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Abstract 

Purpose There is a significant risk of DVT after TKA. We aim to evaluate the potential risk factors for postoperative 
DVT in the lower extremities in TKA patients over 60 years of age and provide a reference for the effective prevention 
of DVT.

Methods This retrospective study included patients older than 60 who underwent TKA surgery in our hospi-
tal from May 2015 to May 2022 and compared and analyzed patients’ personal characteristics and clinical data 
with or without postoperative DVT. Logistic regression analysis was performed to determine the potential risk factors 
for DVT after TKA. The sensitivity and specificity of each risk factor in the diagnosis of DVT were compared by the ROC 
curve, and the value of this model in the diagnosis of DVT was further investigated using a multivariable combined 
diagnosis ROC curve model.

Results A total of 661 patients over 60 who underwent TKA were included. Preoperative Hematocrit (HCT), plate-
let count, anesthesia mode, postoperative D-dimer, ESR, diabetes mellitus, and other aspects of the DVT group 
and non-DVT group were statistically significant after TKA (P < 0.05). Multivariate logistics regression analysis showed 
that preoperative HCT, anesthesia mode, and diabetes were independent risk factors for DVT in patients over 60 years 
old after TKA. Compared with the univariate ROC model, the multivariable combined ROC curve analysis model 
has a higher diagnostic value for the diagnosis of DVT.

Conclusion DVT is common in patients over 60 years of age after TKA, and there is a multivariable influence on its 
pathogenesis. For patients over 60 with diabetes, neuraxial anesthesia is recommended for patients with high preop-
erative HCT levels, which may reduce the incidence of postoperative DVT.
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Introduction
TKA is one of the most common orthopedic surgeries 
to effectively treat knee joint diseases, including osteo-
arthritis, rheumatoid arthritis, and gouty arthritis. In 
recent years, the global demand for TKA surgery has 
been increasing, especially for middle-aged and elderly 
patients over 60 who receive TKA surgery to obtain bet-
ter surgical results and improve their quality of life [1]. 
While most patients experience significant pain relief and 
improved functionality after TKA, some patients report 
poor postoperative outcomes, with no improvement 
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or worsening symptoms. Complications contribute to 
patient dissatisfaction following joint arthroplasty sur-
gery, including periprosthetic infection, DVT, anemia, 
and pain [2]. Among these complications, DVT is consid-
ered one of the most serious and potentially life-threat-
ening complications following TKA, as it can lead to fatal 
pulmonary embolism (PE) [3].

For patients undergoing TKA, early initiation of reha-
bilitation exercises is crucial for the recovery of knee 
joint function and effectively prevents the formation of 
DVT [4]. Various treatment modalities have been pro-
posed to prevent and control lower limb DVT, including 
risk stratification using the Caprini score and prophy-
lactic administration of low molecular weight heparin 
[5]. These methods have demonstrated varying degrees 
of efficacy, but there are still cases where DVT occurs 
despite appropriate treatment.

Anesthesia is crucial in the TKA surgical process and 
postoperative pain management. There is no gold stand-
ard for the most suitable anesthesia method for TKA, as 
it depends on the skills and preferences of the anesthe-
siologist. In recent years, it has been reported that dif-
ferent anesthesia methods used in TKA may affect the 
occurrence of postoperative complications, such as res-
piratory depression, pulmonary infection, PE, and heart 
disease [6], which provides a new direction for ortho-
pedic research on the prevention of postoperative DVT. 
In addition, most middle-aged and elderly patients who 
need TKA treatment are often accompanied by chronic 
diseases such as hypertension and diabetes, and there has 
been no clear research on the optimal anesthesia method 
for these patients. Therefore, the purpose of this study is 
to identify the risk factors for DVT after TKA in elderly 
patients over 60 years old, explore the influence of differ-
ent anesthesia methods on postoperative DVT of lower 
limbs in middle-aged and elderly TKA patients, and pro-
vide reference and clinical guidance for the prevention of 
DVT of lower limbs.

