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Background: Deep vein thrombosis (DVT) remains a life-threatening complication of arthroplasty. It
remains controversial for anticoagulation strategies after total hip arthroplasty (THA).

Methods: A retrospective study was conducted to determine whether clinical risk factors and/or genetic
variants might predict the development of DVT and find efficient anticoagulation strategies. Nanjing DVT
study (NJDVTS), a retrospective and largest study conducted in a single center included 908 subjects who
received knee or hip arthroplasty.

Results: A total of 328 subjects (215 women and 113 men) who underwent uncemented THA were studied.
Patients were followed up 3 months later after surgery. DVT was tested by contrast venography (CV). We
checked genetic variants for DVT by a case-control study. Logistic regression analysis was performed to
predict of the ability of each covariate and genetic factor. We also used logistic regression analysis with
variable selection for obtaining the prediction model of DVT.

Conclusions: DVT after THA was affected by personal (age) and clinical factors (mechanical compression,
duration of surgery). THA with short duration of surgery did not require prophylactic anticoagulation.

Extended anticoagulation was unnecessary for non-DVT patients after discharge from hospital.
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Introduction pregnancy, hormone therapy, an increase in body-mass index
Deep vein thrombosis (DVT) remains a life-threatening (BMI), history of thromboembolism, and surgery are risk

complication of arthroplasty, despite the development of factors for DVT (1). Despite effective prophylaxis, subclinical

preventive measures. DVT is caused by both acquired and DVT develops soon after surgery in 15% to 20% of patients
genetic risk factors. The identification of persons at high who undergo total hip replacement (THR) (2); symptomatic
risk of DV'T clearly aids prevention of the same. Age, sex, venous thromboembolism develops within 3 months after
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surgery in 2% to 4% of patients (3). The incidence of
venographically detected DVT in Asian patients undergoing
major orthopedic surgery without pharmacological
prophylaxis is as high as 50% after hip fracture surgery (4)
and ranged from 9.8% to 64.3% after THR (4-8).

Multi-center clinical trials have been conducted during
the past few years. Separated into single centers, subjects
with limited cases were included (9-11). Several family and
twin studies indicated that genetic factor accounts for 60%
of DVT risk (12). A number of genetic variants were shown
to increase susceptibility to DV'T. However, only FVL, PT,
MTHFR and CYP4)2 seem consistently associated with
DVT (12-14).

Calf vein thrombosis accounts for the great proportion
of DVT after arthroplasty and most of the DVT cases are
asymptomatic. As indicated, contrast venography (CV)
is the gold standard technique for the diagnosis of DVT,
while compression ultrasound with venous imaging (real-
time B-mode imaging) has been proved to be accurate
for diagnosing only acute, symptomatic proximal DVT.
Therefore, the anti-coagulation effects of referred drugs
confirmed by multi-center clinical trials need to be
examined (9-11). Similar conditions were shown in the
genetic study of DVT (12-14).

We examined all patients who underwent joint surgery
by venography and detailed potential clinical risks. Studies
were conducted to determine whether clinical risk factors
and/or genetic variants might predict the development of
DVT and find efficient anticoagulation strategies.

Methods
Participants

From January 2007 to April 2010, 908 subjects of Nanjing
DVT study (NJDVTS) received CV after hip or knee
surgery. Revision hip replacement, total knee replacement,
revision knee replacement, semi-hip replacement and
cemented THR were excluded. A total of 328 subjects
(215 women and 113 men) who underwent uncemented
total hip arthroplasty (THA) using lateral approach
performed by two skilled orthopedic surgeons were
studied. The prostheses are from the same company. All the
subjects were enrolled consecutively at Center of Diagnosis
and Treatment for Joint Disease, Drum Tower Hospital
Affiliated to Medical School of Nanjing University. All
subjects included in the study were Han Chinese living in
and around Nanjing. No subjects dropped out during the
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study. The study was approved by the ethical committee
of Medical School of Nanjing University, and informed
consent was obtained from the subjects included.

Clinical management and assessment of DVT

In the anticoagulation group, patients received 0.3 mL
(38 International factor Xa inhibitory units per kilogram
of body weight) of low-molecular-weight heparin from
the same company subcutaneously once daily. The dosage
level used as prophylaxis is considered to be moderate.
The first injection was given 12 to 16 hours before surgery
if there was no clinically evident bleeding. Prophylaxis
was continued until venography was performed. All the
patients were examined by CV 3-5 days after operation
and diagnosed by three experienced doctors. Five patients
had CV performed during surgery with and without
retractors. DVT was diagnosed according to the Robinov
group’s criterion (15). If DVT was detected, conventional
thrombolysis treatment was to be started. If not, patients
would not receive any further anticoagulation treatment.

