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Abstract. The glycoprotein, von Willebrand factor (VWF) is 
a carrier protein for factor VIII. When bound to platelets and 
the extracellular matrix, it promotes aggregation or adhesion 
of platelets to areas of vascular damage. A disintegrin and 
metalloproteinase with thrombospondin motif, member 13 
(ADAMTS13) cleaves between the tyr1605 and met1606 resi-
dues in the central A2 domain of VWF decreasing its activity. 
The levels of ADAMTS13 and VWF are positively correlated 
with the risk of developing thrombosis and inversely correlated 
with the risk of bleeding. A total of 93 patients were observed, 
who underwent total hip arthroplasty or total knee arthro-
plasty. Blood samples were collected preoperatively and on 
postoperative days (PODs) 1, 2, 3, 5 and 7. Plasma levels of the 
ADAMTS13 antigen were determined using western blotting. 
The proteolytic activity was validated with the FRETS‑VWF73 
assay. VWF:Ag and VWF:RCo activity were measured using 
an enzyme‑linked immunosorbent assay. Prothrombin time 
(PT), activated partial thromboplastin time (APTT), thrombin 
time (TT), antithrombin III and plasma fibrinogen levels were 
measured on a Sysmex® CA500 system with corresponding 
reagents. D‑dimer levels were measured on a STA‑R fully 
automated coagulation analyzer. The results demonstrated that, 
the levels of VWF antigen and activity in the patient increased 
from postoperative day (POD) 1. By contrast, the level of the 
ADAMTS13 antigen and its activity in the patients decreased 

significantly. Starting on POD1, fibrinogen and D‑dimer levels 
increased. No significant changes were observed in PT, APTT 
and TT. It was concluded that the ADAMTS13 and VWF 
levels exhibited a marked association with thrombosis risk. 
The levels of ADAMTS13 and VWF may be potentially useful 
as markers for predicting thrombotic complications following 
arthroplasty and inhibiting the activity of VWF may be a novel 
prophylaxis to reduce postoperative deep venous thrombosis 
and pulmonary embolism.

Introduction

Hemostasis is a physiological host defense mechanism focused 
on the arrest of bleeding following vascular injury. It preserves 
vascular integrity and prevents excessive blood loss. Arrest of 
bleeding requires rapid formation of hemostatic plugs at sites 
of vascular injury to prevent exsanguination. This depends 
on a complex series of regulatory pathways that activate the 
platelets and the coagulation system. By contrast, excessive 
activation of the coagulation system may lead to thrombosis (1). 

Total hip arthroplasty (THA) and total knee arthroplasty 
(TKA) have been performed with increasing frequency in 
previous years. In patients undergoing THA or TKA, different 
patterns of altered venous hemodynamics and hypercoagula-
bility have been identified, thus the rate of distal deep venous 
thrombosis (DVT) has increased (2). In addition, the risk of 
venous thrombosis embolism (VTE) in THA and TKA is 
among the highest for all surgical procedures (3). VTE can be 
treated, however when left untreated it may be fatal (4).

Thrombosis and hemostasis are dependent upon the involve-
ment of von Willebrand factor (VWF) and the involvement of 
VWF is a result of competition between the biosynthesis of 
large VWF multimers and their degradation by A disintegrin 
and metalloproteinase with thrombospondin motif, member 
13 (ADAMTS13) (5). ADAMTS13 is a member of a family 
of proteases termed ADAMTSs (6,7). ADAMTS13 has been 
identified as a VWF cleaving protease, which cleaves between 
the Tyr1605 and Met1606 residues in the central A2 domain of 
VWF (8‑10) to inhibit the activity of VWF. VWF is a carrier 
protein for factor VIII (FVIII) and once bound to platelets 
and the extracellular matrix may promote platelet aggregation 
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or platelet adhesion to areas of vascular damage (5). Several 
studies have found that FVIII and VWF levels were inde-
pendently associated with venous thromboembolism and 
suggested that VWF may make a significant contribution to 
the risk of venous thrombosis, independent of FVIII (11,12).

In the present study, blood samples were collected from 
patients who underwent a THA or TKA and the changes of 
procoagulant/fibrinolytic factors were analyzed, particularly 
VWF and ADAMTS13.

Patients and methods

Patients. This study conformed to the ethical guidelines of 
the 2004 Declaration of Helsinki and was approved by the 
institutional Ethics Committee at the First Affiliated Hospital 
of Soochow University, (Suzhou, China). Between June 2012 
and March 2013, a total of 93 patients (58 females and 35 
males; age, 44‑84 years; mean age, 59.5 years) who underwent 
a THA or TKA were enrolled in the present study after written 
informed consent had been provided. The exclusion criterion 
was a history of abnormal bleeding.