Methods
This retrospective study was approved by the Ethics 
Review Committee of the First Affiliated Hospital of 
Wenzhou Medical University, and informed consent 
was obtained from all participants. The study included 
patients aged 60 and above with knee osteoarthritis who 
underwent unilateral TKA at the First Affiliated Hospital 
of Wenzhou Medical University between May 2015 and 
May 2022. All procedures in this study were conducted 
according to the principles outlined in the Helsinki 
Declaration.

All data were obtained from the electronic medical 
record system of the medical center. We included patients 
who underwent unilateral TKA at our hospital between 

May 2015 and May 2022. The inclusion criteria for this 
study were as follows: (1) meeting the surgical criteria for 
TKA as the first procedure; (2) a Tourniquet was used to 
control bleeding during the operation. (3) Age 60  years 
and above; (4) The perioperative data entirely case data 
(pre- and postoperative testing, at least two times of 
vascular Doppler ultrasound (DU) examination were 
performed after operation, and anesthetic information); 
(5) Preoperative lower limb vascular DU confirming the 
absence of thrombosis in both lower limbs; (6) Inclu-
sion of patients with calf muscle vein thrombosis. The 
exclusion criteria were as follows: (1) Patients with previ-
ously diagnosed lower extremity DVT or lower extrem-
ity varicose veins; (2) Presence of any condition requiring 
anticoagulant or antiplatelet therapy (For example, post-
cardiac valve surgery, atrial fibrillation, and coronary 
stent placement); (3) The cases of failure of NA and tem-
porary change to general anesthesia (GA) were excluded; 
(4) Exclusion of patients with hemophilic arthritis due to 
abnormal coagulation function, as well as patients with 
rheumatoid arthritis, as the abnormal inflammatory fac-
tors can affect the occurrence and development of DVT; 
(5) exclusion of patients with malignancy, pathological 
fractures, allergy to anticoagulant drugs, thrombocy-
topenia, recent gastrointestinal bleeding, or a history of 
stroke within 3  months, as these conditions can poten-
tially influence the development of DVT; (6) exclusion of 
patients with incomplete medical records.

The diagnostic criteria for lower limb DVT were based 
on relevant clinical practice guidelines [7]. Thrombo-
embolic risk assessment was routinely performed for all 
admitted patients. Patients without contraindications 
for anticoagulation received basic thromboprophylaxis, 
including chemoprophylaxis with low molecular weight 
heparin (LMWH) at a dose of 3800 IU/0.4 ml once daily, 
along with mechanical prophylaxis. Before and follow-
ing surgery, patients were actively encouraged to engage 
in knee joint functional rehabilitation exercises and early 
mobilization. Pre- and postoperative color DU examina-
tions of the affected lower limb veins were performed 
by experienced radiologists to diagnose the occurrence 
of DVT. The diagnosis of DVT was based on assessing 
vessel and blood flow velocity using ultrasound [8], with 
lower limb deep veins being checked every 2–3  days. 
Venography was performed when necessary to confirm 
DVT. Based on the DU results, patients were classified 
into DVT and non-DVT groups. If DU confirmed DVT, 
physical prophylaxis was discontinued, and inferior vena 
cava filters were considered if necessary to prevent fatal 
PE.

The collected data included detailed demographic 
information, comorbidities, personal medical history, 
smoking and alcohol history, pre-and postoperative 
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laboratory tests (including complete blood count, 
liver and kidney function, coagulation function, and 
D-dimer), preoperative preparation time, and surgical 
factors (operative time, anesthesia method).

Statistical analysis
Statistical analysis was performed using SPSS 26.0 
software (IBM, New York, USA). Quantitative data are 
presented as mean ± standard deviation, while qualita-
tive data are presented as numbers and percentages. 
Depending on the data type and distribution, the inde-
pendent samples t-test or Mann–Whitney test was 
used for comparing quantitative variables, and the chi-
square test or Fisher’s exact test was used for compar-
ing qualitative variables. Variables with a P value < 0.05 
in the univariate logistic regression analysis were 
entered into the multivariate logistic regression analysis 
to identify the risk factors for DVT occurrence in TKA 
patients aged 60 and above. Receiver operating charac-
teristic (ROC) curves were constructed using MedCalc 
20.0 software. The optimal cutoff values for each vari-
able were determined based on the Youden index, and 
the diagnostic value of the multivariate logistic regres-
sion model in predicting DVT occurrence in TKA 
patients aged 60 and above was evaluated using the 
ROC curve. This study’s P value < 0.05 was considered 
statistically significant for differences.

