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Abstract
Several lines of evidence have suggested a sustainable relationship between blood viscosity (BV) and deep vein thrombosis
(DVT). But there was a lack of data on the association of preoperative BV and postoperative acute DVT. For patients who
accepted total knee arthroplasty (TKA) caused by primary knee osteoarthritis (KOA), this study tried to investigate whether
preoperative BV relevant parameters might affect DVT risk following TKA. We reviewed a total of 750 consecutive KOA
patients treated by unilateral TKA in our hospital from March 2010 to May 2020. All patients undergoing TKA were routinely
examined by the color Doppler ultrasound on the third postoperative day and were assigned into DVT and non-DVT groups.
Statistical comparisons of BV relevant parameters which mainly including whole BV (low, midst, and high shear rates), plasma
viscosity, whole blood reductive viscosity (BRV; low, midst, and high shear rates) were made comprehensively. It could be
found that low whole BRV (low shear rate) before TKA was significantly related to postoperative DVT risk in all patients,
especially in female patients after stratifying by gender (p< .05). Our results implied that low whole BRV might be a remarkable
risk factor of DVT in primary KOA patients after TKA. Timely and effective DVT prophylaxis for these patients is much
required.
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Introduction
Osteoarthritis (OA) is a highly prevalent chronic degenerative
joint disease, which usually causes joint pain and mobility dif-
ficulties.1 Knee joint is the most common site of OA and knee
osteoarthritis (KOA) is gradually becoming an important dis-
abling disease.2 However, there is no effective pharmacologic
therapy for KOA except the application of some kinds of non-
steroidal anti-inflammatory drugs and joint arthroplasty
surgery.3 Acted as a major manifestation of venous thrombus
embolism (VTE), deep vein thrombosis (DVT) is well known
as one of the most severe complications in patients undergoing
total knee arthroplasty (TKA) and the incidence rate of which

ranged from about 18.1% to 48.6% without thromboprophy-
laxis in Asian patients.4 Importantly, DVT can lead to pul-
monary embolism and eventually death.5 Taking into
account the preventive anticoagulation strategies after TKA
in some existing guidelines,6 finding some potential bio-
markers of a certain sensitivity or specificity such as the
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D-dimer7 which can partly predict DVT will be beneficial to
DVT prevention.

A triad of blood hypercoagulability, venous stasis, and
vessel wall injury has historically been considered to predispose
DVT.8 It was worth mention that DVT risk factors include
thrombophilic, circumstantial, and cardiovascular factors.5

Among them, some evident factors have been confirmed to be
associated with hemorheological changes such as increased
blood or plasma viscosity (PV).9 Therefore, hemorheological
biomarkers might be playing underlying roles in the onset,
development, and outcome of DVT. Previously, it has been
demonstrated that patients in the acute phase of DVT showed
higher PV, red blood cells (RBCs) aggregation, and whole
blood viscosity (BV) than controls.10 In current times, consid-
ering the relatively large number of end-stage KOA patients
and a lack of studies focusing on the correlation of preoperative
BV relevant parameters and postoperative acute DVT, we
firstly attempted to illustrated the exact association of preoper-
ative whole BV (low, midst, and high shear), PV, whole blood
reductive viscosity (BRV; low, midst, and high shear) and DVT
risk following TKA.

Materials and Methods

Participants
From March 2010 and May 2020, a total of 750 KOA
patients (144 males and 606 females) who underwent TKA
in our department were consecutively enrolled from a
plenty of more than 1600 patients according to the exclusion
criteria.9 Patients planning to undergo bilateral TKAs and
those who have rheumatoid arthritis, immune system-related
disease, congenital or acquired coagulopathy, hemorheolog-
ical disorders, preoperative use of anticoagulant therapy,
previous operations on the suffered leg within 12 months,
the steroids or hormones therapy within the last 3 years,
blood transfusion within 12 months, and incomplete data
records or partial loss were excluded. This study was
approved by the ethical committee of our hospital and
each patient needed to sign an informed consent form.
Weight and height were uniformly measured by trained
nurses on the first day of admission and body mass index
(BMI) was subsequently calculated. Some other clinical
data including age, gender, and the history of diabetes,
hypertension, malignancy, cardiovascular diseases (ie, dis-
eases originate from atherothrombosis including myocardial
infract, stable or unstable angina, or stoke), VTE events, ste-
roids or estrogens use, smoking, surgery, and blood transfu-
sion were collected according to patients’ self-report and
recorded.