Measurements

Age, sex, DVT related history, diabetes mellitus (DM),
hypertension, cancer, hormone therapy, drug, and
smoking history were recorded. We measured clinical
and biochemical data (weight, height, ABO blood type,
PT, APTT, INR, fibrinogen, RBC, PLT, D-dimmer,
triglyceride, cholesterol), surgery-related data (blood loss,
duration of surgery, EF, Hb, drainage, symptoms of DVT).
The duration of surgery, blood loss, anesthesia and drainage
all were described.

After discharge, patients were followed for up to
3 months after surgery. All subjects received physiotherapy
from the same physiotherapist. CV was performed for the
patients without DV'T in hospital to assess the late onset of
DVT.

Genotyping

We checked two mutations (FVL, PT) in DVT subjects
and association of two SNPs (rs1801133 of MTHFR,
rs13146272 of CYP4V2) with DVT by a case-control study.

DNA was obtained from all the subjects from peripheral
blood using the Chelex-100 method (16) or buccal swabs
using the DNA IQ System (Promega, Madison, WI,
USA) according to manufacturer’s instructions. The SNP
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Table 1 Base-line characteristics of patients underwent total hip

arthroplasty
Characteristics NJDVTS
Age, yr (SD) 63.6 (14.4)
Female sex (%) 65.5
Weight, kg (SD) 61.4 (13.5)
Body-mass index (SD) 23.5 (4.1)
History (%)
DM 10.70
HBP 28.70
Cancer 4.30
DVT 4.60
Smoke 10.40
Hormone therapy 5.80
Diagnosis (%)
OA 45.40
DDH 12.50
Fracture 42.10

NJDVTS, Nanjing DVT study.

rs1801133 and rs13146272 were genotyped using Tagman
assay (Applied Biosystems 7500, ABI, Foster City, CA,
USA) and the two mutations were detected by sequencing.
Genotyping and sequencing were performed by laboratory
personnel who were not informed of the case status, and
two authors independently reviewed the genotyping results,
data entry and statistical analyses.

Statistical analysis

For the comparison of independent factors between the two
groups, 7-test was used. For the evaluation of predicting
ability of each covariate and genetic factor, logistic
regression analysis was performed. We also used logistic
regression analysis with variable selection for obtaining the
prediction model of DVT. In a logistic regression analysis,
the risk score S for a patient is represented as,

S=ﬂ0+,3]X|+ﬂ2X2+.--+ﬂpo [1]

where f, is the constant, f, is the regression coefficient
of each predictive variable X, and number of predictive
variables is p. The variables which showed a significant
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P value in univariate analysis were used in the variable
selection. The forward selection method with Akaike
Information Criteria (AIC) was used for the detection of
the prediction model. The risk score S was used to calculate
probability of developing DV, P(x). Given the risk score
S, the P(x) is given as 1/(1+e”). For the evaluation of
prediction, ROC curve and area under curve (AUC) was
used. The statistical analysis was performed entirely by
statistical software R (17) and ROCR package (18).

Results

The demographic of the studied population was shown in
Table 1.

In total, 31.7% (104/328) of the patients (33.5% and
28.3% in female and male subjects) developed DV'T.
Central DVT accounted for 9.6% (10/104). The incidence
of subjects with an age of over 60 was 34.5% (67/194),
while the remainder was 27.6% (37/134). When stratified
by diagnosis, the incidence of patients with osteoarthritis,
development dysplasia of the hip and fracture of femoral
neck was 28.9% (43/149), 19.5% (8/41), and 38.4%
(53/138), respectively. Stratified by blood type, incidence
of patients with blood type A, B, AB, O was 32.6% (29/89),
33.7% (32/95), 39.4% (13/33), 27.0% (30/111). Smoking
patients had an incidence of 35.3% (12/34), while for non-
smoking subjects this was 31.3% (92/294).

By univariate analysis, greater age, increased duration of
surgery, increased blood red cell count after operation, and
symptoms after operation were independent predictors of
DVT. The significant level was set to 0.05 (Table 2).

