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Abstract
Purpose: The incidence and characteristics of deep vein thrombosis (DVT) following total knee
arthroplasty (TKA) without pharmacologic prophylaxis have not been fully investigated. This study aimed
to determine whether there are any differences in the incidence, location, and characteristics of DVT
following TKA with pharmacologic prophylaxis and without pharmacologic prophylaxis.

Methods: In total, 216 consecutive knees that underwent primary TKA were retrospectively evaluated.
Enoxaparin was used postoperatively for pharmacologic prophylaxis. We excluded 60 knees because of
use of antiplatelet agents or anticoagulants before surgery, history of venous thromboembolism, or
bleeding risk. The remaining 156 knees were included in the analysis and divided into two groups: with
pharmacologic prophylaxis (n = 79) and without pharmacologic prophylaxis (n = 77).

Results: The overall incidence of DVT was 34% (54/156 knees). DVT was detected in 31.6% of knees in
the group with pharmacologic prophylaxis and in 37.6% of knees in the group without pharmacologic
prophylaxis; the difference was not statistically signi�cant. Soleal vein thrombus was observed in 74.6%
of the knees with DVT and non-�oating thrombus was observed in 98.7%.

Conclusion: No differences were found in the incidence, location, or characteristics of DVT following TKA
with or without pharmacological prophylaxis.

Introduction
Deep vein thrombosis (DVT) is one of the major potential complications in patients undergoing total knee
arthroplasty (TKA)1,2,3. Chemoprophylaxis and/or mechanical prophylaxis (such as use of an intermittent
pneumatic compression device) are recommended in the 2011 American Academy of Orthopaedic
Surgeons guidelines2,4,5. Although pharmacologic intervention is known to be effective for preventing
DVT3,5, research on pharmacologic prophylaxis has continued in an effort to reduce its incidence1 .

Risk factors for DVT following TKA have also been investigated6. Previous studies have suggested that
ethnic differences play a role in the risk of DVT7,8,9, and its incidence has been reported to be lower in
Asians than in Caucasians9,10. Given the low incidence of DVT in Asians, routine pharmacological
prophylaxis is not recommended11,12,13. There have also been several reports on the incidence of DVT
following TKA without pharmacologic prophylaxis13,14. Chang et al.14 found that the overall incidence of
postoperative DVT was 58.5% per knee in 253 consecutive knees that underwent TKA with mechanical
prophylaxis when evaluated indirectly by computed tomography (CT) venography. In that study,
symptomatic DVT occurred at a rate of 0.4% per knee. Park et al.13 retrospectively reviewed 2891
consecutive TKAs and reported an incidence of symptomatic DVT of 0.35% per knee (n = 11) with use of
mechanical prophylaxis alone. However, they did not report the overall incidence of DVT, including those
that were asymptomatic. The other reports on the incidence of DVT following TKA without
pharmacologic prophylaxis are relatively old and investigated postoperative management strategies,
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such as early ambulation and exhaustive pain management, that are different from those currently
used11,12. Therefore, there is still limited information on the incidence of DVT without pharmacologic
prophylaxis, which raises questions about whether the American Academy of Orthopaedic Surgeons
guidelines should be followed15.

Furthermore, few of the studies that have investigated the difference in incidence of DVT following TKA
with and without pharmacological prophylaxis have focused on the characteristics of thrombus. Several
reports have evaluated whether the DVT was distal or proximal14,16, but none have assessed the
distribution in the veins or the characteristics of the thrombus. Ultrasonography is a reliable method for
detection of DVT17. Compared with contrast-enhanced CT or venography, this technique is not only less
invasive, but also provides a large amount of information on echogenicity and the compressibility of the
thrombus. It includes information on whether a vein segment can be completely compressed under gentle
probing pressure, which is the diagnostic criterion for DVT18. However, it remains unclear whether there
are differences in the incidence and characteristics of DVT after TKA with or without pharmacological
prophylaxis.