Blood Sample Testing and Surgery
A day after admission, 3 tubes of 5 mL venous blood of each
patient were sampled at 7 AM and measured in the clinical lab-
oratory within 2 h. One tube of blood was used for testing

whole BV (low, midst, and high shear rates), whole BRV
(low, midst, and high shear rates), and PV was done at 37°C
by LBY-N6C automatic hemorheology instrument (Precil
Co.). Thereinto, BRV refers to BV per unit hematocrit (Hct)
or defined as the contribution of each unit of Hct to BV,
which is conducive to eliminating the influence of Hct and com-
paring whole BV of blood samples with different Hct. We uni-
formly used mPa·s as the unit of measurement. The low, midst,
and high shear rates were set as 10, 60, 150 s−1, and PV mea-
surements at a shear rate of 120 s−1 could represent the real
PV in vivo more faithfully. In addition, parameters of coagula-
tion function which consist of fibrinogen (FIB), D-dimer, pro-
thrombin time (PT), activated partial thromboplastin time
(APTT), and thrombin time (TT) were examined with
CA-7000 automatic blood coagulation analyzer (Sysmex
Co.). Platelet count and serum levels of triglycerides (TG),
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), apoli-
poprotein A1 (apo A1), and apolipoprotein B (apo B) were
evaluated by HITACHI 7600 to 20 fully biochemical auto-
analyzer (HITACHI).

All TKAs were performed under general anesthesia with the
tourniquet. The surgical process of TKA consisted of condylar-
type and posterior cruciate substituting cemented arthroplasty
via a knee midline skin incision and a deep medial parapatellar
approach. The average using time of tourniquet was 40 min
during TKA and the entire operation time is generally not
exceeding 90 min. A drainage tube was placed in the joint for
no more than 48 h. Postoperatively, low molecular weight
heparin (LMWH) with a conventional dose (subcutaneous
dose of 0.4 mL or 100 IU/kg per day) was applied for DVT pre-
vention every day for each patient and its first-time use was
started 10 h after surgery. Patients were requested to do
flexion and extension exercises of the lower extremity joints
and active muscles contraction at the early time after TKA.
For each patient, some relevant symptoms and signs of acute
DVT such as redundancy and tenderness in the calf were
closely monitored.

DVT Diagnosis and Therapy
On the third day postoperatively, ultrasound examination of
bilateral lower extremity veins was done in each patient to
determine the presence of DVT based on the results from
Dong et al11: (1) absence of venous flow; (2) complete non-
compressibility of the vein; (3) the presence of an echogenic
thrombus mass in a normally anechoic vein. The examiner
was blinded to the intraoperative procedure and the preoper-
ative hemorheological parameters. The thrombolytic (0.4 mL
or 100 IU/kg every 12 h) and anticoagulant doses (0.4 mL or
100 IU/kg every 24 h) LMWH were used for thrombosis
treatment and anticoagulation therapy while in hospital,
respectively. After discharge, DVT patients continue to
take rivaroxaban orally (10 mg per day) and the entire anti-
coagulant period should be at least 3 months following
surgery.
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Statistical Analysis
SPSS software version 22.0 was used to do an analysis. The χ2

test was conducted to compare differences in categorical vari-
ables. The mean value was presented with standard deviation
and the Student’s t-test was adopted to make a comparison.
Preoperative confounding factors in this study were all
adjusted for the multivariate logistic regression analysis.
Still, a receiver operating characteristic (ROC) curve was
made to evaluate the predictive cutoff value of the potential
indicator. For all the tests, differences were considered signifi-
cant when p < .05.

Results

Baseline Characteristics
In Table 1, there were 176 DVTs in KOA patients and the total
incidence of postoperative DVT was 23.5% (176/750).
Notably, female patients had a higher DVT incidence (25.1%)

than males (16.7%). Through systematically comparing and
analyzing, we could find that DVT patients had a higher TC
(p= .010) and LDL-C levels (p= .018) and a lower smoking
rate (p= .015) than non-DVT patients. In addition, no signifi-
cant differences were observed in the mean age and BMI, the
distributions of gender, diabetes, hypertension, malignancy,
cardiovascular diseases, VTE events, steroids or estrogens
use, surgery history, and blood transfusion history, blood
levels of TG, HDL-C, apo A1, apo B, FIB, and the average
D-dimer, platelet count, PT, APTT, and TT (p > .05).