Results
A total of 661 patients aged 60 and above who under-
went TKA were included in this study. Detailed informa-
tion on excluded cases is shown in Fig. 1. Among them, 
207 patients developed DVT, resulting in a DVT occur-
rence rate of 31.3% in TKA patients. The average age of 
patients who developed DVT was 70.13 ± 7.05 years, with 
65 males and 142 females. In the univariate analysis, sig-
nificant differences (P < 0.05) were observed between 
patients with and without DVT in variables such as 
preoperative HCT, platelet count (PLT), postoperative 
D-dimer and erythrocyte sedimentation rate (ESR) levels, 
presence of diabetes, and anesthesia method. However, 
there were no statistically significant differences in age, 
smoking, alcohol consumption, body mass index (BMI), 
preoperative preparation time, blood lipids, albumin 
(ALB) levels, or duration of surgery times. Detailed char-
acteristics of the two groups are presented in Table 1.

The factors with statistically significant differences 
in the univariate analysis were included in a univariate 
logistic regression analysis. The study revealed that pre-
operative HCT, diabetes, and anesthesia methods were 
potential risk factors for DVT in TKA patients. By con-
trolling for confounding factors and including the vari-
ables above in a multivariate logistic regression analysis 
model, it was found that preoperative HCT (OR 1.72, 
95% CI 1.54–2.89, P = 0.04), diabetes (OR 2.33, 95% CI 
1.47–3.67, P < 0.001), and anesthesia method (OR 1.79, 

Fig. 1 Exclusion criteria and the number of studies were included in this study
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95% CI 1.28–2.51, P = 0.001) were independent risk fac-
tors for DVT occurrence in TKA patients aged 60 and 
above (Table 2).

ROC curve analysis was performed to evaluate the 
area under the curve (AUC), sensitivity, and specificity 

of preoperative HCT, diabetes, and anesthesia (Table 3). 
The AUC for preoperative HCT was 0.587 (95% CI 
0.550–0.622, P < 0.001), with a sensitivity of 67.59% and 
specificity of 71.40%. The optimal cutoff point was deter-
mined to be > 0.4. For diabetes, the AUC was 0.631 (95% 
CI 0.593–0.668, P < 0.001), with a sensitivity of 36.57% 
and specificity of 89.66%. The AUC for the anesthesia 
method was 0.612 (95% CI 0.573–0.649, P < 0.001), with 
a specificity of 60.28% and sensitivity of 57.08% (Fig. 2). 
In the multivariate analysis, the combined diagnosis 
using the factors above yielded an AUC of 0.803 (95% CI 
0.744–0.854, P < 0.001), with a sensitivity of 67.69% and 
specificity of 90.26% (Fig. 3).

Discussion
The surgical volume of TKA has significantly increased 
due to population aging, obesity, and advancements in 
joint prosthesis quality [9]. On the one hand, as popu-
lation activity and exercise-related injuries continue to 
rise, osteoarthritis has been notable among middle-aged 
and elderly individuals below 65. Moreover, younger age 
and improved preoperative health conditions have been 
linked to more favorable outcomes following TKA, lead-
ing to further escalation in knee arthroplasty rates within 
this demographic [10]. In this study, the incidence of 
DVT after TKA was 31.3%, higher than the previously 
reported rate of 16.8% [11]. The patients included in the 
present study are middle-aged and elderly patients who 
underwent more rigorous and frequent DU examinations 
of lower extremity vessels after surgery. In addition, we 
included patients with isolated muscle-vein thrombosis 

Table 1 Demographic characteristics and univariate analysis of 
DVT after TKA surgery

BMI body mass index, Hb hemoglobin, HCT hematocrit, ALB albumin, PLT 
platelets, ESR erythrocyte sedimentation rate, GA general anesthesia, NA 
neuraxial anesthesia

