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Abstract

One common complication after joint arthroplasty is venous thromboembolism (VTE). Therefore, it is essential to measure the
changes in coagulation and fibrinolysis in order to predict VTE among patients who underwent joint arthroplasty. This study aimed
to identify potential useful biomarkers for prognosing to VTE. This was a prospective cohort study enrolling 83 patients who
underwent joint arthroplasty. The levels of b-dimer, thrombin—antithrombin complex (TAT), plasmin—o2-antiplasmin complex
(PIC), soluble thrombomodulin, and tissue plasminogen activator inhibitor complex were measured on day 0 (before surgery) and
days |, 3, and 6 after surgery. Ultrasound examination was used to diagnose VTE on preoperative day 0 and postoperative day 6.
A total of 35 patients developed VTE after surgery. Patients with VTE exhibited significantly higher levels of b-dimer and TAT on
postoperative days 3 and 6 (all P < .05). The area under curves (AUC) of receiver operating characteristic (ROC) were 0.65 and
0.68 and 0.68 and 0.74 for p-dimer and TAT levels on postoperative days 3 and 6, respectively. The level of TAT/PIC ratio on
postoperative day 6 was significantly increased among patients with VTE compared to non-VTE patients (P < .0001). In addition,
the AUC of ROC, cutoff level, sensitivity, specificity, positive-predictive value, and negative-predictive value of TAT/PIC ratio
were 0.78, 4.03 ng/TU, 97.14%, 33.33%, 51.52%, and 94.12%, respectively. The high sensitivity and negative predictive value of
TAT/PIC ratio make it a potential prognostic index for diagnosing VTE during the early phase of postoperative joint arthroplasty.
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surgery, approximately 30% to 50% patients in Western coun-
tries and approximately 10% to 30% of patients in Asian coun-
tries have small thrombus without any clinical symptoms.'*-'?
These asymptomatic small emboli tend to grow and be fatal if
the patients do not receive appropriate precautionary

Introduction

One of the most common complications after total joint arthro-
plasty is venous thromboembolism (VTE), and its incidence
rate is relatively high.'” Clinical trials show that the rate of
deep VTE is 42% to 57% in Western countries and 23% to 42%
in Japan among patients who received no antithrombotic pro-
phylaxis after total hip arthroplasty.®’ The early diagnosis of

VTE after joint arthroplasty is of great importance for predict-
ing the prognosis and outcome. Ultrasound imaging has been
found to be useful in diagnosing VTE. According to American
College of Chest Physicians 9 (ACCP 9), venography and ultra-
sound are used only when patients had developed VTE and
exhibited clinical symptoms, such as pain, swelling, and so
on.® However, during the early phase of postoperative joint
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measures.>'*!3 Joint arthroplasty can lead to an unbalance
between coagulation and fibrinolysis,*'® and the disturbances
in coagulation and fibrinolysis occur before the formation of
emboli.”'”"' Hence, the coagulation and fibrinolysis indices
may become abnormal prior to imagological examination.
Therefore, it is necessary to identify accurate biomarkers that
reflect the changes in coagulation and fibrinolysis in order to
predict the occurrence of postoperative VTE, especially symp-
tomatic and fatal pulmonary embolism.'” p-Dimer is a product
of cross-linked fibrin clots after lysis via activated plasmin.'®>°
Thrombin—antithrombin (TAT) is a complex that reflects the
formation of thrombin,'®'->* while plasmin-o2-antiplasmin com-
plex (PIC) is a fibrinolytic marker that directly reflects the gener-
ation of plasmin.'®'®2* In addition, both soluble thrombomodulin
(sTM) and tissue plasminogen activator inhibitor complex
(t-PAIC) are the markers involved in the endothelial system.?***
Previous studies have reported that high levels of p-dimer and
TAT are correlated with postoperative VTE."*!71%26 Besides,
TM can combine with thrombin to activate protein C and thus
prevent coagulation.”*’=? Research studies have demonstrated
that level of sTM increases after joint arthroplasty,®*-**
and Kearon et al found that recombinant human sTM is an effec-
tive agent to prevent thrombosis after orthopedic surgery.’!
McLawhorn et al have demonstrated that the level of PIC
increases significantly 4 hours after total knee arthroplasty.**
According the findings of Sharrock et al, the level of t-PAIC
increases after joint arthroplasty.*? These research studies illus-
trate that p-dimer, TAT, sTM, PIC, and t-PAIC are associated
with VTE after joint arthroplasty.

