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Abstract

Background: While use of a tourniquet during total knee arthroplasty (TKA)
can reduce tourniquet-related thromboembolic events are a concern. The purpose
of this retrospective study was to explore the impact of tourniquet use on
thromboembolic events in TKA patients with and without gastrocnemius vein
dilation (GVD).

Methods: A total of 373 patients undergoing TKA were enrolled. All TKA cases
were identified from the inpatient system database. Univariate analysis,
multivariate logistic regression analysis and multivariate analysis of variance
(MANOVA) were used to compare difference between the DVT patients and the
non-DVT patients.

Results: Among the 373 patients, 80 (21.4%) developed thrombosis
events,including 73/373 (19.6%) isolated distal DVTs and 7/373 (1.9%)
proximal DVTs; sixteen of these patients were symptomatic. Logistic regression
analysis showed that older age [odds ratio (OR) = 1.087, P <0.001], varicose
veins (OR = 2.946, P = 0.030), female gender (OR =2.155, P = 0.031), GVD
(OR = 2.029, P = 0.012) and tourniquet (OR = 3.933, P <0.001) were
significantly associated with postoperative DVT. For symptomatic DVT, older
age (OR= 6.138, P = 0.024), GVD (OR = 8.197, P = 0.007) and tourniquet
(OR = 1.106, P = 0.006) were found to be the predictor. The results of
MANOVA showed that tourniquet significance increase thromboembolic events in
patients with GVD (P = 0.005). However, there is no significant difference for
symptomatic patients at present.

Conclusions: Tourniquet and GVD were the independent risk factors for total
and symptomatic DVT patients after TKA. And tourniquet use may increase
total DVT events in patients with GVD. Preoperative ultrasound examination
may be beneficial in preventing postoperative DVT. And reducing the use of
tourniquets should be considered for these GVD patients.

Keywords: tourniquet; arthroplasty, replacement, knee; risk factors;
thromboembolism; gastrocnemius vein dilation

1.Introduction

Total knee arthroplasty (TKA) has radically improved the quality of life of millions

of people during the last few decades; however, venous thromboembolism events

(VTEs) in TKA patients remain a major concern. The use of a tourniquet during

TKA can significantly decrease intraoperative blood loss and improve visualiza-
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tion of operative field (1-3), but it is also an important risk factor for VTE (4, 5).

Several other problems are associated with tourniquet use: for example, range of

motion (ROM) recovery is slower (6), and postoperative limb swelling and periop-

erative pain more (7-9), when the tourniquet is used during TKA. Gastrocnemius

vein dilation (GVD), which is a common finding during pre-operative doppler ul-

trasound examination of TKA patients, is recognized as a major risk factor for

VTE (10-13). The gastrocnemius vein runs through the muscularis of the gastroc-

nemius that primarily drain into the popliteal vein. The high incidence of VTE

in the GVD may be due to the increased gastrocnemius vein diameter, which can

be reliably detected by ultrasonography. Thus, it is reasonable to postulate that

GVD is a marker for prediction of postoperative DVT, and ultrasonography can

be used to easily and non-invasively determine gastrocnemius vein diameter and

assess gastrocnemius vein dilatation. This retrospective study from January 2017

through May 2020 provided a unique opportunity to investigate whether GVD have

an especially greater risk of VTE due to tourniquet use during TKA. This purpose

of the retrospective study was to evaluate the impact of tourniquet use on incidence

of VTE in patients undergoing TKA.

2.Methods

2.1 Patients

This study was approved by the Institutional Ethics Committee (2018039). All

patients provided informed written consent. Patients suffering from severe symp-

tomatic osteoarthritis of the knee, with radiographic evidence of end-stage os-

teoarthritis, and scheduled to undergo elective TKA surgery were eligible for inclu-

sion in this study. Patients with rheumatoid arthritis, body mass index (BMI)>40

kg/m2, revision procedures, use of anticoagulant therapy, history of bleeding dis-

order, thromboembolic complication, acute cardiac insufficiency, acute /residual

thrombosis or reflux for venous insufficiency were excluded.

