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Abstract
Background: DVT (Deep vein thrombosis) was one of the most common and sever complications after
TKA (total knee arthroplasty). When tourniquet use and sometime the reuse was performed for surgery
convenient of TKA. There was not sure if tourniquet use or reuse during operation would increase DVT
after TKA.

Methods: A retrospective study was performed about primarily TKA in our institute continuous 5 years.
Univariate analysis was performed and potential intervention variables (P ≤ 0.1) were included in
multiple factor analysis to certain the independent risk factors.

Results: 807 patients (431 females and 376 males) were included with mean age was 65 years old.
3.84% (31 patients) were occurred sym-DVT (symptomatic DVT) one month after TKA with median time
of diagnosis was 17 days. Incidence of sym-DVT after tourniquet reuse was signi�cant high than once
use and no use (7.25% versus 2.54% and 1.86%, P = 0.014 and 0.072), mean time of tourniquet use was
90.46 ± 14.28 mins in once and 106.58 ± 16.13 mins in reuse (P = 0.045). After multiple analysis,
independent risk factors were revealed as history of tumor (P = 0.021), history of DVT (P < 0.001) and
tourniquet reuse (P = 0.005).

Conclusions: Tourniquet reuse was associated with highly incidence of sym-DVT other than history of
tumor and DVT. There should be once use of tourniquet for prevent sym-DVT.

Background
Deep vein thrombosis (DVT) was one of the most common and sever complications of orthopedic
Especially the patients after TKA (total knee arthroplasty) were more susceptible of DVT. There were 36.5
- 60% DVT appeared after TKA without prophylaxis.(1, 2). It was still as high as 16 - 27% even after
thrombo-prophylaxis(3, 4) and there were 3-10% of sym-DVT (symptomatic DVT)(5, 6).

The sym-DVT which were needed treatment account almost 70% of all DVT patients.(7) If the sym-DVT
was not acceptted proper treatment, half of them would ended with PE.(8) DVT prophylaxis as routine
anticoagulation has bene�t of low related complications after TKA.(9) TKA was an operation after
thorough preoperative assessment, so the surgery technic had a big deal with DVT after
procedure. (10) And when tourniquet was used in TKA for better exposure frequently, hemodynamic
changes and endothelial injury were theoretically being considered as iatrogenic injuries.

Literatures were not sure if tourniquet reuse (once more tourniquet use in operation) was the risk factor of
sym-DVT. So, we performed a retrospective study to evaluate if tourniquet reuse was one of the risk
factors.

Methods
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Total knee arthroplasty patients in our institution from 1 January 2010 to 31 December 2016 were
reviewed retrospectively. Inclusion criteria: adult patients (≥ 18 years), �rst time of TKA, inexistence of
DVT preoperative (determined by lower extremity deep venous of ultrasonography). Exclude criteria:
haemophiliac, revision surgery, limb activity limitation for stroke, sym-DVT occurred at health extremity,
and loss to follow-up. The follow-up �owchart was showed in �gure 1.

Medical data was included: age, gender, BMI (body mass index), cause of surgery, blood test (CRP (C-
reactive protein), albumin, D-dimer, lactic acid), medical history of (diabetes mellitus, hypertension,
coronary heart disease, myocardium infarction MI (Myocardial infarction), DVT), drug history of
antiplatelet drug (aspirin or clopidogrel), operation and anesthesia data (ASA (American society of
anesthesiologists) grade, anesthesia type, procedure time, tourniquet use and time), bleeding during
operation, drainage postoperative, postoperative data (low limb swelling (calf perimeter of 10 cm below
tibia tuberosity), time of weight bearing. According to WHO (World health organization) described, BMI
was divided as: low weight (BMI < 18.5 kg/m2), normal (BMI = 18.5 - 25 kg/m2), over weight (BMI = 25 -
30 kg/m2), obesity I grade (BMI = 30 - 35 kg/m2), obesity II grade (BMI = 35 - 40 kg/m2), obesity III grade
(BMI > 40 kg/m2). CCI (Charlson comorbidity index) was used and divide into three level: low level (0
score) means no comorbidity, middle level (1 - 2 scores) and high level (over 3 scores) (11).

Thrombo-prophylaxis was included chemoprophylaxis and physical prophylaxis. LMWH (low molecular
weight heparin) 4000 U was used 12 hours after surgery and once daily last hospitalization. LMWH was
used as bridging therapy if patient was used antiplatelet drug. In the meanwhile, pump treatment was
used one day after surgery until full weight bearing.