Collection and processing of blood samples. Blood samples 
were obtained on the day of surgery and the mornings of the 
first, second, third, fifth and seventh postoperative days (PODs). 
The blood samples were collected by venipuncture into plastic 
tubes containing 1/9th volume 0.109 mol/l buffered trisodium 
citrate. For the analysis of prothrombin time (PT; %), activated 
partial thromboplastin time (APTT), thrombin time (TT), 
fibrinogen level, ADAMTS13 level and VWF level, platelet 
poor plasma was obtained by centrifugation at 2,500 x g for 
15 min at 4˚C and stored at ‑80˚C until further analysis. The 
normal human plasma pool was composed of the plasma of 
25 normal individuals with different ABO blood groups.

Coagulation assessment. PT, APTT, TT, antithrombin  III 
and plasma fibrinogen were measured on a Sysmex® 
CA500 system (Sysmex Corporation, Chuo‑ku, Japan). PT 
was measured using the Thromborel® S reagent (Siemens 
Healthcare Diagnostics, Marburg, Germany), PT international 
normalized ratio was calculated as the reaction time of the 
sample (sec) divided by the reaction time of the normal plasma 
(sec). APTT was measured using the Dade® Actin® Activated 
Cephaloplastin reagent (Siemens Healthcare Diagnostics). 
TT was measured using the Test Thrombin reagent (Siemens 
Healthcare Diagnostics). Antithrombin III was measured using 
the Berchrom® Antitrombina III reagent (Siemens Healthcare 
Diagnostics). D‑dimer was measured on a STA‑R fully auto-
mated coagulation analyzer with the corresponding reagents 
(Diagnostica Stago, Asnieres, France).

Plasma ADAMTS13 antigen determination. Plasma 
ADAMTS13 antigen was determined by western blotting using 
known concentrations of a recombinant ADAMTS13, which 
was provided by Jiangsu Institute of Hematology (Jiangsu, 
China), as a reference  (13). Each sample was subjected to 
an 8% SDS‑PAGE together with a serial dilution of recombinant 
ADAMTS13 (from 0.5‑2 µM) and then analyzed by western 
blotting with a 1:3,000 dilution of anti‑human ADAMTS13 
rabbit polyclonal antibody (ab28274; Abcam, Cambridge, 

UK) in 0.1% Tween‑20 in phosphate‑buffered saline (PBS). 
Chemiluminescence was detected with SuperSignal West Pico 
(Thermo Scientific, Rockford, IL, USA). Proteins were quanti-
fied with the calibration curve of recombinant ADAMTS13, 
determined by densitometry with ImageJ software 1.46r 
(National Institutes of Health, Bethesda, MA, USA).

Cleavage of fluorescence resonance energy transfer substrate 
VWF73 by plasma ADAMTS13. Fluorescence resonance 
energy transfer substrate VWF73 (FRETS‑VWF73) was 
provided by Dr Xinglong Zheng (The Children's Hospital of 
Philadelphia, Philadelphia, PA, USA). FRETS‑VWF73 is a 
chemically synthesized fluorogenic peptide, containing the 
73‑amino‑acid residues between D1596 and R1668 in the 
A2 domain of VWF (14). The normal human plasma (NHP) 
from 25 normal individuals with different ABO blood groups 
was mixed as the standard plasma. The blood samples were 
diluted in a pH  6.0 buffer containing 5  mmol/l Bis‑Tris, 
25 mmol/l CaCl2 and 0.005% Tween‑20. The NHP was diluted 
at the ratio of 1:12.5, 1:25, 1:50, 1:100, 1:200 and 1:400, as 
standard. A total of 50 µl of the diluted samples was added 
to an enzyme immunoassay/radioimmunoassay plate (Costar, 
Corning, NY, USA) and then 50 µl of fluorescein‑labeled 
VWF73 was added to each well as the substrate and mixed 
well. After 5 min, the absorbance of each sample was read at 
485/530 nm every 2 min 30 times with a Varioskan™ Flash 
Multimode Reader (Thermo Fisher Scientific Inc., Vantaa, 
Finland)