2.2 Operative Techniques and Procedures

A standardized hip and knee arthroplasty care procedure is followed by operat-

ing room personnel, nursing staff, and physicians in our medical center. All TKAs

were performed by an experienced surgical team, and cemented posterior-stabilized

prostheses (Stryker, Kalamazoo, MI, USA) were used in all cases. The anesthesia

method (epidural anesthesia or general anesthesia) was selected according to the

patient’s condition. The surgical technique involved a midline skin incision, followed

by a medial parapatellar capsular incision and a measured resection technique. The

tourniquet was applied for all patients but was not inflated in the non-tourniquet

group. In tourniquet group the tourniquet was inflated before surgery (to systolic

blood pressure +100 mm Hg) and was released just before wound closure. A mixture

of 2% lidocaine, epinephrine, parecoxib, ropivacaine, and methylprednisolone was

injected into the joint capsule during surgery for pain control. Full wound irrigation

was performed and complete hemostasis secured before wound closure. Drainage was

not used in any group. Tranexamic acid (TXA) (20 mg/kg) was administered intra-

venously before the skin incision, and another dose was administered intra-articular.

A combination of a nonsteroidal anti-inflammatory drug (parecoxib) and a central
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analgesic (bucinperazine) was administered at regular intervals for pain control af-

ter surgery. A cold pack was used immediately after surgery for 12 hours. Chemical

thromboprophylaxis (rivaroxaban) was initiated 12 hours after the surgery to pre-

vent venous thromboembolism. Anticoagulation management lasted 30 days. The

standard indication for blood transfusion was hemoglobin <7 g/dL, or hemoglobin

<10 g/dL with symptomatic anemia. Postoperative rehabilitation was under the

guidance of rehabilitation doctors. All patients were encouraged to start walking

with the aid of a walker from postoperative day 2 onward.

2.3 Duplex Ultrasound and Postoperative investigations

All patients underwent preoperative Doppler ultrasound examination of the lower

limbs 1-2 days before surgery. All examinations were performed at our center by an

experienced team. The anatomy of each segment of the vein, obstruction to blood

flow, thickening of the vein wall, narrowing of the lumen, and presence of thrombus

in the vein were recorded. The inner diameter of the vessel was also recorded. A

GVD was diagnosed when the dilated gastrocnemius vein was more than 5 mm in

diameter (or 1.5 times the size of the normal side when the dilation was less than 5

mm in diameter) (14). In addition, Doppler ultrasound assessments were repeated

performed 1, 3, and 7 days after surgery, before discharge, and at each follow-up

visit to assess DVT. Ultrasonography of a suspected deep vein thrombosis has a

sensitivity of 97% when detecting DVT (15). The diagnosis of postoperative DVT

was based on 1) an absence of compressibility of the venous segment and; 2) a lack

or abnormal flow on spectral analysis and color Doppler (16, 17) (Figure 1). DVT

was classified as proximal DVT or isolated distal DVT (14). The thrombus at both

the proximal and the distal was classified as the proximal DVT. During physical

examination the presence of leg pain, swelling, or calf tenderness was recorded.

Clinical manifestations of PE (chest pain, dyspnea, and oxygen desaturation) and

computed tomographic pulmonary angiography (CTPA) evidence of PE were also

recorded. These patients were classified as symptomatic DVT patients.

2.4 Evaluation of Risk Factors

All of patients’ medical information was collected from hospitalized medical record

system, including age, gender, body mass index (BMI), hypertension, diabetes mel-

litus, heart disease, varicose veins, GVD, tourniquet, operation time, hemoglobin

(Hb), platelet (PLT), D-Dimer, prothrombin time (PT), international normalized

ratio (INR), activated partial thromboplastin time (APTT).

2.5 Statistical Analysis

Quantitative data were summarized as means± standard deviation. The independent-

samples t test and analysis of variance (ANOVA) were used, as appropriate, to

compare quantitative data between groups. Pearson’s chi-squared test or Fisher’s

exact test were used for analysis of qualitative parameters. Binary logistic regression

analysis was also used to analysis the independent risk factors for total DVT and

symptomatic patients.multivariate analysis of variance (MANOVA) were used to

calculated interaction between tourniquet and GVD. All analyses were performed

using SPSS 22.0 (IBM, Inc., Armonk, NY, USA). Statistical significance was at

P≤0.05.
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3. Result

3.1 Patients Demographics

A total of 416 patients who underwent TKA at our center between January 2017

through May 2020 were approached for inclusion in the study. However, 43 patients

did not meet the inclusion/exclusion criteria. Finally, 373 patients who satisfied all

criteria were enrolled. Table 1 summarizes the demographic characteristics of the

enrolled patients.