According to ACCP, antithrombotic drugs are recom-
mended rather than no antithrombotic prophylaxis for a mini-
mum of 10 to 14 days.® Studies have demonstrated that aspirin
provided comparable VTE prophylaxis compared to factor Xa
inhibitors, enoxaparin, and warfarin with the lowest risk of
bleeding.***® And using antiplatelet therapy does not affect
the changes in coagulation and fibrinolysis. In our hospital,
surgeons choose aspirin as the antithrombotic treatment. There-
fore, this study aimed to identify a prognostic marker for VTE
among patients undergoing total joint arthroplasty.

Patients and Methods
Study Design

This cohort study was carried out prospectively.

Patient Recruitment

Patients who had undergone total joint arthroplasty were
included in this study. They were confirmed to have no VTE
before surgery according to the results of ultrasound scan. For
exclusion criteria, those with activated inflammation, cancer,
activated bleeding or VTE, atrial fibrillation, pregnancy,
thrombophilia, and warfarin or other antithrombotic therapy
were excluded from the study. A total of 100 patients who
underwent joint arthroplasty were recruited at the Department
of Adult Reconstructive Surgery, Beijing Jishuitan Hospital

from October 2017 to October 2018. After excluding 17
patients based on our exclusion criteria, 83 patients, including
27 males and 56 females, were ultimately enrolled. All patients
received 100 mg of aspirin on day 1 after surgery.

Ultrasound Examination

All patients underwent bilateral lower extremity venous
Doppler ultrasonography on preoperative day O and post-
operative day 6. According to the results of ultrasound scan
on day 6, all patients were divided into 2 groups: VTE
group and non-VTE group.

Biomarker Analysis

Blood samples were collected from the antecubital vein into a
tube containing 3.2% trisodium citrate in the morning of days
0, 1, 3, and 6 before and after the operation. Then, the samples
were tested immediately after they were collected. Measure-
ment of b-dimer was performed using an immunoturbidimetry
method (Sysmex 5100, corollary regent, Japan), while TAT,
PIC, sTM, and t-PAIC were assayed by a chemiluminescence
method (Sysmex HISCAL 5000, corollary regent, Japan). The
reference ranges of p-dimer, TAT, PIC, and TM are 0.15 to
0.25 mg/L FEU, 0.00 to 4.00 ng/mL, 0.00 to 0.80 pg/mL,
and 3.80 to 13.30 TU/mL, respectively. The reference levels
of t-PAIC are 0.00 to 10.50 ng/mL in females and 0.00 to
17.00 ng/mL in males, respectively.

Statistical Analysis

Statistical analyses were performed using SPSS 23.0 and
Graphpad Prism 7.0. All data were presented as median
(2.5th, 97.5th percentiles). The levels of p-dimer, TAT, PIC,
TM, t-PAIC, and TAT/PIC ratio were compared between
patients with and without VTE on days 0, 1, 3, and 6 days
before and after the surgery. Mann-Whitney U test was used
to analyze the data of p-dimer, TAT, PIC, TM, t- PAIC, and
TAT/PIC. In all figures, the horizontal bars represented the
medians and the vertical bars represented the 2.5th and 97.5th
percentiles. Data assessment was carried out using a receiver
operating characteristic curve (ROC) analysis. P values of less
than .05 were considered statistically significant.

Results

The presence of VTE in 35 of the 83 patients was confirmed by
ultrasound examination within the first 7 days after surgery,
and their demographic and clinical characteristics are presented
in Table 1. The measurement results of p-dimer, TAT, PIC,
TM, t-PAIC, and TAT/PIC are shown in Table 2. Notably, the
levels of p-dimer on postoperative days 3 and 6 were signifi-
cantly increased in patients with VTE compared to those with-
out VTE (P = .0172 and P = .0065, respectively). In addition,
patients with VTE exhibited higher levels of TAT on post-
operative days 3 and 6 (P = .0040 and P <.0001, respectively).
Besides, the levels of PIC, TM, and t-PAIC were higher in
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Table |. Demographic and Clinical Characteristics of Patients With VTE and Non-VTE Patients.”