VWF:Ag enzyme‑linked immunosorbent assay (ELISA). 
VWF:Ag was measured by an ELISA with paired antibodies 
against human VWF, SZ29 and SZ34 from Jiangsu Institute of 
Hematology (Suzhou, China) (15). Microtiter plates (96 well) 
were coated overnight at 4˚C with 100 µl/well of monoclonal 
anti‑VWF antibody SZ‑29 (1:1,000; Jiangsu Institute of 
Hematology) (15) in coating buffer (0.05 M carbonate/bicar-
bonate buffer, pH 9.6). The plates were washed three times with 
0.1% Tween‑20 in PBS (PBST) and blocked overnight at 4˚C 
with 2% (w/v) bovine serum albumin (BSA) in PBST, followed 
by washing with PBST. Standard plasma pool dilutions (1:20, 
1:50, 1:100, 1:200, 1:500 and 1:1,000) and diluted test samples, 
all in 0.2% BSA‑PBST, were added in duplicate to the wells 
and incubated for 2 h at 37˚C. Following washing, the samples 
were incubated with an anti‑human VWF mouse monoclonal 
antibody SZ‑34 labeled with horseradish peroxidase (HRP; 
1:6,000 in 0.2% BSA‑PBST) obtained from the Jiangsu Institute 
of Hematology  (15) for 2  h at 37˚C and then detected by 
tetramethyl benzidine (TMB; Thermo Scientific) reaction and 
absorbance measurement as described previously (16).

VWF: RCo‑ELISA. Microtiter wells (Nunc‑immunoplate; 
Nunc AS, Kamstrup, Denmark) were coated with 100 µl of 
mAb SZ‑151 at 10 µg/ml in coating buffer and incubated 
overnight at 4˚C. The wells were washed with PBST three 
times and then blocked with 2% BSA‑PBST for 2 h at 37˚C. 
Subsequently, the wells were incubated with TBST (0.025 M 
Tris‑buffered saline with 0.1% Tween‑20, pH 7.4) containing 
4 µg/ml recombinant fragment of platelet glycoprotein Ibα 
(rfGPIbα) for 2 h at 37˚C. Following washing the plates six 
times with TBST, the mixed‑plasma pool as standard (diluted 
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from 1:50 to 1:3,200) and test samples (diluted 1:50) containing 
760 µg/ml ristocetin (Sigma, St. Louis, MO, USA) were added 
to the plates with captured rfGPIbα and incubated for 2 h at 
37˚C. Following washing, bound VWF was incubated with 
HRP‑conjugated rabbit anti‑human VWF antibody (P0226; 
Dako‑Cytomation, Glostrup, Denmark) for 1 h at 37˚C and 
was detected with TMB. The reaction was stopped with 3 M 
H2SO4 and the absorbance of each sample was read at 450 nm, 
as previously described (16).

Statistical analysis. All results are expressed as the mean ± stan-
dard deviation. Statistical significance was analyzed using 
the Friedman's test (a repeated measures analysis of variance 
for nonparametric data). P<0.05 was considered to indicate 
a statistically significant difference. Statistical calculations 
were performed using Prism5 (GraphPad Software, La Jolla, 
CA, USA).

Results

Patient complications. Of the 97 patients primarily enrolled 
in the present study, four were excluded from the analysis due 
to the requirement for an intraoperative transfusion of fresh 
frozen plasma. A total of 51 patients underwent THA and 
42 had a TKA. During the 7 day postoperative observation 
period, no apparent clinical thromboembolic complications 
were recorded. The demographic data are summarized in 
Table I.

PT, APTT and TT levels. PT, APTT and TT were measured 
on a Sysmex CA500 system. The reference ranges were: PT, 
10.8‑13.6 sec; PT‑INR, 0.800‑1.500 sec; APTT, 23.0‑37.0 sec; 
and TT, 14.0‑21.0 sec, respectively. The results of the PT, 
APTT and TT are presented in Fig. 1. The mean PT, APTT 
and TT remained within reference limits throughout the entire 
observation period.

Antithrombin  III, plasma fibrinogen and D‑dimer levels. 
Antithrombin  III and plasma fibrinogen were measured 
with a Sysmex CA500 system. D‑dimer was measured on a 
STA‑R fully automated coagulation analyzer. The reference 
ranges are as follows: Antithrombin III, 70‑125%; fibrinogen, 

Table I. Demographic data.

Characteristic	 Variable

Female	 58 (62.36%)
Male	 35 (37.63%)
Age (years)	 59.5 (44‑84)
Total hip arthroplasty	 51 (54.83%)
Total knee arthroplasty	 42 (45.16%)

Total number of patients = 93. Values are presented as a number 
(percentage of patients) or median.

Figure 1. PT, APTT and TT levels. (A) PT level. (B) The PT‑INR was obtained by conversion of the prothrombin ratio into internationally comparable values using 
the International Sensitivity Index. The prothrombin international normalized ratio was obtained by divinding the reaction time of the sample by the reaction time 
of the normal plasma pool. (C) APTT level. (D) TT level. (A), (C) and (D) were measured on a Sysmex® CA500 system (Sysmex® Corporation, Chuo‑ku, Japan). 
The mean PT, APTT and TT levels remained within reference limits throughout the entire observation period. The results are expressed as the mean ± standard 
deviation; *P<0.05, compared with POD0. PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; POD, post‑operative day; INR, 
international normalized ratio.