3.2 Thromboembolic events

3.2.1 Incidence of Postoperative DVT

A total 80/373 (21.4%) patients developed VTE in the first postoperative week.

As shown in Table 2, the majority (64 patients) were asymptomatic; only sixteen

patients had symptoms. All patients with VTEs received an additional 2-4 months

of anticoagulant therapy. No patient progressed to DVT or symptomatic PE during

the follow-up period.

3.2.2 Risk Factors for Total and Symptomatic DVT after TKA

According to the results of the univariate analysis of risk factors, as shown in Table

3, older age (P <0.001), varicose veins (P <0.001), female gender (P = 0.043),

GVD (P = 0.005), use of tourniquet (P<0.001), and D-Dimer (P = 0.034) were

significantly associated with postoperative total DVT. Older age (P = 0.021), GVD

(P = 0.002), and use of tourniquet (P = 0.004) were significantly correlated with

symptomatic patients. In multiple regression analysis (Table 4), older age (OR =

1.087, P <0.001, 95% confidence interval (CI): 1.040-1.135), GVD (OR = 2.029, P =

0.012, 95% CI: 1.167-3.528), female gender (OR =2.155, P = 0.031, 95% CI: 1.072-

4.333), use of tourniquet (OR = 3.933, P <0.001, 95% CI: 2.225-6.952) and varicose

veins (OR = 2.946, P = 0.030, 95% CI: 1.109-7.829) were selected as independent

predictors of postoperative total DVT. While older age (OR = 6.138, P = 0.024,

95% CI: 1.013-1.206), GVD (OR = 8.197, P = 0.007,95% CI: 1.796-37.406) and use

of tourniquet (OR = 1.106, P = 0.006, 95% CI: 1.665-22.633) were found to be the

independent predictors of postoperative symptomatic patients.

3.2.3 Interaction between tourniquet and GVD

As is shown in table 5, two conclusions can be drawn from MANOVA. One result

is that both tourniquet (F=12.6, P<0.001) and GVD (F=31.7,P<0.001) signifi-

cantly promoted DVT events, the other result showed that the use of tourniquet

significantly increases thromboembolic events in patients with GVD (F=8.1,P =

0.005). However, for symptomatic patients, those effect did not make a significant

difference.

4. Discussion

The present study is compared whether or not tourniquet use in patients with

GVDs affects outcomes in TKA. DVT events occurred in 21.4% (80/373) patients

in this study; these events included 73/373 (19.6%) isolated distal DVTs and 7/373

(1.9%) proximal DVTs. Symptomatic DVTs occurred in 16/373 (4.3%) patients.

The logistic regression analysis results showed that the GVD (OR: 2.029, 95% CI:
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1.167-3.528, P <0.012) and a use of tourniquet (OR: 3.933, 95% CI: 2.225-6.952, P

<0.001) were significantly associated with postoperative total DVT after TKA. In

addition, we found that tourniquet significantly increases thromboembolic events

in patients with GVD.

The mechanism for increasing of the GVD preoperatively is unclear but may be

attributed to the aging of the inner wall of the GVD. Kiyoshi et al. considered

that they cause stasis in the leg veins and counter the effect of the skeletal-muscle

pump, which results in further dilatation of the enlarged veins (18). Venous stasis

is an independent and important risk factor for VTE (19). Hence, GVD is useful

for risk stratification in TKA patients. The GVDs are often asymptomatic and are

easily detected on routine Doppler ultrasound examination, and it provides impor-

tant information for selecting a therapy for DVT prevention after major orthopedic

surgery.

The primary outcome of this study was the incidence of VTEs after TKA surgery.

In the absence of anticoagulant therapy, the incidence of DVT after TKA may be

as high as 85% (20). The high incidence of DVT observed within 3 days of the

TKA surgical procedure also indicates that early postoperative duplex ultrasound

is essential and should be advocated in all patients. TKA surgery without appli-

cation of a tourniquet might help prevent VTEs. Parmet et al. observed more and

larger venous emboli in patients in whom a pneumatic tourniquet was applied (5).

Wauke et al. found that tourniquet use increased the risk of PE and DVT events

in rheumatoid arthritis patients (21); however, this has not been confirmed in more

recent research (22, 23). Reiker̊as, et al. demonstrated that the use of the tourni-

quet increased local thrombogenic and fibrinolytic activity, but had no effect on the

systemic circulation (24).