General Comparison of BV Relevant Parameters
In Table 2, the analysis of BV relevant parameters showed
significant differences in the whole BRV (low shear rate; p
= .024) in all the patients, especially in female patients after
stratifying by gender (p= .025). In males, there existed no
differences in BV relevant parameters between the 2 groups
(p > .05).

Table 1. Comparisons of General Characteristics.

General characteristics DVT patients Non-DVT patients p-value

Patients, n 176 574 –

Mean age, y (SD) 67.18 (7.435) 66.62 (8.185) .416
Females, y (SD) 67.04 (7.678) 65.86 (8.393) .126
Males, y (SD) 68.08 (5.710) 69.50 (6.624) .330
Male gender (M/F, n) 24/152 120/454 .032a

Mean BMI, kg/m2 (SD) 26.45 (3.974) 26.05 (3.872) .241
Females, kg/m2 (SD) 26.56 (4.110) 26.21 (3.933) .341
Males, kg/m2 (SD) 25.74 (2.942) 25.48 (3.591) .744
Diabetes mellitus (with/without, n) 30/146 86/488 .508a

Hypertension (with/without, n) 88/88 290/284 .903a

Malignancy (with/without, n) 8/168 10/564 .065b

Cardiovascular events (with/without, n) 12/164 62/512 .121a

VTE events (with/without, n) 12/164 44/530 .708a

Steroids or estrogens use (with/without, n) 8/168 48/526 .092a

Smoking (with/without, n) 4/172 42/532 .015a

Surgery history (with/without, n) 34/142 126/448 .456a

Blood transfusion history (with/without, n) 26/150 86/488 .946a

TG, mmol/L (SD) 1.41 (.644) 1.50 (.981) .213
TC, mmol/L (SD) 4.81 (.832) 4.62 (.890) .010
HDL-C, mmol/L (SD) 1.35 (.342) 1.31 (.330) .096
LDL-C, mmol/L (SD) 2.57 (.665) 2.44 (.625) .018
Apo A1 1.24 (.211) 1.21 (.219) .086
Apo B .95 (.207) .93 (.213) .322
Platelet count, 1012/L (SD) 203 11 (61.265) 209.16 (71.910) .314
FIB, g/L (SD) 3.18 (.745) 3.26 (.794) .218
D-dimer, mg/L (SD) .65 (1.270) .74 (1.266) .394
PT, s (SD) 11.31 (.736) 11.20 (1.047) .183
APTT, s (SD) 25.15 (3.136) 25.48 (4.131) .327
TT, s (SD) 17.69 (1.730) 17.40 (1.736) .052
Operation time, min (SD) 91.18 (5.173) 90.19 (4.581) .537

Abbreviations: n, number; y, years; M, males; F, females; SD, standard deviation; BMI, body mass index; VTE, venous thrombus embolism; TG, triglycerides; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; apo A1, apolipoprotein A1; apo B, apolipoprotein B;
FIB, fibrinogen; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; min, minute; DVT, deep vein thrombosis.
aEvaluated by Pearson Chi-square test.
bEvaluated by continuous correction test.
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Table 2. Comparisons of BV-related Parameters.

BV relevant
parametersmpa·s
(SD)

DVT patients Non-DVT patients p-value

All Males Females All Males Females All Males Females

Whole BV
(low shear rate)

7.96 (1.647) 8.39 (1.670) 7.89 (1.639) 8.21(1.821) 8.86 (2.314) 8.04 (1.626) .103 .349 .334

Whole BV
(midst shear rate)

4.72 (.694) 4.85 (.746) 4.69 (.686) 4.71 (.727) 4.97 (.827) 4.64 (.683) .949 .504 .419

Whole BV
(high shear rate)

3.96 (.613) 4.07 (.669) 3.94 (.604) 3.94 (.623) 4.17 (.716) 3.88 (.582) .740 .511 .259

PV 1.29 (.087) 1.29 (.063) 1.29 (.091) 1.30 (.303) 1.28 (.069) 1.30 (.338) .640 .362 .540
Whole BRV
(low shear rate)

15.53 (2.988) 15.82 (2.727) 15.48 (3.032) 16.18 (3.860) 16.38 (3.512) 16.12 (3.949) .024 .455 .025

Whole BRV
(midst shear rate)

7.94 (1.157) 7.90 (1.509) 7.95 (1.097) 8.33 (4.456) 9.20 (8.739) 8.10 (2.189) .249 .468 .404

Whole BRV
(high shear rate)

6.11 (1.175) 5.68 (1.926) 6.18 (1.000) 6.18 (.996) 6.29 (.942) 6.15 (1.009) .473 .060 .715

Abbreviations: BV, blood viscosity; BRV, blood reductive viscosity; SD, standard deviation; DVT, deep vein thrombosis; PV, plasma viscosity.