The purpose of this study was to determine whether there are differences in the incidence, location, and
characteristics of DVT following TKA with pharmacologic prophylaxis versus without pharmacologic
prophylaxis. We hypothesized that pharmacologic prophylaxis would have no effect on these parameters.

Materials And Methods
Patient eligibility and selection.

This was a retrospective study of 216 consecutive knees that underwent primary TKA at our institution
between November 2018 and October 2020. Patients who underwent TKA in the �rst year of this 2-year
study received a combination of physical and pharmacologic prophylaxis (November 2018–October
2019, group 1) and those who underwent TKA in the second year received physical prophylaxis only
(November 2019–October 2020, group 2). Standard physical prophylaxis consisted of the use of elastic
stockings and an intermittent pneumatic compression device in the early postoperative period.
Pharmacologic prophylaxis consisted of administration of enoxaparin 20 mg twice daily for
approximately 6 days starting 24 h postoperatively until duplex ultrasonography was performed to
determine whether postoperative DVT was present. Of the 216 consecutive knees, 60 were excluded
because of 1) postoperative administration of antiplatelet agents or anticoagulants or a history of
venous thromboembolism (VTE; n = 50) or 2) bleeding risk (n = 10). Ultimately, 155 knees with
pharmacologic prophylaxis (group 1, n = 79) or without pharmacologic prophylaxis (group 2, n = 77) were
included in the study (Fig. 1). There were 96 women and 34 men of mean age 70 (range, 40–86) years.
There was no signi�cant difference in preoperative height and weight, body mass index, sex ratio, or side
affected between the study groups (Table 1). 

Table 1. Patient demographics
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  Group 1 Group 2 P-value

Male/female, n 21/46 13/51 0.13

Age, years 71.1 ± 7.8 69.4 ± 8.9 0.21

Height, cm 155 ± 9.1 155 ± 8.8 0.61

Weight, kg 62.7 ± 11.5 64.0 ± 13.0 0.51

Body mass index 25.7 ± 3.5 26.5 ± 4.3 0.21

Affected side, n, right/left 43/36 43/34 1.00

Data are shown as the number or the mean ± standard deviation. Group 1, patients who received
pharmacologic prophylaxis. Group 2, patients who did not receive pharmacologic prophylaxis.

Surgical technique and rehabilitation interventions.

The surgical procedures were performed by any of four specialist knee surgeons. The most common
prostheses used were Journey II (84 knees, Smith & Nephew, Memphis, TN, USA) and Vanguard (54
knees, Zimmer, Warsaw, IN, USA); the others were Legion (2 knees, Smith & Nephew), Persona (2 knees,
Zimmer), and Low Contact Stress (14 knees, DePuy, Warsaw, IN, USA). The TKA instruments were chosen
according to the surgeon’s preference. All surgeries were performed via a subvastus approach. The
Journey II, Legion, and Persona prostheses were cemented and the Vanguard and Low Contact Stress
were cementless. A postoperative drainage tube was not always placed. A tourniquet was used in all
cases, with in�ation before incision and release after closing the skin. Tranexamic acid 1000 mg was
administered intravenously approximately 10 min before the tourniquet was released. Patients were
allowed to ambulate with full weight bearing as pain permitted from the day following surgery and
underwent rehabilitation without restriction of range of motion. As reported previously, allogeneic blood
transfusion was performed when the hemoglobin level was below 7.0 g/dL and the patient had
symptoms of anemia19.

Assessment for VTE.

Duplex ultrasonography was performed in all patients on postoperative day 7 to determine whether
postoperative DVT was present. DVT was assessed by whole leg ultrasonography20 and the location of
the thrombus was recorded. Proximal DVT was de�ned as DVT occurring in the popliteal vein or above. If
multiple thrombi were found in the same case, each location was counted. Compressibility (�rm, soft),
echogenicity (hyperechoic, isoechoic, hypoechoic), vein diameter (mm), and whether the thrombus was
attached to the vein wall or free-�oating were also investigated. All duplex ultrasonography procedures
were performed by the same team of ultrasonographers. If pulmonary thromboembolism was suspected
based on clinical �ndings, contrast-enhanced CT was added. Patients who were con�rmed to have DVT
on duplex ultrasonography were treated with apixaban.
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Assessment for perioperative complications.