  B  A

  C   D



LIU et al:  CHANGES IN VWF AND ADAMTS-13 IN PATIENTS FOLLOWING ARTHROPLASTY3018

Figure 2. Antithrombin III, plasma fibrinogen and D‑dimer levels. (A) Antithrombin III and (B) plasma fibrinogen levels were measured with a Sysmex® 
CA500 system (Sysmex® Corporation, Chuo‑ku, Japan). (C) D‑dimer levels were measured on a STA‑R fully automated coagulation analyzer. The mean level 
of antithrombin III was found to be significantly below preoperative values on POD1 and POD2; however, it remained within the normal range and returned 
to preoperative values by POD3. On POD1, D‑dimer levels were observed to increase significantly above preoperative levels. From POD2, the mean level of 
fibrinogen also increased significantly. During the 7 days following surgery, D‑dimer and fibrinogen continued to increase. The results are expressed as the 
mean ± standard deviation; *P<0.05, compared with POD0. POD, post‑operative day.

  B  A

  C

Figure 3. ADAMTS13 and VWF levels. (A) To examine the concentration of plasma ADAMTS13, equivalent fractions of each sample were subjected to 
8% SDS‑PAGE followed by western blot analysis. The result indicates that the mean level of plasma ADAMTS13 decreased continuously from POD1 com-
pared with the preoperative level. (B) FRETS‑VWF73 assay was used to validate the proteolytic activity of the ADAMTS13. The plasma ADAMTS13 activity 
was defined as the value divided by that of the normal human plasma diluted at 1:25 and multiplied by 100. The mean level of plasma ADAMTS13 proteolytic 
activity was also decreased from POD1. (C) VWF antigen and (D) VWF activity levels were measured with ELISA as described previously (14). The present 
results revealed that the VWF antigen and activity were increased significantly above preoperative levels as the plasma ADAMTS13 and its proteolytic activity 
decreased. The results are expressed as the mean ± standard deviation; *P<0.05, compared with POD0. VWF, von Willebrand factor; ADAMTS, a disintegrin 
and metalloproteinase with thrombospondin motifs; POD, post‑operative day.

  B  A

  C   D
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2.000‑5.000 g/l; and D‑dimer, 0.01‑0.5 µg/ml. The results for 
antithrombin III, plasma fibrinogen and D‑dimer are presented 
in Fig. 2. The mean level of antithrombin III was observed 
to be significantly below preoperative values on POD1 and 
POD2 (P<0.05), however it remained within the normal range 
and returned to preoperative values by POD3. On POD1, 
D‑dimer was observed to increase significantly above preop-
erative levels. From POD2, the mean level of fibrinogen also 
increased significantly. During POD7 D‑dimer and fibrinogen 
levels remained raised (P<0.05).

ADAMTS13 and VWF. The results of the ADAMTS13 and 
VWF are presented in Fig. 3. To examine the concentration 
of plasma ADAMTS13, equivalent fractions of each sample 
were subjected to an 8% SDS‑PAGE followed by western blot 
analysis. The result indicates that the mean level of plasma 
ADAMTS13 decreased continuously from POD1 compared 
with the preoperative level (P<0.05). The FRETS‑VWF73 assay 
was used to validate the proteolytic activity of the ADAMTS13. 
VWF73 is a peptide fragment from the VWF A2 domain 
that contains the proteolytic site of ADAMTS13. The plasma 
ADAMTS13 activity was defined as the value divided by that of 
the normal human plasma diluted at 1:25 and multiplied by 100. 
The mean level of plasma ADAMTS13 proteolytic activity also 
decreased from POD1 (P<0.05). VWF antigen and activity were 
measured with ELISA as described previously (16). The present 
results demonstrated that the VWF antigen and activity were 
increased significantly above preoperative levels (P<0.05) as the 
plasma ADAMTS13 and its proteolytic activity decreased. 

Discussion

A total of 93 patients were assessed, who underwent either a 
THA or a TKA The present study demonstrated that no signifi-
cant changes were observed for PT, APTT and TT; the mean 
level of antithrombin III was found to be significantly below 
preoperative values on POD1 and POD2 and the fibrinogen and 
D‑dimer levels were increased continuously during the 7 days 
following surgery. The levels of VWF antigen and activity were 
increased significantly above preoperative levels, and the plasma 
ADAMTS13 and its proteolytic activity decreased continuously 
from POD1 to POD7.