Table 3. Multivariate Analysis on Associations of BV-related Parameters and DVT Risk.

Variables
All the patients Female patients Male patients

Adjusted ORa (95% CI) p value Adjusted ORb (95% CI) p value Adjusted ORb (95% CI) p value

Whole BV (low shear rate) .899 (.802-1.008) .068 .877 (.768-1.002) .054 1.002 (.679-1.538) .918
Whole BV (midst shear rate) .969 (.742-1.264) .816 .957 (.712-1.287) .772 1.254 (.397-3.958) .700
Whole BV (high shear rate) .998 (.736-1.357) 1.000 .988 (.703-1.390) .947 1.444 (.358-5.832) .606
PV .821 (.334-2.019) .668 .737 (.251-2.169) .580 1.972 (.130-.768) .252
Whole BRV (low shear rate) .926 (.869-.987) .018 .911 (.847-.979) .011 1.013 (.797-1.287) .916
Whole BRV (midst shear rate) .913 (.787-1.059) .227 .900 (.756-1.072) .238 1.021 (.800-1.303) .868
Whole BRV (high shear rate) .879 (.732-1.055) .166 .942 (.770-1.153) .563 .540 (.254-1.150) .110

Abbreviations: BV, blood viscosity; BRV, blood reductive viscosity; SD, standard deviation; OR, odds ratio; CI, confidence interval; DVT, deep vein thrombosis;
PV, plasma viscosity; BMI, body mass index.
aOdds ratio adjusted for matching factors of gender, age, BMI, and all the confounding factors in this study.
bOdds ratio adjusted for matching factors of age, BMI, and all the confounding factors in this study after stratified by gender.

Figure 1. ROC analysis of whole BRV (low shear rate) to predict postoperative DVT in all patients (A) and female patients (B).
Abbreviations: ROC, receiver operating characteristic; BRV, blood reductive viscosity; DVT, deep vein thrombosis.
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Risk Factors of DVT
In Table 3, it could be noted that low whole BRV (low shear
rate) was a significant risk factor for postoperative DVT in
both all the patients (odds ratio [OR]= .926, 95% confidence
interval [CI]= .869-.987, p= .018) and female patients (OR=
.911, 95% CI= .847-.979, p= .011) when stratifying by
gender after adjustment for age, BMI, coagulation parameters,
and all the other confounding factors in the multivariate
analysis.

ROC Analysis of BRV
In Figure 1, for all the patients, the area under the curve (AUC)
of whole BRV (low shear rate) was greater than that of the other
BV relevant parameters to predict postoperative DVT (AUC:
.568, 95% CI= .522-.614; p= .007). The cutoff value of
16.140 mPa·s with a sensitivity of 43.2% and a specificity of
72.7%. Also, whole BRV (low shear rate) had a higher AUC
in female patients (AUC: .573, 95% CI= .524-.622; p= .007)
and the cutoff value was set at 16.135 mPa·s with a sensitivity
of 43.6% and a specificity of 76.3%.

Discussion
Taken together, for patients who had primary KOA, our study
detailedly assessed the potential association of preoperative
BV relevant parameters and postoperative acute DVT risk fol-
lowing TKA with routine anticoagulation of LMWH. We
found a statistically significant correlation between the lower
whole BRV (low shear) and the increased risk of DVT, espe-
cially in female KOA patients. This emerging evidence
appeared to support an increasingly larger role of BV in the
etiopathogenesis of DVT, which can be considered as a novel
finding. Although the AUC of whole BRV (low shear rate)
does not seem to have remarkable clinical significance, it can
still partially remind us that we need to keep an eye on these
patients and make a contribution to DVT prevention by
strengthening physical anticoagulation, prolonging anticoagu-
lant time and/or taking some other measures from a different
perspective.