Variables DVT n = 207 No-DVT n = 454 P value

Number of patients 207 (31.3%) 454 (68.7%) –

Gender (n, %) 0.657

 Male 65 (31.4%) 153 (33.7%)

 Female 142 (68.5%) 301 (66.3%)

Age (mean ± SD) 70.13 ± 7.05 69.33 ± 7.15 0.178

BMI (mean ± SD) 25.38 ± 3.77 25.75 ± 13.27 0.694

Side (n, %) 0.197

 Left side 81 (39.1%) 207 (45.6%)

 Right side 126 (60.8%) 247 (54.4%)

Smoking (n, %) 15 (7.2%) 51 (11.2%) 0.113

Alcohol (n, %) 17 (8.2%) 54 (11.9%) 0.156

Preoperative period

 Preoperative time (days) 3.01 ± 1.42 3 ± 1.48 0.937

 Triglyceride (mmol/L) 2.29 ± 1.47 2.23 ± 1.34 0.579

 Cholesterol (mmol/L) 5.34 ± 2.01 5.30 ± 1.06 0.746

 Fibrinogen (g/L) 3.43 ± 0.77 3.41 ± 0.76 0.763

 Hb (g/L) 128.07 ± 13.36 129.94 ± 13.86 0.104

 HCT (L/L) 0.45 ± 0.05 0.39 ± 0.04 0.018

 ALB (g/L) 39.52 ± 3.31 39.51 ± 3.16 0.97

 PLT (10^9/L) 247.02 ± 64.78 233.29 ± 65.32 0.012

 D-dimer (mg/L) 0.70 ± 1.04 1.10 ± 10.09 0.574

Intraoperative period

 Duration of surgery times 82.03 ± 20 84.38 ± 22.59 0.248

 Anesthesia (n, %) < 0.001

 GA 114 (55.1%) 200 (44.1%)

 NA 93 (44.9%) 254 (55.9%)

Postoperative period

 Triglyceride (mmol/L) 1.24 ± 0.52 1.40 ± 0.94 0.058

 Cholesterol (mmol/L) 4.71 ± 1.03 4.63 ± 1.05 0.514

 Fibrinogen (g/L) 4.32 ± 1.32 4.16 ± 1.26 0.201

 Hb (g/L) 119.38 ± 14.01 123.48 ± 48.67 0.236

 ALB (g/L) 35.02 ± 2.77 35.28 ± 3.54 0.364

 PLT  (109/L) 213.89 ± 61.39 209.60 ± 58.33 0.39

 D-dimer (mg/L) 2.95 ± 2.48 3.88 ± 4.30 0.048

 ESR (mm/h) 8.20 ± 3.90 29.90 ± 19.12 0.018

 HCT 0.37 ± 0.04 0.35 ± 0.04 0.175

Preoperative comorbidities

Diabetes (n, %) 36 (17.4%) 55 (12.1%) < 0.001

 Hypertension (n, %) 90 (43.5%) 176 (38.8%) 0.252

Table 2 Risk factors of DVT after Univariate and Multivariable 
logistics regression analyzed TKA surgery

HCT Hematocri

Variable Univariate Multivariable

OR (95%CI) P OR (95%CI) P

Preoperative HCT 1.69 (1.42–2.61) 0.018 1.72 (1.54–2.89) 0.04

Diabetes 2.28 (1.46–3.57) < 0.001 2.33 (1.47–3.67) < 0.001

Anesthesia 1.76 (1.26–2.44) < 0.001 1.79 (1.28–2.51) 0.001

Table 3 AUC values for each risk factor under the ROC curve

HCT Hematocrit

Variable AUC 95%CI P

Lower limit Upper limit

Preoperative HCT 0.587 0.550 0.622 < 0.001

Anesthesia 0.612 0.573 0.649 < 0.001

Diabetes 0.631 0.593 0.668 < 0.001
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of the calf because muscle-vein thrombosis can progress 
to a significant DVT of the lower extremity, and shedding 
of a giant muscle-vein thrombus can lead to pulmonary 
embolism [12].