Models for personal factors (gender, age, height, weight),
demographic factors (age, sex, weight, height, DV'T related
history, DM, hypertension, cancer, hormone, drug, and
smoke history), biochemical factors [ABO blood type,
PT, APTT, INR, fibrinogen, red blood cell (RBC), PLT,
D-dimmer, triglyceride, cholesterol] and surgery related
factors [blood loss, duration of surgery, left ventricular
ejection fraction (EF), Hb, drainage, symptoms of DVT]
were constructed for the risk factor of DV'T. Age, surgeries
with longer duration and symptoms of DVT were strong
signs of DVT and mechanical compression was a good
inhibitor of DVT (Table 2). We used these covariates to
obtain the prediction equation of DV'T. The risk score for
the prediction was as follows,

S =-2.061+0.021x Age—0.625x Air pressue
+1.448 x Symptom + 0.601x Surgeon 2

Ann Foint 2016;1:3



Page 4 of 9 Annals of Joint, 2016

Table 2 Combination of baseline clinical and genetic factors predicting deep vein thrombosis (DVT) in the Nanjing DVT study

Subject Category OR 95% Cl lower 95% ClI upper P value SD
Sex M 0.78 0.47 1.28 0.33 -
Age, per 1 SD - 1.37 1.09 1.72 0.007 13.22
Height, per 1 SD - 0.95 0.75 1.20 0.65 7.70
Weight, per 1 SD - 0.95 0.74 1.20 0.65 11.78
BMI, per 1 SD - 0.98 0.77 1.25 0.87 4.05
BMI2 - 0.91 0.61 1.36 0.65 -
DM - 1.13 0.54 2.38 0.74 -
HBp - 1.51 0.91 2.49 0.11 -
Cancer - 1.65 0.56 4.87 0.37 -
DVT history - 1.08 0.36 3.23 0.90 -
Transfusion - 0.69 0.30 1.60 0.39 -
Hormone - 1.27 0.48 3.32 0.63 -
Smoke - 1.19 0.57 2.51 0.64 -
Osteoarthritis 1 1.21 0.21 6.94 0.83 -
Developmental dysplasia of the hip 2 0.70 0.12 4.25 0.70 -
Fracture of femoral neck 3 0.67 0.09 4.81 0.69 -
PT, per 1 SD - 1.05 0.85 1.29 0.67 0.93
APTT, per 1 SD - 1.12 0.90 1.39 0.31 11.04
INR, per 1 SD - 0.82 0.66 1.02 0.07 12.47
D.dimer variation, per 1 SD - 2.07 0.68 6.25 0.20 1.63
Blood lose, per 1 SD - 0.94 0.74 1.18 0.59 354.24
Time of the surgery, per 1 SD - 1.16 0.92 1.46 0.20 41.77
Bone cement - 0.85 0.16 4.48 0.85 -
Drainage, per 1 SD - 0.93 0.70 1.23 0.61 276.56
Day of venography - 1.10 0.91 1.33 0.31 -
Anti.CO 2 1.05 0.62 1.78 0.84 -
Anti.CO 3 N/A 0.00 Inf 0.98 -
Anti.CO, 1 1.08 0.64 1.83 0.77 -
Air pressure therapy - 0.42 0.23 0.77 0.005 -
Symptom - 5.38 2.23 12.94 0.0002 -
Surgeon 2 1.89 1.15 3.12 0.01 -
Day of lying in bed, per 1 SD - 0.99 0.81 1.21 0.92 16.30
Blood type-B 2 1.00 0.54 1.86 0.99 -
Blood type-AB 3 1.04 0.41 2.63 0.93 -
Blood type-O 4 0.79 0.42 1.46 0.45 -

Table 2 (continued)
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Table 2 (continued)

Subject Category OR 95% Cl lower 95% ClI upper P value SD
Blood type-A and AB - 1.14 0.70 1.88 0.60 -
Blood type-B and AB - 1.15 0.71 1.87 0.58 -
Blood type-O - 0.78 0.47 1.31 0.35 -
RBC number, per 1 SD - 0.81 0.63 1.04 0.09 0.52
Hb - 0.87 0.68 1.10 0.24 15.83
Volume of RBC, per 1 SD - 1.12 0.83 1.52 0.45 7.36
Volume of packed red blood cells, per 1 SD - 0.87 0.69 1.10 0.25 0.05
PLT number, per 1 SD - 1.01 0.79 1.30 0.91 69.73
Triglyceride, per 1 SD - 0.50 0.14 1.73 0.27 6.17
Cholesterol, per 1 SD - 1.15 0.91 1.45 0.25 0.84
H.cholesterol, per 1 SD - 0.97 0.76 1.23 0.79 0.34
L.cholesterol, per 1 SD - 1.14 0.90 1.44 0.27 0.65
EF, per 1 SD - 0.84 0.65 1.09 0.19 3.84
RBC number after OR, per 1 SD - 0.81 0.63 1.05 0.11 0.53
Hb after OR, per 1 SD - 0.87 0.67 1.12 0.28 15.94
Hb.Hb after OR, per 1 SD - 1.02 0.78 1.33 0.89 17.58
Volume of RBC after OR, per 1 SD - 1.09 0.77 1.53 0.64 6.77
Volume of packed RBC after OR, per 1 SD - 0.87 0.67 1.12 0.27 0.05
Plate number after OR - 1.02 0.79 1.31 0.87 63.56
Type of anesthesia 2 0.84 0.42 1.68 0.63 -
rs1801133, per 1 risk allele - 0.87 0.61 1.25 0.44 -
rs13146272, per 1 risk allele - 0.91 0.63 1.31 0.61 -

