacturers.

Statistical analysis

Distributions of determinants were analyzed using the Kolmogorov-
Smirnov test, expressing data as median and interquartile range (IQR). 
Friedman ANOVA and Wilcoxon tests were applied to detect pre- and 
post-surgical differences. Spearman’s rank test was used for correlation 
analysis. Statistical significance was set at p<0.05.

Note: *Differences are significant as compared with the preoperative values (p<0.05). Thromboelastography analysis – R: reaction time, Ang: alpha angle (the slope of the 
tracing, indicating the rapidity of fibrin build-up and cross-linking), МА: maximal amplitude, CI: Coagulation Index, Ly 30: percent lysis 30 min after MA is reached.

Table 1: Coagulation and lysis in whole blood before and after hip arthroplasty.

Period concerning the operation
Parameter Pre-THA 30 min 1st day 3rd day 7th day 14th day
R (min) 15.3 (13.1-17.3) 11.8 (9.3-14.5)* 13.5 (0.8-16.0) 13.4 (10.7-16.0)* 12.2 (10.2-16.3)* 13.0 (9.6-17.1)*

Ang (deg) 38.2 (33.0-44.3) 46.4 (40.4-54.2)* 42.0 (34.1-49.2) 43.9 (36.4-56.6) 49.8 (35.3-60.4)* 48.4 (40.9-56.8)*

МА (mm) 56.5 (52.9-59.4) 56.7 (52.5-60.2) 60.0 (57.4-62.0)* 67.6 (64.0-73.2)* 70.5 (67.9-73.5)* 67.4 (66.0-71.1)* 
CI -0.2 (-1.0-0.7) 0.2 (-0.3-1.0)* 0.5 (-0.2-1.1)* 1.9 (1.1-2.6)* 2.3 (1.6-3.0)* 1.8 (1.3-2.7)*
Ly 30 (%) 0.5 (0.0-1.4) 0.6 (0.1-1.3) 0.4 (0.0-1.2) 1.1 (0.5-2.5)* 0.5 (0.1-1.5) 0.5 (0.1-1.3)
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Discussion
Major orthopedic surgery leads to massive tissue factor release 

and a hefty triggering of coagulation. Enzymatic reactions directed at 
thrombin production are greatly accelerated, intensifying TAT complex 
formation and consumption of coagulation factors as we and others 
have shown [15-20]. 

Ultimately, the time needed for latent-stage clot formation is 
significantly reduced. Although thrombin formation returns to baseline 
level by Day 3 after THA, TEG outcomes reveal that latency periods 
for clot formation remain below baseline determinations. Correlations 
between R value and other hemostatic measures of external and 
internal coagulation pathways throughout postoperative Weeks 1 and 2 
are attributable to the influence of anticoagulant therapy.

Surgical intervention stimulates platelets to release granular 
factors [21]. Active secretion of β-thromboglobulin by platelets 
greatly impacts reaction time, rapidity of fibrin build-up, and overall 
coagulation potential, as confirmed by strong correlations between 
β-thromboglobulin level and TEG-measured clot formation. However, 
from postoperative Day 1 until the end of the study period, platelet 
activity had no bearing on clot formation in the blood.

After completion of THA, the rapidity of fibrin build-up and cross-
linking was influenced by platelet activity. One week later, the Ang 
value primarily reflected activity of the external coagulation pathway; 
but on Day 14, both external and internal coagulation pathways were 
operant, apparently as an effect of anticoagulants.

Peak dynamic properties of fibrin and platelet bonding were evident 
beyond completion of surgery, despite a decline in concentration of 
fibrinogen and platelets that correlated with MA. This underscores the 
strength of GPIIb/IIIa receptors in fibrin/platelet binding. As in previous 
works [22-24], we observed an upsurge in MA after postoperative Day 
1, with high values persisting until the end of our study. During this 
period of time, fibrinogen and platelet concentrations clearly influenced 
MA, although direct correlations were not established.

The total coagulation potential of blood, expressed as integral 
CI, was increased after completion of arthroplasty, peaking at Day 7 
and remaining elevated until the end of study. Of note, the major 
contributors to coagulation potential after completion of surgery were 
stimulated platelets and β-thromboglobulin activity. On postoperative 
Day 1, fibrinogen and platelet concentrations had the greatest effect 
on CI. From Day 7 to Day14, CI shows apparent correlations  with PT 
and aPTT.. It may be that the relationship between total coagulation 
potential of blood and tests pertaining to external and internal 
coagulation pathways deviated on the basis of anticoagulant therapy. 

In addition to substantial generation of localized fibrin, the trauma 
of surgery also promotes fibrinolysis. D-dimer, as a product of fibrin 

degradation, is subsequently increased [25]. Given the use of tranexamic 
acid, however, there was no evidence of an amplified lytic process in 
whole blood, as measured by TEG Ly30. By postoperative Day 3, the 
intensity of local fibrin degradation was reduced, in contrast to the lytic 
activity in whole blood, which was enhanced. One week after surgery, 
D-dimer levels indicated increasing fibrinolysis, which was sustained 
for at least the duration study. Active local fibrinolysis may contribute 
to the effective repair of vessels. At the same time, fibrinolysis in 
whole blood was returning to baseline level. No significant correlation 
between D-dimer levels and CI was evident during the study period.

In conclusion, although thrombin formation declines after major 
orthopedic surgery, the total coagulation potential of blood (under 
standard anticoagulant treatment) peaks in one week and remains 
elevated at least until postoperative Day 14, correlating with external 
coagulation pathway activity during this time. The fibrinolytic activity 
of whole blood is unchanged during the postoperative period, with the 
exception of an increase on postoperative Day 3. It is our contention 
that use of TEG for monitoring coagulation and thromboembolic 
prophylaxis following major orthopedic surgery merits further 
investigation.
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