Complications in group 1 were retrospectively assessed by review of the patients’ medical records.
Complications were de�ned as major bleeding (e.g., death or a life-threatening clinical event), minor
bleeding (an overt bleeding episode that did not meet the criteria for major bleeding)21, and additional
wound procedures. Changes in hemoglobin levels recorded during the perioperative period were evaluated
to assess the degree of anemia.

Ethical approval.

This study was approved by the institutional ethics committee of Tokyo Women’s Medical University
(Approval No. 4952). Informed consent was obtained via an opt-out procedure. All procedures involving
human participants were in accordance with the ethical standards of the 1964 Helsinki Declaration and
its later amendments.

Statistical analysis.

Categorical variables were examined using the chi-squared and Cochran-Armitage tests. Continuous
variables were assessed using the two-tailed t-test or Mann–Whitney U test as appropriate. All statistical
analyses were performed using JMP software version 15 (SAS Institute Inc., Cary, NC, USA). A p-value < 
0.05 was considered to indicate statistical signi�cance.

Results
Incidence of DVT.

The overall incidence of DVT was 34.6% (54/156 knees; Table 2). DVT was detected in 31.6% of knees in
group 1 and in 37.6% of those in group 2, with no statistically signi�cant difference between the groups
(p = 0.50).

Table 2. Incidence of deep vein thrombosis in the two study groups

  Group 1 Group 2 P-value

DVT (knees), n (%) 24 (31.6) 29 (37.6) 0.50

Data are shown as the median (percentage). Group 1, patients who received pharmacologic prophylaxis.
Group 2, patients who did not receive pharmacologic prophylaxis.

Distribution and characteristics of DVT.

DVT was soleal vein thrombus in 74.6% of cases and non-�oating thrombus in 98.7% (Figure 2a, b). In
group 2, there was one case (1.3%) of �oating thrombus located in the popliteal vein that disappeared
after 2 weeks with postoperative anticoagulation. The details of the postoperative DVTs are shown in
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Table 3. All cases of thrombus in the contralateral unaffected leg were found in the soleal vein, with no
signi�cant between-group difference in distribution (Table 3).

Table 3 Comparison of the distribution of DVT in the veins of the lower extremities in the two study
groups

  Location Group 1, n Group 2, n

Proximal CFV 0 0

  FV 2 0

  DFV 0 0

  PV 0 1

Distal PTV 2 4

  PeV 3 5 (2)

  ATV 0 0

  SoV 22 (5) 26 (6)

  GV 0 1

Group 1, patients who received pharmacologic prophylaxis. Group 2, patients who did not receive
pharmacologic prophylaxis. ATV, anterior tibial vein; CFV, common femoral vein; DFV, deep femoral vein;
DVT, deep vein thrombosis; FV, femoral vein; GV, gastrocnemius vein; PeV, peroneal vein; PV, popliteal vein;
PTV, posterior tibial vein; SoV, soleal vein ( ), thrombus in the contralateral knee.

There were no obvious between-group differences in thrombus characteristics when evaluated by
compressibility (�rm or soft), echogenicity (hyperechoic, isoechoic, or hypoechoic), mean vein diameter,
and whether the thrombus was attached to the vein wall or free-�oating (Table 4).

Table 4 Characteristics of the two groups on duplex ultrasonography

Variable Group 1 Group 2 P value

Compressibility (�rm/soft) 21/13 36/9 0.07*

Echogenicity
(hyperechoic/isoechoic/hypoechoic)

1/14/19 2/17/26 0.91**

Mean vein diameter (mm) 5.6 ± 1.7 5.4 ± 1.5 0.49***

Attachment of thrombus to vein wall Attached, 34; free-
�oating, 0

Attached, 44; free-
�oating, 1

1.00*
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Data are shown as the number or as the mean ± standard deviation. Group 1, patients who received
pharmacologic prophylaxis. Group 2, patients who did not receive pharmacologic prophylaxis. *Chi-
squared test; **Cochran-Armitage test; ***Mann–Whitney U test

Complications of pharmacological prophylaxis.