Items Non-VTE, n = 48 VTE, n =35
Male/female, n/n 19/29 8/27
Age, y 61.00 (40.25-84.20) 66.00 (53.00-79.00)
Basic diseases: AVN/OA/RA/others, n/n/n/n 8/39/0/1 3/32/0/0
Risk factors before operation, n
Previous VTE 0 0
Previous surgery at past 6 months 6 4
Current smoker 7 3
Hypertension 18 21
Hyperglycemia 9 7
Blood type: O/non-O, n/n 4/44 16/19

C-reactive protein, mg/L

Hemoglobin, g/L

Platelets, x [0°/L

Items related to surgery, n/n/n
Anesthetics: general/regional/combined
Prosthesis: cemented/noncemented/hybrid

Time in operation room, h

Estimated blood loss, mL

Surgical approach: anterointernal/anterior longitudinal midline/posterior lateral, n/n/n

3.45 (1.27-27.88)
136.00 (86.13-173.13)
268.50 (88.13-463.00)

4.07 (1.58-111.00)
131.00 (111.00-165.00)
222.00 (143.00-321.00)

0/1/47
30/18/0

60.00 (50.00-151.00)

50.00 (0.00-887.50)
921/18

0/0/35
26/9/0
60.00 (48.00-120.00)
50.00 (0.00-1200.00)
5/21/9

Abbreviations: AVN, avascular necrosis; OA, osteoarthritis; RA, rheumatic arthritis; VTE, venous thromboembolism.

*Data are expressed as median (2.5th, 97.5th percentiles).

patients with VTE than those without VTE before surgery and
on days 1, 3, and 6 after surgery but did not achieve statistical
significance. Furthermore, the level of TAT/PIC ratio on post-
operative day 6 was significantly increased in patients with
VTE compared to without VTE (P < .0001). As shown in
Figure 1, the area under the ROC curves of p-dimer on post-
operative day 3 was 0.65, and its cutoff level was 2.26 mg/L
FEU, with sensitivity and specificity of 47.06% and 85.42%,
respectively. On postoperative day 6, the area under the ROC
curves, cutoff level, sensitivity, and specificity of b-dimer were
0.68, 5.21 mg/L FEU, 47.06%, and 89.58%, respectively.
Meanwhile, the area under the ROC curves of TAT on post-
operative day 3 was 0.68, and its cutoff level was 10.40 ng/mL,
with the sensitivity and specificity of 51.43% and 83.33%,
respectively. On postoperative day 6, the area under the
ROC curves, cutoff level, sensitivity, and specificity of TAT
were 0.74, 8.80 ng/mL, 51.43%, and 89.58% (Figure 1).
Notably, the ratio of TAT/PIC on postoperative day 6 dis-
played the largest area under the ROC curves (0.78). In
addition, the cutoff level of TAT/PIC was 4.03 ng/TU,
along with a sensitivity of 97.14%, a specificity of
33.33%, a positive predictive value of 51.52%, and a neg-
ative predictive value of 94.12% (Figure 2).

The reference range of p-dimer, TAT, PIC, TM, and t-PAIC
(female)/(male) is 0.15 to 0.25 mg/L FEU, 0.00 to 4.00 ng/mL,
0.00 to 0.80 pg/mL, 3.80 to 13.30 TU/mL, and 0.00 to 10.50/
0.00 to 17.00 ng/mL, respectively.

Discussions

Venous thromboembolism is a common and serious complica-
tion after joint arthroplasty.?*>7=® In this study, nearly 45% of