Current screening for DVT mainly relies on strict DU 
diagnosis, but limited by resources, it is impossible to 
implement dynamic monitoring of thrombus in each 
patient. A retrospective study of 1848 trauma deaths 

found that ISS (Iniurv Severity Score) < 16 patients 
with lower-extremity injuries were at risk for fatal PE 
after discharge, but only 8% had venous thromboem-
bolism diagnosed by DU before death [13]. We believe 
there are still more undiagnosed DVT cases, and the 
incidence of DVT will be further increased if the rate 
of DU examination is increased. Therefore, for middle-
aged and elderly patients, we should take more active 
measures based on the original DVT prevention, such 
as the combination of multiple physical prevention 
(ankle pump exercise combined with intermittent air 
pressure pump or elastic socks), regular monitoring of 
coagulation function and vascular DU, active preven-
tion of postoperative pain, and early postoperative knee 
joint functional exercise.

HCT level is one of the critical determinants of blood 
viscosity. It is associated with increased blood viscos-
ity, decreased venous return, and increased exposure of 
endothelial cells to platelets and coagulation factors [14]. 
Therefore, theoretically, patients with HCT levels above 
the normal range are more likely to develop DVT.

The study by Vaya found a significantly higher rate of 
DVT in patients with HCT, more significant than 45% 
[15]. In another study, Yu-Min Zhang [16] found a non-
linear association between HCT levels at admission 
and preoperative DVT in patients with hip fractures. 
That HCT at admission was a risk factor for preopera-
tive DVT, and when HCT was 33.5%, the severity of low 
hematocrit was not associated with preoperative DVT. 
There are few studies on the relationship between HCT 
and DVT after TKA. This study found that high preop-
erative HCT level is an independent risk factor for DVT 
in elderly patients over 60 years old after TKA, increas-
ing the risk of postoperative DVT by 1.72 times. To 
more accurately evaluate the relationship between HCT 
levels and postoperative DVT, we used the ROC curve 
to determine the optimal cutoff point as 0.40. Patients 
with a preoperative HCT > 0.4 are considered at high risk 
for postoperative DVT after TKA. Related studies have 
explained that increased HCT may benefit clot forma-
tion by increasing circulating platelets and promoting 
the residence time of clotting factors near the vascular 
endothelium [17]. Slow blood loss during the operation 
leads to the loss of various cellular components, includ-
ing red blood cells. Without strict fluid management 
during the operation, it is easy to cause body fluid to 
infiltrate the tissue space, resulting in blood concentra-
tion, which manifests as increased HCT and ultimately 
increases the risk of DVT [18, 19]. Therefore, for patients 
with high preoperative HCT levels, preoperative fluid 
volume should be increased to dilute each cell compo-
nent, reduce intraoperative bleeding, strict fluid manage-
ment, and monitor whether bleeding continues in the 

Fig. 2 The AUCs of different variables represent the ability of each 
risk factor to differentiate the risk of DVT

Fig. 3 ROC curve analysis of multivariable combined diagnosis
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joint cavity after surgery to prevent the increase of DVT 
risk due to hemoconcentration.

In order to control intraoperative bleeding and shorten 
the operation time, some doctors choose to use tour-
niquets. However, they also face safety issues, such as 
increasing the incidence of postoperative DVT and exac-
erbating postoperative pain and swelling in the short 
term [20]. The use of a tourniquet is not strictly pre-
scribed, and current studies suggest that early tourniquet 
release in patients undergoing TKA reduces the inci-
dence of DVT without increasing the incidence of com-
plications [21].

In this study, the risk of DVT after TKA in patients 
with diabetes mellitus was significantly increased. Dia-
betes mellitus was an independent risk factor for DVT 
after TKA, and the risk of diabetic patients was 2.33 
times higher than non-diabetic patients. The results of 
our study are similar to those of Wang [22], suggesting 
that patients with diabetes have a 2.76 times higher risk 
of developing DVT within 14 days after TKA than those 
without diabetes. There are often a variety of abnormal 
metabolic states in diabetic patients. These metabolic 
abnormalities can affect endothelial cells through oxida-
tive stress, inflammation, protein glycosylation, and other 
ways, leading to vascular intimal damage, endothelial 
dysfunction, increased platelet activity, and coagulation 
system imbalance [23]. Therefore, the development of 
DVT may be exacerbated by the combined effects of sur-
gery and diabetes.