A study of 252 patients who underwent a total joint arthro-
plasty revealed that the prevalence of DVT was 32% (16% 
distal, 16% proximal) following THA and 66% (50% distal, 
16% proximal) following TKA, without routine chemical or 
mechanical prophylaxis (17). A prospective epidemiological 
study was performed in 19 centers across Asia, in patients 
undergoing elective THA, TKA or hip fracture surgery (HFS) 
without pharmacological thromboprophylaxis. The results 
revealed that total DVT and proximal DVT rates were highest 
in TKA patients (58.1 and 17.1%, respectively), followed by 
HFS patients (42.0 and 7.2%, respectively) and THA patients 
(25.6 and 5.8%, respectively). DVT was more frequent in 
female patients aged at least 65 years. The rate of venographic 
thrombosis in the absence of thromboprophylaxis following 
major joint surgery in Asian patients is similar to that previ-
ously reported in patients in Western countries (18). 

There is evidence that, during surgery, dysfunction of the 
coagulation activation system may be responsible for hemor-

rhage. In addition, anesthetic techniques have also been 
observed to affect hemorheological and hemostasiological 
parameters (19). These clinically significant hemorheological 
and hemostasiological alterations include: Hyperreagibility 
of platelets with increased aggregation and adhesion 
tendency; changes in fibrinogen, albumin and globulin 
concentrations, which affect viscosity and erythrocyte aggre-
gation and impairment of deformability; increase in clotting 
factors and disturbance of fibrinolysis  (20‑22). Patients 
undergoing surgical procedures have been subject to inves-
tigation, in which thrombin activation parameters, clotting 
factors, fibrinolysis and thrombelastographic changes were 
examined in order to determine whether hypercoagulation 
occurs (23‑27). The present study revealed that no significant 
changes were observed for PT, APTT and TT; the mean 
level of antithrombin III was found to be significantly below 
preoperative values on POD1 and POD2, and the fibrinogen 
and D‑dimer levels were increased continuously during the 
7 days following surgery. These results are consistent with 
previous studies (23,27). It was also observed that the levels 
of VWF antigen and activity were increased significantly 
above preoperative levels as the plasma ADAMTS13 and 
its proteolytic activity decreased continuously from POD1 
to POD7. By contrast, following surgery, a number of secre-
tagogues, including thrombin, fibrin, histamine, the C5b‑9 
complement complex and several inflammatory cytokines 
triggered the secretion of VWF from its storage site in the 
Weibel‑Palade body. While constitutively secreted multimers 
of VWF are of a relatively small size, the multimers stored 
within the Weibel‑Palade body are the largest, most biologi-
cally potent form (28). By contrast, as the proteolytic activity 
of ADAMTS13 was impaired, the feedback proteolysis of 
VWF by ADAMTS‑13 was decreased. The ultra large VWF 
in the plasma, which was secreted from the Weibel‑Palade 
body, and its activity increased. 

A population‑based patient‑control study was undertaken 
to elucidate the roles of the ABO blood group, VWF and clot-
ting factor VIII in the process of DVT (11). Using univariate 
analysis, it was identified that blood group, VWF concentration 
and factor VIII concentration were all associated with DVT. 
The present study also suggested that the thrombosis risk asso-
ciated with high VWF was mediated through factor VIII (11). 
Another study with samples obtained from 19,237 adults 
demonstrated that Factor VIII and VWF were linearly asso-
ciated with increased risk of venous thromboembolism and 
suggested that VWF may make a significant contribution 
to the risk of venous thrombosis, independent of FVIII (12). 
VTE is a serious complication following major orthopedic 
surgery and ~10% of mortality in hospitals is attributed to PE. 
There are several strategies to prevent this, including pharma-
cological and mechanical approaches (29). As high VWF is 
an independent risk factor of venous thrombosis, inhibiting 
the activity of VWF may be a novel form of prophylaxis to 
reduce postoperative DVT and PE, such as a monoclonal 
antibody SZ123, which was demonstrated to prevent in vivo 
thrombus formation by inhibiting VWF A3‑collagen and 
VWF A1‑platelet interactions (30).

In conclusion, the plasma ADAMTS13 and its proteolytic 
activity decreased as the level of VWF antigen and activity 
were increased significantly above preoperative levels 
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following surgery. It is expected that the ADAMTS13 and 
VWF levels may be potentially useful markers in predicting 
thrombotic complications following arthroplasty and inhib-
iting the activity of VWF may be a novel prophylaxis to reduce 
postoperative DVT and PE. 
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