Inf, infinite.

All of the significant covariates were selected in
the prediction model. The ROC curves for estimated
probability P(x) are show in Figure 14. The AUC is the
measure of the accuracy of the prediction. The AUC of
DVT versus the non-DVT group was 0.66, suggesting
this prediction model was applicable. The sensitivity and
specificity curves were shown in Figure 1B. We determined
an optimal cutoff value of P(x) as 0.28 from these curves.

No statistical difference was found for the incidence
of DVT in anticoagulation (32.3%, 76/235) and un-
anticoagulation groups (30.1%, 28/93). No significant
difference was detected for drainage between
anticoagulation (329.4+239.1 mL) and un-anticoagulation
groups (297.9+232.6 mL) (P=0.28). Blood lose in the
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anticoagulation group (472.6+412.4 mL) was more than in
the un-anticoagulation group (418.8+288.0 mL) (P=0.26).
The value of Hb, number of plate and RBC after operation
was similar in the two groups (all P>0.05).

All THA were performed by two skilled orthopedic
surgeons (A and B groups). Significant differences were
detected for the incidences of the DVT [group A, 25.3%
(46/182); group B, 39.7% (58/146)] (P=0.049). In group
A, with anticoagulation regimen (27.2%, 28/103), no
significant incidence decrease was detected compared
with un-anticoagulation group (22.8%, 18/79). However,
in group B, a significant decrease was detected in the
anticoagulation group (38.0%, 46/121) as compared to
the non-anticoagulation group (48.0%, 12/25). Significant

Ann Foint 2016;1:3
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Figure 1 The ROC curve of comparison DVT versus non-DVT groups. (A) showed the ROC curve of the probability of incidence of DVT,
P(x). The AUC of the ROC curve is 0.66; (B) showed the sensitivity and specificity curves. An intersection point is a candidate of the optimal

cutoff point of P(x). We determined an optimal cutoff value as 0.28.

difference was detected in duration of surgery between the two
groups (group A, 95.9+£33.6 min; group B, 126.7+43.6 min,
P<0.001). And in group A, greater height and H-cholesterol
were included (P=0.01 and 0.04, respectively). Lower RBC
number after operation was detected in group A (P=0.039).
No significant difference was detected in other recorded
factors (age, Hb, PT, APTT, INR, fibrinogen, RBC, PLT,
D-dimmer, triglyceride, cholesterol) (all P>0.05).

We compared triglyceride, cholesterol, H-cholesterol,
L-cholesterol in DVT and non-DVT groups. The
concentration of triglyceride was much higher in the
DVT group (2.28+8.90 mmol/L) than in the non-DVT
group (1.43£0.97 mmol/L). The concentrations of
cholesterol (DVT group, 4.53+0.85 mmol/L; non-DVT
group, 4.46+0.87 mmol/L), H-cholesterol (DVT group,
1.26+0.32 mmol/L; non-DV'T group, 1.27£0.35 mmol/L),
and L-cholesterol (DVT group, 2.48+0.66 mmol/L; non-
DVT group, 2.41+0.67 mmol/L) were similar between
the two groups. No significant results were found for all
hyperlipoidemia-related factors (all P>0.05).

By CV during the operation, iliaca externa vein stenosis
was detected when the retractors were placed around
acetabulum compared with CV after operation. The
radiopaque contrast medium was stagnated around the
stenosis (Figure 2).

All the patients were followed for up to 3 months. Non-
DVT patients (n=42, 18.8% of all non-DV'T patients) in
hospital received second CV. Late onset DVT was not
detected in any of these patients.

Common variants in four genes were genotyped in all
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the cases. No mutation was detected in any of the subjects.
In the case-control study, no significant association was
detected (P>0.05). When we stratified by age, gender, type
of DV, surgeons, BMI and diagnosis, no significant results
were found (all P>0.05).