Fellow-up and diagnosis of symptomatic DVT

If the patient occurred low leg pain and tenderness with swelling, or calf circumference (10 cm under tibia
tuberosity) was increased over 2 cm than health limb, or swelling was severing. (12) And deep vein
Doppler ultrasound would be performed if patient had positive of Homans sign. Then the patient would
be diagnosed had sym-DVT. Pulmonary arterial CTA (computed tomography angiography) would be
performed immediately if patient had chest pain, short of breath or dyspnea. All patients had education
of DVT and PE, and they would be required go to hospital immediately if the symptoms appeared.

Statistical method

Student t-tests or Wilcoxon rank sum tests were used to compare numerical variables between groups,
and chi-square tests were used in categorical variables. Repeated Measures were used to analyze BP
parameter at different period. One-sample t-tests were used to analyze outlier from base line. Multivariate
Covariance analyses were used in variation of BP parameter during procedure. Pearson Correlation
analyses were used in two numerical variables. Variables with P ≤ 0.1 were considered as covariates
(potential risk factors) and K-Independent Samples tests were used to analyze correlation between
groups. ROC analyses were used in numerical variables (if P ≤ 0.1) to assess �tness cut-off value, then
rounded to the nearest whole number and transform numerical variables to binary variables. Variables
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with P ≤ 0.1 enter in multiple logistic regression analysis (choose Forward: Conditional method). The
independent risk factors were showed as OR (odds ratio, 95% CI). P values < 0.05 were considered
statistically signi�cant. The statistical analyses were performed using SPSS version 17.0 (SPSS Inc.,
Chicago, Illinois).

The ethics committee approved the study and each participant provided verbal consent.

Results
842 patients were reviewed. 35 patients were excluded as follows: 13 patients were haemophiliac, 8 were
revision surgery, 3 were limb activity limitation for stroke, 2 occurred sym-DVT at health extremity and 9
were loss to follow-up. Then 807 patients were included, 431 females and 376 males with mean age was
65 ± 4.13years old. 31 patients (3.84%) were occurred of sym-DVT one month after TKA, 9 patients were
at proximal (above knee), 22 at distal (under knee). Median time of diagnosis was 17 days (range 8-29
days). No patient was died for VTE event or had both low extremity sym-DVT. The demography data
between sym-DVT and non-DVT patients was showed in Table 1. The potential intervention variables
(P ≤ 0.1) were as follows: age (P = 0.032), BMI (P = 0.080), history of tumor (P = 0.036), history of DVT
(P = 0.034), history of operation in six month (P = 0.064), history of operation at contralateral limb (P =
0.020), postoperative CRP (P = 0.013), postoperative lactic acid (P = 0.062), postoperative albumin (P =
0.091), postoperative D-dimer (P = 0.087). Signi�cant difference of sym-DVT incidence was found
between BMI groups (low weight 2.4%, normal 2.7%, over weight 3.1%, obesity I grade 5.7%, obesity II
grade 12.5%, no obesity III grade patient, χ2 = 2.205, P = 0.045). No signi�cant difference was found
among Charlson index (low, middle and high grade each was 2.96%, 3.32% and 3.44%, χ2 = 0.146, P =
0.930). In subgroup, change of lactic acid was also showed signi�cant difference (1.53 ± 0.71 versus
1.03 ± 0.52 mg/L, t = 5.371, P = 0.039). No potential intervention difference was found in change of
albumin (sym-DVT versus non-DVT: 12.84 ± 6.31 versus 10.75 ± 4.83 g/L, t = -1.706, P = 0.192) or in
change of D-dimer (sym-DVT versus non-DVT: 8.36 ± 2.01 versus 5.27 ± 1.63, t = -1.045, P = 0.322).

Operation factors between sym-DVT and non-DVT patients was showed in Table 2. The potential
intervention variables (P ≤ 0.1) were as follows: tourniquet use (P = 0.065), tourniquet reuse (P = 0.043),
length of operation (P = 0.093), length of tourniquet use (P = 0.080), length of tourniquet reuse (P =
0.008). Incidence of sym-DVT after tourniquet reuse was signi�cant high than once use and no use
(7.25% versus 2.54% and 1.86%, P = 0.014 and 0.072). Length of operation and tourniquet use were
found have positive correlation with change of CRP (Pearson Correlation = 0.649, P = 0.047, and Pearson
Correlation = 0.735, P = 0.039). Length of operation and tourniquet use were found have positive
correlation with change of lactic acid (Pearson Correlation = 0.437, P = 0.068, Pearson Correlation =
0.526, P = 0.053). Length of operation and tourniquet use were found have positive correlation with
change of bleeding intraoperative (Pearson Correlation = 0.395, P = 0.073, Pearson Correlation = 0.482, P
= 0.067).
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ROC analysis was used to evaluate the cutoff value of numerical variables (P ≤ 0.1) and transformed to
binary variables (showed in Table 3) as follows: age, BMI, length of operation and so on. The incidence
difference of sym-DVT between them were also estimated and showed that each P < 0.1. Then these
binary variables were moved to multiple logistic regression analysis. And independent risk factors were
displayed as follows (showed in Table 4): history of tumor (P = 0.021, OR = 2.073), history of DVT (P <
0.001, OR = 5.078) and tourniquet reuse (P = 0.026, OR = 2.436). (�gure 1). 