Pharmacologic prophylaxis with enoxaparin was discontinued in 5 knees (6.4%) in group 1 because of
worsening swelling and prolonged bleeding. One further knee (1.2%) in group 1 required additional
suturing using skin staplers. During the perioperative period, the hemoglobin level decreased by 3.1 ± 1.1
g/dL in group 1 and by 3.0. ± 1.0 g/dL in group 2 (p = 0.80; Table 5). In group 1, there was one case of
pulmonary thromboembolism in a patient who also had a distal DVT. Intervention by cardiologists
avoided a fatal outcome and the patient was able to be discharged home.

Table 5 Decrease in hemoglobin level during the perioperative period

  Group 1 Group 2 P-value

Decrease in hemoglobin level, g/dL, 3.1 ± 1.1 3.0 ± 1.0 0.80

Group 1, patients who received pharmacologic prophylaxis. Group 2, patients who did not receive
pharmacologic prophylaxis.

Results of statistical effects.

A post hoc analysis of the correlation between the two groups was performed using G*Power (Universität
Kiel, Kiel, Germany). The statistical power was 0.87 with an effect size of 0.5, an alpha value of 0.05, and
a sample size of 79 (group 1) and 77 (group 2).

Discussion
At our institution, enoxaparin was routinely used as pharmacologic prophylaxis for DVT following TKA
until October 2019 until a preliminary survey unexpectedly showed the incidence of DVT to be
approximately 30% in these patients. After pharmacologic prophylaxis was stopped, this retrospective
observational study was performed to obtain information on the incidence and characteristics of DVT in
patients who undergo TKA without pharmacologic prophylaxis. Our hypothesis was that there would be
no difference in the incidence, location, or characteristics of DVT following TKA between those with and
without pharmacologic prophylaxis. Our �ndings were as follows: (1) the incidence of VTE in patients
who underwent primary TKA without pharmacologic prophylaxis was 37%, which was not signi�cantly
different from the 31% incidence of VTE in patients who received concomitant pharmacologic
prophylaxis; (2) most of the DVTs occurred in the soleal vein, with no signi�cant in distribution between
the two groups; and (3) a total of 6 knees (7.6%) had complications, most of which involved interruption
of pharmacologic prophylaxis due to swelling and prolonged bleeding.
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In 2008, a randomized double-blind study with 396 Japanese patients undergoing primary TKA compared
the incidence of VTE in those administered enoxaparin 40 mg/day with that in those administered a
placebo16. It found that the incidence of VTE was 29.8% in the enoxaparin group and 60.8% in the
placebo group. Even taking into account the possibility of differences in patient background factors,
various additional factors may have contributed to the decline in the incidence of VTE, including
development of surgical techniques for TKA, changes in anesthesia methods, including ultrasound
guidance in regional anesthesia22, increased use of a multimodal analgesic pathway for TKA23, and
changes in rehabilitation programs, including early ambulation and more widespread education of
medical staff and patients about VTE1. In our study, which was performed in an era of modern surgical
and anesthesia techniques and postoperative management, the incidence of DVT without pharmacologic
prophylaxis was 37%. This �gure is comparable with that in a report on patients receiving TKA without
pharmacologic prophylaxis in 201614.

To the best of our knowledge, there have been no published comparisons of the location or quality of
thrombus in patients undergoing current TKA with or without pharmacologic prophylaxis. It was widely
known that DVT develops in the soleal vein because of stasis of blood �ow1,24. Abe et al. investigated
DVT after TKA using ultrasonography and found that all cases of DVT occurred in the soleal vein1.
However, the results of our present study indicate that postoperative DVT is prone to occurring in the
posterior tibial vein and peroneal vein as well as in the soleal vein. Therefore, DVT investigations should
include not only the soleal vein but also other distal veins.