A growing body of evidence suggests that the choice 
of perioperative anesthesia in TKA may affect the risk of 
postoperative complications and mortality [24]. Memt-
soudis [25] compared GA and NA and determined 
whether the choice of anesthesia impacted perioperative 
outcomes. In the TKA subgroup, GA was associated with 
higher rates of PE, pneumonia, systemic infection, acute 
renal failure, and 30-day overall mortality. This study 
found that GA after TKA was associated with a higher 
risk of DVT (OR 1.79, 95%CI 1.28–2.51, P = 0.001). This 
result is similar to the study’s conclusion by Callaghan 
[26]. The choice of anesthesia method is an independent 
risk factor for short-term complications after TKA. The 
current study suggests that the type of anesthesia does 
not only affect the incidence of DVT after TKA. Moucha 
[27] compared the incidence of postoperative complica-
tions in 6133 patients who underwent hip fracture sur-
gery under spinal or general anesthesia. The number of 
patients with postoperative DVT increased significantly. 
The effect of GA drugs on the central nervous system can 
inhibit sympathetic nerve activity, leading to vasodila-
tion and a decrease in cardiac output [28], slowing down 
blood flow in the lower limb veins and increasing the 
possibility of blood retention.

On the other hand, narcotic drugs can interfere 
with the synthesis and metabolism of clotting factors 
and cause platelet activation and aggregation, caus-
ing the blood to agglutinate more quickly, making it 
easier to attach to the inner wall of blood vessels and 
form thrombosis [29, 30]. Current studies suggest that 
the mechanism of DVT caused by GA affecting the 
blood circulation system is complex and diverse. More 
research is needed to investigate the potential mecha-
nisms of these findings. Therefore, reducing the side 
effects of anesthetic drugs to effectively ensure intraop-
erative analgesia through NA may reduce the incidence 
of postoperative DVT [31].

We used ROC curves to detect independent risk fac-
tors to predict the value of postoperative DVT. Accord-
ing to the ROC curve, we found that the AUC of each 
risk factor did not reach the ideal level, suggesting that 
the occurrence of DVT is multivariable and complex 
and that the accuracy of predicting the occurrence of 
DVT after TKA by a single factor is insufficient. Each 
risk factor was put into a multivariate logistic regres-
sion model. After ROC curve analysis, the AUC of the 
model was significantly increased to 0.803, the specific-
ity was 90.26%, and the sensitivity was 67.69%. Multi-
variate ROC curve analysis showed that the model had 
a high predictive value for the occurrence of DVT after 
TKA in patients over 60 years old. It should be pointed 
out that the results of this study will help us to iden-
tify the potential population of middle-aged and elderly 
patients who may develop DVT after TKA, and more 
stringent perioperative DVT prevention and treat-
ment combined with anesthesia during the operation is 
expected to reduce the incidence of postoperative DVT 
further.

There are some limitations to this study. First, this is a 
retrospective study, limited by a single center and small 
case sample size, and the results of this study should 
be treated with caution. Second, for patients with dia-
betes, we did not distinguish the types, such as type 
1 or type 2, and we did not routinely detect HBA1c. 
Because our study was a retrospective design, we could 
not collect most of the data on HBA1c, so we could 
not include these indicators in the analysis. Third, this 
study lacks follow-up and dynamic observation. Some 
patients after TKA may develop DVT after discharge, 
and the data for this part cannot be obtained, result-
ing in the survivor effect. In the future, larger samples 
and multi-center studies are needed to further explore 
the risk factors for DVT in patients over 60 years of age 
after TKA surgery to provide reliable evidence for pre-
venting DVT.
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Conclusion
In summary, this study confirms that the incidence of 
DVT after TKA is higher in patients over 60  years of 
age and that diabetes, preoperative HCT, and type of 
anesthesia may be independent risk factors for postop-
erative DVT. Therefore, for patients over 60  years old 
with diabetes who plan to undergo TKA, it is recom-
mended to actively adjust the preoperative HCT level 
of the patient and choose NA during the operation, 
which may help to reduce the level of postoperative 
DVT.
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