Discussion
This study found that tourniquet reuse was one of independent risk factors of sym-DVT one month after
TKA (OR was 2.43), along with factors of history of tumor and history of DVT. Sym-DVT was more likely
had longer tourniquet use (93.46 ± 16.75 versus 88.71 ± 14.28, P = 0.060) and longer operation time
(75.37 ± 14.39 versus 60.12 ± 13.81, P = 0.073). Longer use of tourniquet had positive correlation with
high lactic, CRP (C-reactive protein), D-dimer, low limb swelling and negative correlation with albumin.

Studies were found many risk factors of VTE in TKA patients(1, 11, 13–16). Longer procedure was
markedly associated with more complications, VTE was one of them(1, 17, 18). Operation length was
related with VTE, but without statistics difference(11). Meanwhile, tourniquet was normally used around
TKA operation and would increase incidence of VTE(19). Sym-DVT was found higher in patients with
longer operation and tourniquet reuse. The reason might be the pathological factors of Virchow’s triad
were aggravated and eventually caused DVT.

Obesity patients were at risk of increased operation di�culty, prolong procedure time and more possibly
had complications(20). VTE event would increase 2.0-3.3% more in obese patients six month after
TKA(14). The increased relevance with the BMI was showed in our study, and the independent risk factor
was found obesity over II grade. History of VTE was considered increase VTE markly after TKA(15, 21),
but studies were not always in the same opinion(22–24). In our study, patients with history of DVT were
at almost 4 times higher risk of sym-DVT. Also old age was a high risk factor for sym-DVT(11, 13),
especially when patient was older than 80 years, there would be 1.58 times more than under 55 years(11).
Old age patients were showed more likely occurred sym-DVT in this study, but it was not an independent
risk factor.

Charlson index was indicated internal medical condition and higher score would cause 1.4–1.73 times
more VTE(11, 15), especially the history of cardiovascular disease(7, 25) and tumor(26, 27). These
patients might be in irritable state and more susceptible to thromboembolism. For studies considered that
VTE after operation was strongly associated with in�ammatory state, for �brinolysis activity was
decreased under in�ammation and increased VTE(28–30). And this study indicated tourniquet used in
patients with history of tumor and DVT were caused signi�cant more sym-DVT.

There were some limits that need further research. First of all, for the disadvantage of retrospective study,
the awareness of low limb swelling and medical knowledge of patient might cause some arti�cial bias.
Secondly, some inappropriate daily activity or living habit might in�uence the occurrence of sym-DVT.
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Thirdly, prothrombin or clotting factor gene mutation might crucial in thrombosis, and it was designed to
measure it in further research.

Conclusions
Tourniquet reuse was associated with highly incidence of sym-DVT other than history of tumor and DVT.
Longer tourniquet use was associated with more possibility of sym-DVT. There should be once use or no
use of tourniquet would be helpful for prevent DVT after TKA operation.

Abbreviations
DVT: Deep vein thrombosis. TKA: total knee arthroplasty. sym-DVT: symptomatic DVT. BMI: Body mass
index. CRP: C-reactive protein. MI: Myocardial infarction. ASA: American society of anesthesiologists.
WHO: World health organization. CCI: Charlson comorbidity index. LMWH: Low molecular weight heparin.
CTA: Computed tomography angiography.
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Table 1 Demography data between sym-DVT and non sym-DVT patients

Variables Sym-DVT

N/Mean±SD/Med(range)

Statistical value
 (χ2/T)

P
value

YES (31) NO (776)

Age (years) 66.81±6.51 62.32±6.05 2.483 0.032

Gender (Male/Female) 18/13 421/355 2.424 0.120

BMI 27.58 ±2.03 26.82 ±2.61 1.7542 0.080

OA knee (Y/N) 25/6 668/108 1.474 0.162

Charlson index     0.146 0.930

  Low 15 351    

  Middle 12 341    

  High 4 84    

History of medicine (Y/N) 21/10 512/264 1.249 0.264

COPD 5/26 118/659 0.236 0.627

Diabetes mellitus 7/24 143/633 0.083 0.773

Hypertension 6/25 106/670 1.588 0.208

Heart failure 4/27 91/685 0.256 0.613

Coronary heart disease 8/23 138/638 0.386 0.535

Tumor 6/25 67/709 4.319 0.036

Antiplatelet drug (Y/N) 5/26 158/618 1.290 0.152

History of DVT (Y/N) 8/23 108/668 4.404 0.034

History of operation (in six month)
(Y/N)