patients who underwent joint arthroplasty had VTE even
though they had received antithrombotic prophylaxis. From
this point of view, the presence of VTE should be diagnosed
as early as possible in order to prevent this severe complica-
tion. During the early stage of VTE, the disturbances in coa-
gulation and fibrinolysis occur before the activation of
thrombosis.'*>*'’"!” Hence, the coagulation indices may
become abnormal prior to imagological examination. More-
over, joint arthroplasty can lead to an unbalance between
coagulation and fibrinolysis.®'® The changes in TAT, p-
dimer, PIC, TM, and t-PAIC levels may be associated with
the occurrence of VTE.?® In the present study, the levels of
TAT and p-dimer were significantly different between
patients with and without VTE on postoperative days 3 and
6 (both P < .05). Considering that TAT levels can reflect the
levels of thrombin formation, the increased levels of TAT
indicate the activation of the coagulation system and contrib-
ute to the risk of VTE.'®?%%3 Yukizawa et al demonstrate that
the levels of TAT in patients with VTE are higher than those
without VTE after joint arthroplasty, which are consistent
with our findings.® p-Dimer is formed as a result of plasmin
digestion of cross-linked fibrin and therefore only occurs
when both clotting and fibrinolytic systems are acti-
vated.'®'®2%3% A high level of p-dimer indicates the forma-
tion of fibrin thrombus.*® The first study by Dunn et al
demonstrates that p-dimer level is elevated in patients with
VTE on postoperative days 1, 3, and 6.*' Following that,
numerous studies have reported that the increased level of
p-dimer is correlated with postoperative VTE."*!7!8 Taken
altogether, p-dimer is considered a good biomarker to diag-
nose VTE.***** Nevertheless, the levels of PIC, sTM, and t-
PAIC were not significantly different between the 2 patient
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Day 6
4.84 (1.82-20.76)°

8.90 (3.80-16.70)°
11.50 (7.50-17.40)

Day 3
1.76 (0.53-7.08)°

VTE
2.70) 17.50 (7.10-37.00) 10.50 (4.10-19.40)°

Day |
2.88 (0.41-27.05)

Day 0
0.42 (0.17-6.79)

Day 6
3.95 (1.14-10.28)°
6.10 (2.15-12.60)°

10.20 (7.02-16.36)

Day 3
1.35 (0.53-4.83)°
8.00 (2.91-20.38)°

10.30 (6.11-15.63)

Non-VTE

Day |
2.63 (0.49-17.51)
14.35 (3.97-45.24)

Day 0

Table 2. Concentrations of d-Dimer, TAT, TM, PIC, t-PAIC, and TAT/PIC on Day 0 (Before Surgery), |, 3, and 6 After Surgery.?

p-Dimer, mg/L FEU 0.32 (0.09-5.85)

TAT, ng/mL

groups. Plasmin—o2-antiplasmin complex is a complex of
plasmin and o2-antiplasmin, and its levels are increased fol-
lowing the activation of the fibrinolytic system.'®** Wata-
nabe et al have found that the inactivation of o2-antiplasmin
may prevent the occurrence of VTE after joint arthroplasty.’
Besides, sTM and t-PAIC are the 2 markers involved in the
endothelial system,>***> which may be important for VTE risk
prediction. Thrombomodulin can combine with thrombin to
activate protein C*7**%3 and thus prevent coagulation.?*3%4
According to the findings of Kearon et al,>' recombinant
human sTM is an effective agent for preventing thrombosis
in patients who have undergone orthopedic surgery. Tissue
plasminogen activator inhibitor complex is a complex of tis-
sue plasminogen activator and plasminogen activator inhibi-
tor-1,*7*® in which the t-PA is released from endothelial cells
and is involved in the conversion of plasminogen to plas-
min.* Sharrock et al demonstrate that the level of t-PAIC
increases after joint arthroplasty.*? However, the exact causes
for the nonsignificant association of sTM and t-PAIC with
VTE risk in patients undergoing total joint arthroplasty
remain unknown.

In this study, we monitor the time series data of coagulation,
fibrinolysis, and endothelial-related indices on days 0, 1, 3, and
6 days before and after surgery. Although the levels of p-dimer,
TAT, and PIC were elevated after joint arthroplasty, not all
time points showed significant differences between VTE group
and non-VTE group. After surgery, the concentrations of TAT,
D-dimer, and PIC were higher than the baseline before opera-
tion but not sTM and t-PAIC. Our data revealed that both
coagulation and fibrinolysis are activated following joint
arthroplasty. This is probably due to the vascular and bone
injuries that trigger the release of tissue factor—bearing micro-
particle, leading to the activated coagulation cascade (data not
published). As a consequence, the routine coagulation tests,
such as prothrombin time and active partial thromboplastin
time, are not able to reflect these changes.