In first-time and recurrent DVT patients, hyperviscosity is
considered as a kind of classic prothrombotic abnormalities.12

Intrinsically, VTE is initiated by inflammation and blood
stasis, both of which can lead to the generation of thrombi
rich in RBCs.13 RBCs can increase BV and contributes to
VTE mainly because of a rise in Hct, an increase in RBCs
aggregation, or a decrease in RBCs deformability (increasing
flow resistance).13-15 Also, a recent review proposed that
RBCs were not only major components of venous thrombi
and the determinants of VTE risk, but also actively involved
in VTE pathophysiology.13 Therefore, the potential role
played by the alterations of BV relevant parameters results
from quantitative and qualitative changes in RBCs in the
onset and development of DVT is of considerable impor-
tance.5,14 In the clinic, it is noteworthy that our results seem

to be inconsistent from the conclusions of previous
researches.10,16,17 Different adjusted confounding factors,
study populations, tested BV-related biomarkers, shear rates,
detection time points, and testing instruments can partly be
the explanations. In addition, by a subgroup analysis, the signif-
icant association was only existed in female patients might be
due in part to the prevalence of KOA in middle and old-aged
females.

Previously, it has been expounded that the potential damage
to the vessel wall, blood hypercoagulable state after surgery,
and the venous stasis because of long-term bed rest are
thought to be the 3 main reasons for the formation of postoper-
ative DVT.18 Combined with our conclusions, it can be specu-
lated that the prothrombotic effects of RBCs in patients with
low BRV before surgery may be more likely to be influenced
by multiple factors during the surgery, which in turn lead to a
relatively large increase in BV that consequently have an imper-
ceptible impact on DVT. In this regard, the change law of BV
can provide useful data for the diagnosis, treatment, and prog-
nosis of some arterial vascular diseases.19 To the authors’
knowledge, few researches have paid attention to the correla-
tion between the specific change rule and/or amplitude of
BV-related parameters and DVT. We herein prompted that
the rapid increase of BRV may actually affect DVT in such
patients and the occurrence of low BRV before surgery can
potentially be considered as an implication of thrombophilia.
It is plausible that the increased value of the whole BRV may
be closely associated with DVT.

Vayá et al have summarized that low blood shear conditions
favored red blood cell-cell interactions.5,15 Still, it has been con-
firmed that RBCs aggregation at low shear increases BV, while
at high shear, aggregates are dispersed and BV decreased.20 In
this long-term large-sample retrospective study, related param-
eters of BV were measured at low, midst, and high shear rates.
Nevertheless, we didn’t find any other correlations of preoper-
ative whole BV and PV with postoperative DVT, which could
be owing to the potential effects on BV exerted by Hct. Since
whole BV is linearly related to Hct is the main factor influenc-
ing BV,10,21 we firstly try to tested whole BRV and there is
reason to believe that the results are of certain reliability and
practicality. For all this, it’s unignorable that systemic hemor-
heological alterations maybe not comparable to those in local
blood flow areas where minimum disturbances can be more
associated with DVT.5,12 A local hemorheological variation
may be played a crucial role in DVT formation and confirming
the pathogenic importance of locally altered blood rheology in
the development of DVT is quite a necessity.

In the past few years, OA has been well recognized as a kind
of low-grade inflammatory disease, which is usually accompa-
nied with an elevation in systemic inflammatory factors.22

Meanwhile, KOA is more common in obese people and
obesity is deemed as a low-grade inflammatory disorder as a
result of inflammatory cytokines secreted by adipocytes.23

Notably, there is mounting physiological evidence for the
important role of inflammatory biomarkers in thrombogene-
sis.24,25 Accordingly, it is tempting to demonstrate that the
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production of inflammatory mediators in these patients may be
promoted by TKA surgery itself and then accelerate the forma-
tion of DVT via imperceptibly affecting BV. At present, the
exact mechanisms linking inflammation and BV remain
poorly understood and await clarification, the results of our
study may open new perspectives in this field.

For the specific population of KOA patients who needed to
undergo TKA, we firstly and systematically analyzed the corre-
lation between BV-related indicators and postsurgery DVT risk.
After adjustment for important confounders and effect modifi-
ers, the findings emphasized the importance of BV in DVT pre-
vention and are of a certain accuracy, which may have great
guiding significance for follow-up clinical work and imply a
breakthrough point for subsequent researches. However, due
to the generally high cost of measuring BV-relevant parameters
in Chinese hospitals, we failed to describe the specific changes
of these parameters by retests. Still, the small sample size of
males and the possible uncontrollable factors during TKA
surgery may limit our results.

Conclusion
In conclusion, in primary KOA patients treated with TKA, pre-
operative low whole BRV is independently associated with
postoperative DVT. The result may be valuable for recalling
the role of BV in thrombosis formation and optimizing prophy-
laxis methods.
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