3/28 65/711 3.433 0.064

At contralateral limb (Y/N) 1/30 19/757 5.389 0.020

Low limb swelling (cm) 5.26 ± 1.12 4.21 ± 1.01 1.687 0.061

Lactic acid        

  Preoperation 0.58 ± 0.13 0.61 ± 0.15 -0.941 0.314

Postoperation 1.86 ± 0.74 1.75 ± 0.62 2.125 0.062

CRP (mg/L)        

  Preoperation 7.36 ± 2.13 5.77 ± 1.73 -1.372 0.121
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Postoperation 137.36 ± 26.15 111.77 ± 14.73 3.072 0.013

Albumin (g/L)        

  Preoperation 38.95 ± 7.41 43.05 ± 9.83 -0.875 0.358

Postoperation 28.64 ± 5.12 31.27 ± 6.35 -2.125 0.091

D-dimer (mg/L)        

  Preoperation 0.42 ± 0.13 0.36 ± 0.11 1.053 0.246

Postoperation 9.54 ± 2.01 7.18 ± 1.74 2.304 0.087

OA: Osteoarthritis

BMI: Body Mass Index

COPD: Chronic Obstructive Pulmonary Disease
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Table 2 Operation factors between sym-DVT and non sym-DVT patients

Variables Sym-DVT

N/Mean(±SD)/Med(range)

Statistical value
 (χ2/T)

P
value

YES (31) NO (776)

ASA grade     2.970 0.227

  I grade 11 316    

  II grade 16 371    

III grade 4 89    

Anesthesia     1.698 0.428

  General anesthesia 14 352    

  Spinal anesthesia 13 327    

  Nerve block 4 97    

Incision     1.040 0.308

  Median 23 601    

  Medial parapatellar 8 175    

Length of operation 101.37
(14.39)

93.12 (13.81) 1.542 0.073

Tourniquet use (Y/N) 24/7 562/214 1.698 0.065

Tourniquet reuse (Y/N) 19/5 311/251 3.751 0.043

Length of tourniquet use        

  Once (mins) 87.46 (14.75) 81.71 (13.35) 1.755 0.060

  Reuse (mins) 106.58
(16.13)

90.46 (14.28) 1.906 0.045

Bleeding intraoperative (ml) 372.59(28.45) 368.92(30.29) 0.727 0.467

Red blood cells transfusion
(Y/N)

5/26 147/629 0.028 0.867
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Table 3 Cutoff value of numerical variables after ROC analysis and difference of sym-DVT
incidence

 Variables Cutoff
value

Devided
groups

Sym-DVT
%

χ2 P
value

Age 63.47 ≤64 2.24 -1.887 0.059  

>64 4.25      

BMI 33.18 ≤ II grade 2.37 -1.896 0.058  

> II grade 4.70      

Length of operation (mins) 95.53 ≤96 2.28 -2.09 0.037  

>96 4.84      

Length of tourniquet use
(mins)

80.78 ≤81 2.08 -2.374 0.018  

>81 4.79      

Change of CRP 56.23 ≤56.23 2.16 -2.126 0.034  

>56.23 4.50      

Change of lactic acid 1.03 ≤1.03 2.00 -2.271 0.023  

>1.03 4.32      

Low limb swelling (cm) 4.12 ≤4.2 2.19 -1.831 0.067  

>4.2 4.04      
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Table 4 Multiple logistic regression analysis of potential risk factors

Variables B SE Wald P value OR (95% CI)

Age (>64 years) 0.435 0.018 3.074 0.057 1.545(0.851-3.072)

BMI (>II grade) 1.108 0.925 3.625 0.054 3.028(0.906-3.125)

History of tumor 0.071 0.031 5.340 0.021 2.073(2.011-2.340)

History of DVT 1.625 0.113 30.635 <0.001 5.078(2.497-8.331)

History of operation 0.876 1.294 0.459 0.498 2.406(0.133-5.257)

At contralateral limb 0.952 0.928 0.662 0.416 2.591(0.824-2.003)

Length of operation (>58 mins) 0.733 0.372 1.674 0.125 2.081(0.671-3.104)

Length of tourniquet use (>81 mins) 1.035 0.918 4.074 0.056 2.815(0.926-7.125)

Low limb swelling (>1.6cm) 0.952 1.126 1.946 0.091 2.491(0.730-3.576)

Figures
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Figure 1

The follow-up �owchart Sym-DVT: Symptomatic DVT ROC: Receiver Operating Characteristic Curve CA:
Correlation analysis OR: odds ratio