Discussion

We conducted a large scale DVT study in a single center.
All patients received CV after arthroplasty to examine DV'T.
A single center study reduced the influence of difference of
diagnosis criterion, surgeons, environmental factors, etc.
Our study provides insight into the relative importance of
clinical risk factors and DNA variants associated with DVT
after THA.

Ageing is one of the strongest and most prevalent risk
factors for DVT. It increases to ~1% per year in very old
age. Increased age was a strong risk factor for onset of
DVT after THA (1). In our study, ageing leads to a high
attributable risk. Ageing may be associated with an increased
prevalence of conventional risk factors, development of new,
age-specific risk factors and accumulation of risk factors
with age. In the elder subjects, women were the higher
proportion. Female patients also had a higher prevalence
in our study, although no statistical sex-difference was
detected. Asymptomatic DVT played a larger part in our
study, causing diagnosis to be easily overlooked. Patients
with symptoms had over a 5-fold risk of suffering DVT.
Symptoms were a strong sign of DVT. Blood type also
affected the prevalence of DVT. As factor VIII and VWF

Ann Foint 2016;1:3
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Figure 2 Contrast venography (CV) during the operation. (A) Vascular stenosis of iliaca externa vein (red arrow) with retractors, larger

gap between iliaca externa vein and ilium, and normal great saphenous vein (black arrow); (B) recruitment of iliaca externa vein (red arrow)

without retractors, smaller gap between iliaca externa vein and ilium, and normal great saphenous vein (black arrow).

concentrations are higher in the non-O individuals than
in the O group, patients with the O alleles of the ABO
genotype had the lowest incidence of DVT (1).

In the 1970s, some clinicians reported the important
role of less intense warfarin sodium in the prophylactic
treatment of DVT after THA. With the absence of
prophylactic anticoagulation, this disorder occurs in
40% to 60% of patients receiving hip implants (19-23).
Currently, subcutaneous low-molecular-weight heparin
with warfarin sodium and an inhibitor of factor Xa are
popular for prophylactic anticoagulation (20-24). In our
study, no significant difference was detected between the
anticoagulation and the non-anticoagulation groups. In
the surgeon A group with shorter surgery duration, the
prophylactic anticoagulation regimen was not effective.
However, it was useful in the group surgeon B with
longer surgery duration. This observation suggested that
prophylactic anticoagulation regimen was helpful for longer
surgeries, and, in the worst case scenario, it increased the
amount of blood lose.

Incidence of DVT was different in the two skilled
surgeons’ groups. Longer duration of surgery was
responsible for the difference, since the iliaca externa vein
was mechanically compressed by the retractor during
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surgery. Vascular stenosis was detected by CV during
surgery by two skilled surgeons and the duration of
surgery determined how long the vascular clogging
occurred for. Therefore, a longer duration surgery
resulted in slower blood flow in the veins and more facile
formation of DVT (23). No difference was detected for
other conventional risk factors. In the multi-center trials,
the interesting and appealing results should be questioned
according to limited number in some groups with different
surgeons, different ethnic background and un-sensitive
diagnosis strategy (9-11).

In the patients without further medical intervention
who were followed, no late-onset DVT was detected
by 3 months afterwards. By the conventional method,
extended thromboprophylaxis after THA was suggested
reducing the incidence of late onset DV'T (24). Incidence
of late-onset DV'I, symptomatic pulmonary embolism or
sudden death was rare. The role of extended prophylaxis
for late-onset DV'T is controversial, and at the same time,
extended prophylaxis accounts for a major portion of the
cost and contributes to high risk of bleeding. In our study,
for non-DV'T patients, it was not necessary tocarry out
further anticoagulation for at least 3 months. Strategies for
extended prophylaxis should be tailored. A large scale multi-
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center randomized trial is needed to confirm the perspective
results.

In our study, no mutation of FVL and PT20210 was
found in any DVT subjects. No significant association
of MTHFR, and CYP4V2 with DVT was detected even
when stratified by gender and type of DV'T. No significant
association of SNPs with PT, APTT, INR was detected.
DVT after THA was an acute complication. Genetics might
play a subtle or otherwise role in the development of DV'T.

Conclusions

DVT after THA was mostly affected by personal (age)
and clinical factors (mechanical compression, duration of
surgery). Short duration THA did not require prophylactic
anticoagulation. Extended anticoagulation was unnecessary
for non-DV'T patients after discharge from the hospital.
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