We also found that tourniquet significantly increases thromboembolic events in pa-

tients with GVD through MANOVA. The risk of thromboembolic events is deter-

mined by three factors: hypercoagulability, hemodynamic changes, and endothelial

injury (25). We assumed the relationship between stasis produced by the tourniquet

both in superficial and deep veins could entail a higher risk of asymptomatic calf

DVT and hypoxic–hypothermic conditions in GVD patients and by causing vas-

cular endothelial injury. Both the proximal and the distal DVTs in our study had

acceptable outcomes. In contrast, proximal DVT is considered to be a more serious

issue than distal DVT because it has a higher potentially fatal PE rate (36% vs

13%) (26, 27). And the majority of events were asymptomatic distal or calf DVTs.

Research has shown that ¿90% of isolated distal thrombi completely dissolve even

without anticoagulant treatment (28). However, this does not mean that we can

blindly value the proximal DVT and ignore the distal DVT. Isolated distal throm-

bus is associated with PE and a significantly increased risk of proximal DVT (29,

30). If not treated promptly, about 25% of patients will develop DVT within 1 week

(31, 32). In the present study, all patients with DVT were given an additional period

of anticoagulation medication. This directly increased the economic burden and the

risk of bleeding and subcutaneous hematoma. These problems could be mitigated

by the use of preventive measures. From these findings we concluded that, provided

that there are no contraindications, patients with GVD should undergo TKA with-

out use of a tourniquet.
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Our study has several limitations. First, this was a single-center retrospective study.

Larger multicenter prospective study will be needed to better determine of the crit-

ical value of GVD for prediction of DVT. Second, we did not choose contrast venog-

raphy as a routine method to assess postoperative DVT because of its expensive

price and radioactivity. Finally, we accept that the sample size may not be large

enough to determine significance for all variables.

5. Conclusion

Use of the tourniquet during TKA could decrease perioperative blood loss. Non-

use of a tourniquet may help decrease thromboembolic events and occurrence of

symptomatic DVT in patients with GVD. Therefore, a reasonable preoperative

surgical plan is necessary. The appropriate surgical plan should be selected according

to the patient’s condition.
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Table 1 Preoperative Demographic

Variables total

Gender (femal) 280(75.1%)
Mean age (years) 70.5±6.7
Side (left: right) 183(49.1%)
BMI (kg/m2) 25.1±3.2
Hypertension 178(47.7%)
Diabetes mellitus 56(15.0%)
Heart disease 54(14.5%)
Varicose veins 23(6.2%)
Hb (g/dL) 123.0±12.3
PLT (103/mL) 210.9±55.0
D-Dimer (mg/mL) 0.80±1.61
PT (S) 12.9±0.94
INR 1.03±0.07
APTT (S) 36.6±2.87

BMI, body mass index; Hb, hemoglobin; PLT, platelet; PT, prothrombin time; INR, international
normalized ratio; APTT, activated partial thromboplastin time.

Table 2 Thromboembolic events after TKA

Distribution total

Proximal DVT 7(1.9%)
Distal DVT 73(19.6%)
Total DVT 80(21.4%)
Symptomatic DVT 16(4.3%)

P values calculation using ANOVA, the Pearson chi-square test or Fisher exact test. DVT, deep
vein thrombosis.

Table 3 Comparison of risk factors for total DVT and symptomatic patients.

Variables All patients DVT group Non-DVT group P-value Symptomatic DVT Non-symptomatic DVT P-value