The ultrasound characteristics of DVT have been reported in the past18. A study described acute clots as
�rm or slightly deformed by compression, hypoechoic or isoechoic in echogenicity, present in a vein with
an enlarged diameter, and attached to the vein wall25. However, in many cases, the �ndings overlap,
making assessment of fresh thrombus di�cult. Although there was no obvious difference in echogenic
�ndings between the two groups in this study, further studies on the impact of pharmacologic
prophylaxis on thrombus quality are warranted.

This study had several limitations. First, it had a retrospective design, which means that there was a
possibility of patient selection bias. Although there was no signi�cant difference in background factors
between the two study groups, we cannot rule out the possibility that the incidence of VTE may have been
affected by underlying diseases, including cancer26. However, this shortcoming may be offset to some
extent by the inclusion of a control group consisting of patients who underwent TKA performed by the
same surgeons at the same institution. Second, the sample size small. Nevertheless, the statistical power
was relatively high. Third, only enoxaparin was used for pharmacologic prophylaxis. In recent years, the
trend for prophylactic anticoagulation has been toward oral anticoagulants such as apixaban,
rivaroxaban, dabigatran and edoxaban5. However, enoxaparin is still widely used as a prophylactic
anticoagulant, and its non-inferiority when used as a control has been con�rmed in many randomized
controlled trials. Fourth, DVTs that occurred after postoperative day 7 might have been missed. In the
multinational Global Orthopaedic Registry study, which included 8326 patients, the mean time to VTE
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after TKA was 9.7 ± 14.1 days27. Meanwhile, Yamaguchi et al.28 found that symptomatic DVT peaked 4
days after TKA surgery. In another study by Song et al.29, assessments for VTE after TKA were performed
on postoperative days 3–7. Therefore, examination on postoperative day 7 can be considered
appropriate. Fifth, DVT was detected by duplex ultrasonography. Unlike venography, duplex
ultrasonography is minimally invasive and is considered the gold standard to date24,26. Contrast-
enhanced CT has been reported14, but it is di�cult to use when patients have impaired renal function or
when evaluating the area around the knee due to halation from the arti�cial joint. Finally, ethnic and
cultural differences may have affected the results. All patients in this study were Asian, so care should be
taken when extrapolating the results to other populations and institutions.

Conclusion
This study retrospectively investigated the incidence of perioperative VTE, the distribution and
characteristics of DVT, and complications of pharmacological prophylaxis in patients undergoing current
TKA. The overall incidence of VTE was 34.6%. DVT was detected in 31.6% of knees in patients who
received pharmacological prophylaxis and in 37.6% of knees in patients who did not. However, the
difference was not statistically signi�cant. Most of the DVTs occurred in the soleal vein regardless of
whether or not pharmacological prophylaxis was provided. There were no signi�cant differences in
properties such as thrombus compressibility and echogenicity between the study groups, but further
studies are warranted. Complications of pharmacological prophylaxis were comparable with those
reported previously, suggesting that it is important to consider the risk in each individual case.
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Figures

Figure 1

Flowchart showing the retrospectively identi�ed cohort of patients who underwent primary TKA at our
institution and the reasons for exclusion. A total of 50 knees in patients who received anticoagulants
and/or antiplatelet agents or who had a history of VTE were excluded, as were 10 knees in patients with a
history of VTE or bleeding risk. TKA, total knee arthroplasty; VTE, venous thromboembolism



Page 13/13

Figure 2

Distribution of DVT in leg veins. a Patients who received pharmacologic prophylaxis (group 1). b Patients
who did not receive pharmacologic prophylaxis (group 2). In group 1, in addition to distal DVT, there were
2 knees with non-�oating proximal thrombi in the femoral vein. In group 2, only distal thrombi were
observed. ATV, anterior tibial vein; CFV, common femoral vein; DFV, deep femoral vein; DVT, deep vein
thrombosis; FV, femoral vein; GSV, great saphenous vein; GV, gastrocnemius vein; PeV, peroneal vein; PTV,
posterior tibial vein; PV, popliteal vein; SoV, soleal vein; SSV, small saphenous vein.