As aforementioned, the occurrence of VTE is caused by an
unbalance between coagulation and fibrinolysis. Thus, we
designed a new index of TAT/PIC6 to comprehensively explain
the ratio of procoagulation/fibrinolysis on the sixth day after
surgery. The area under the ROC curves of TAT/PIC6 was
0.78 and its cutoff level was 4.03 ng/TU, with the sensitivity
and specificity of 97.14% and 33.33%, respectively. Moreover,
its positive and negative predictive values were 51.52% and
94.12%, respectively. The relatively high sensitivity and nega-
tive predictive values make it a useful index for prognosing
VTE. However, imaging is still needed to confirm the presence
of VTE. Indeed, TAT/PIC6 index can help identify potentially
high-risk patients with VTE who need antithrombotic therapy
and coagulation monitoring. In addition, these biomarkers are
easier and more convenient to be measured compared to ultra-
sound and venography. In clinical practice, it is of particular
significance to prevent VTE in patients undergoing joint arthro-
plasty at the earliest.® In view of this, the early diagnosis of VTE
is of particular importance for the patients who are asympto-
matic following joint arthroplasty. According to ACCP 9,

.18 (0.45-2.35)

9.20 (3.50-18.20)
6.92 (2.57-28.77)°

11.00 (7.00-18.20)
0.79 (0.32-2.39)
7.90 (3.40-18.70)

14.14 (3.50-35.15)

9.10 (6.20-14.70)
1.50 (0.70-9.99)
8.70 (3.90-18.80)

10.27 (4.55-32.92)

1.50 (0.70-
10.30 (7.20-
0.57 (0.28-1.
820 (2.70-
2.68 (1.22-

1.17 (0.61-3.69)
8.60 (2.40-17.20)
474 (1.93-16.88)°

0.63 (0.36-1.59)
7.60 (3.49-20.76)
12.08 (2.90-25.18)

8.65 (5.70-13.24)
1.21 (0.40-3.99)
8.50 (4.64-15.98)

10.04 (4.58-34.48)

|45 (0.42-12.65)
9.90 (6.54-16.20)
0.57 (0.22-1.52)

7.85 (2.68-16.02)
2.73 (0.88-34.81)

Abbreviations: PIC, plasmin—o2-antiplasmin complex; TAT, thrombin—antithrombin complex; TM, thrombomodulin; t-PAIC, tissue plasminogen activator inhibitor complex; VTE, venous thromboembolism.

?Data are expressed as median (2.5th, 97.5th percentiles).

TAT/PIC, ng/TU
bp < .05.

TM, pg/mL
PIC, TU/mL
t-PAIC, ng/mL
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Figure |. (A-D) Receiver operating characteristic (ROC) curves of DD3, DDé6, TAT3, and TAT6. DD3 indicates the level of b-dimer on
postoperative day 3; DD 6, the level of b-dimer on postoperative day 6; TAT 3, the level of thrombin—antithrombin complex on postoperative

day 3; and TAT 6: the level of TAT on postoperative day 6.
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Figure 2. The level (A) and receiver operating characteristic (ROC) curve (B) of TAT6/PIC6. PIC 6 indicates the level of plasmin—o2-antiplasmin
complex on postoperative day 6; TAT 6, the level of thrombin—antithrombin complex on postoperative day 6.

routine ultrasound screening is not recommended if the patients
have asymptomatic VTE.® Alternatively, TAT/PIC6 may be a
great option for VTE prognosis, and it can provide guidance to
surgeons to prevent VTE after joint arthroplasty.

Although the research has reached its aims, there are some
unavoidable limitations. In this study, we only monitor 7 days
of coagulation indices and imagological examination during
patient hospitalization. However, VTE may occur within the
first 3 months after joint arthroplasty. Besides, the number of
participants is small. However, our study demonstrates the

importance of TAT/PIC, and TAT/PIC is a prognostic index
for VTE in joint arthroplasty. Thus, the next step of our
research is to recruit more patients and follow up these patients
in order to establish a complete perspective model of VTE in
patients undergoing joint arthroplasty.

In conclusion, patients who received joint arthroplasty tend
to have a high risk of VTE, which is caused by the unbalance
between coagulation and fibrinolysis. In addition to TAT and
pD-dimer, TAT/PIC6 can serve as an ideal indicator to identify
VTE during the early phase of postoperative joint arthroplasty.
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