Age (years) 70.5±6.7 73.2±6.1 69.7±6.6 0.001 74.3±7.1 70.3±6.6 0.021
Gender (female) 280(75%) 67(83.8%) 213(72.7%) 0.043 15(94%) 265(74%) 0.078
BMI (kg/m2) 25.1±3.2 25.2±3.1 25.1±3.2 0.843 25.9±2.9 25.1±3.2 0.308
Hypertension 178(47.7%) 38(47.5%) 157(53.6%) 0.336 8(50.0%) 170(47.6%) 0.853
Diabetes mellitus 56(15%) 15(18.8%) 41(14.0%) 0.292 5(31.3%) 51(14.3%) 0.063
Heart disease 54(14.4%) 16(20.0%) 38(13.0%) 0.114 1(6.3%) 53(14.9%) 0.340
Varicose veins 23(11%) 10(12.5%) 13(4.4%) 0.001 2(12.5%) 21(5.9%) 0.283
GVD 186(49.9%) 51(63.8%) 135(46.1%) 0.005 14(88%) 172(48%) 0.002
Tourniquet 170(46.7%) 56(70.0%) 118 (40.2%) 0.001 13(81%) 161(45%) 0.004
Operation time (min) 79.2±8.1 78.1±8.2 78.1±8.2 0.161 77.7±9.3 79.3±8.1 0.438
Hb (g/dL) 123.0±12.3 121.9±13.4 123.3±11.9 0.346 119.3±15.1 123.2±12.1 0.216
PLT (103/mL) 210.9±55.0 205.5±55.2 212.4±55.0 0.318 192.9±65.2 211.7±54.5 0.181
D-Dimer (mg/mL) 0.80±1.61 1.14±2.33 0.71±1.34 0.034 1.35±3.0 0.78±1.52 0.172
PT (S) 12.89±0.94 12.79±0.86 12.91±0.96 0.302 13.0±1.15 12.9±0.93 0.654
INR 1.03±0.07 1.02±0.06 1.04±0.08 0.053 1.02±0.07 1.03±0.08 0.526
APTT (S) 36.6±2.9 36.4±2.7 36.6±2.9 0.419 36.0±3.0 36.6±2.9 0.372
PT (S) 12.89±0.94 12.79±0.86 12.91±0.96 0.302 13.0±1.15 12.9±0.93 0.654
P values calculation using ANOVA, the independent Sample T Test or the Pearson chi-square

test. DVT, deep vein thrombosis; BMI, body mass index; GVD, gastrocnemius vein dilation; Hb,
hemoglobin; PLT, platelet; PT, prothrombin time; INR, international normalized ratio; APTT,

activated partial thromboplastin time.

Table 4 Comparison of risk factors for total DVT and symptomatic patients.

total DVT symptomatic DVT
Variables P-value OR 95% CI P-value OR 95% CI

Age (years) 0.001 1.087 1.040-1.135 0.024 6.138 1.013-1.206
Gender (female) 0.031 2.155 1.072-4.333 -
Varicose veins 0.030 2.946 1.109-7.829 -
GVD 0.012 2.029 1.167-3.528 0.007 8.197 1.796-37.406
Tourniquet 0.001 3.933 2.225-6.952 0.006 1.106 1.665-22.633
D-Dimer (mg/mL) 0.120 1.120 0.971-1.291 -
P values calculation using ANOVA, the independent Sample T Test or the Pearson chi-square

test. DVT, deep vein thrombosis; BMI, body mass index; GVD, gastrocnemius vein dilation; Hb,
hemoglobin; PLT, platelet; PT, prothrombin time; INR, international normalized ratio; APTT,

activated partial thromboplastin time.
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fig1(a)

Figure 1 The evaluation of gastrocnemius vein dilation (GVD), shows one patient has a
gastrocnemius vein diameter of 7.6 mm before TKA.

fig1(b)

Figure 2 The evaluation of postoperative deep vein thrombosis (DVT), shows a lack or abnormal
flow on spectral analysis and color Doppler.

fig2(a)

Figure 3 Interaction effect between tourniquet * GVD on thromboembolic events.

fig2(b)

Figure 4 Interaction effect between tourniquet * GVD on symptomatic patients.

Table 5 Multivariate analysis of variance results for total DVT and symptomatic patients.

total DVT symptomatic DVT
Variables P-value F P-value F

GVD 0.001 31.7 0.005 7.8
tourniquet 0.001 12.6 0.034 4.5
GVD * tourniquet 0.005 8.1 0.1 2.7

Multivariate analysis of variance results to identify the interaction of independent risk factors.
GVD, gastrocnemius vein dilation.



Figures

Figure 1

The evaluation of gastrocnemius vein dilation (GVD), shows one patient has a gastrocnemius vein
diameter of 7.6 mm before TKA.



Figure 2

The evaluation of postoperative deep vein thrombosis (DVT), shows a lack or abnormal �ow on spectral
analysis and color Doppler.



Figure 3

Interaction effect between tourniquet * GVD on thromboembolic events.



Figure 4

Interaction effect between tourniquet * GVD on symptomatic patients.


