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a b s t r a c t

Background: The optimal length of aspirin prophylaxis to minimize venous thromboembolism (VTE)
following total knee arthroplasty (TKA) remains unknown. This study aimed to determine the timing of
VTE after TKA in patients who received low and high dose aspirin, and determine if 30 days of pro-
phylaxis remains adequate.
Methods: We retrospectively reviewed records of 9208 patients undergoing primary TKA between 2010
and 2020 who received either low (81 mg twice daily, n ¼ 4413) or high (325 mg twice daily, n ¼ 4795)
dose aspirin for VTE prophylaxis. Symptomatic VTEs occurring within 90 days of surgery were identified
frommedical records and phone call logs. Major bleeding events (MBE) within the first 30 days were also
documented. Time to event was recorded.
Results: Overall, 88 patients (1.0%) developed symptomatic VTE, with no significant differences in inci-
dence between the low (n ¼ 40, 0.9%) and high (n ¼ 48, 1.0%) dose groups (P ¼ .669). The median time to
VTE was 8 days (interquartile range [IQR] 2-15.5), median time to deep vein thrombosis was 12 days (IQR
5-18), and median time to pulmonary embolismwas 5 days (IQR 1.5-15). There was a similar distribution
in time to VTE in both the low and high dose groups. Aside from a single DVT occurring at day 44, all VTE
occurred within 30 days of surgery. During the prophylactic time period, 41 patients (0.4%) developed
MBE, which tended to occur more frequently (0.6% vs 0.3%, P ¼ .018) and earlier in the high dose group.
Conclusion: Based on the findings, a 30-day low or high dose aspirin regimen remains optimal for
prevention of VTE without increasing MBE in TKA patients.

© 2021 Elsevier Inc. All rights reserved.
Total knee arthroplasty (TKA) is a relatively safe and effective
treatment for patients suffering from osteoarthritis. As projections
for the number of TKAs done per year continue to increase, the
importance of optimizing this procedure and limiting complica-
tions is paramount [1]. Deep vein thrombosis (DVT) and pulmonary
embolism (PE) are well-described complications that can occur
following TKA [2].
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The orthopedic community’s attitude and approach toward
venous thromboembolism (VTE) prophylaxis has evolved in recent
years that culminates from emerging data supporting the use of
aspirin as the primary prophylaxis after total joint arthroplasty
(TJA) [3e5]. With its more favorable risk profile in respect to
bleeding, aspirin has been shown to also decrease the risk for
postoperative wound drainage, periprosthetic joint infection, and
even mortality [6e9]. The optimal prophylactic aspirin dose re-
mains debatable with 81 mg (low dose) and 325 mg (high dose)
twice daily being the most commonly used [10,11].

With the trend moving away from more aggressive anti-
coagulation for numerous reasons, not only the dose but also the
length of aspirin prophylaxis becomes critical. A prior study from
this institution assessed the time to VTE following TJA and observed
that majority of VTEs occurred in the first few days following sur-
gery utilizing warfarin for prophylaxis [12]. With the switch from
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Fig. 1. Diagram showing the number of cases performed at our institution per year in which aspirin was used for VTE prophylaxis (columns) and the percent of aspirin dose used per
year (lines). VTE, venous thromboembolism.
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warfarin to aspirin as the leading form of chemoprophylaxis, the
aim of this study is to determine the timing of VTE after TKA in
patients who received low and high dose aspirin, and determine if
30 days of prophylaxis remains adequate.

Materials and Methods

Following approval from the Institutional Review Board, a
retrospective, single-institution study was conducted on all
consecutive patients who underwent primary TKA between
January 2010 and August 2020. Patient characteristics, such as age,
gender, body mass index, Elixhauser Comorbidity Index (ECI),
American Society of Anesthesiologists score, method of anesthesia
(general or spinal), use of tranexamic acid and tourniquet, as well as
length of hospitalization were identified from institutional records.

Venous Thromboembolism Prophylaxis

Starting in 2010, our institution gradually adopted aspirin as the
main method for VTE prophylaxis. Initially, high dose aspirin (325
mg twice daily) was the preferred dose. However, low dose (81 mg
twice daily) progressively gained popularity (Fig. 1). VTE prophy-
laxis with either dose was continued for 1 month postoperatively.
Additional relevant change in practice during the course of the
Table 1
Patient Demographics and Characteristics Stratified Based on Aspirin Dose Used for Prop

Variable Overall (n ¼ 9208) Aspirin 81 mg

Gender, female 5317 (57.7%) 2554 (57.9%)
Age (y) 65.5 (9.0) 65.5 (8.7)
Ethnicity, white 6715 (72.9%) 3213 (72.8%)
Body mass index 30.9 (5.1) 30.9 (5.1)
ASA score �3 2590 (28.1%) 1233 (27.9%)
ECI 1.19 (1.2) 1.18 (1.2)
General anesthesia 859 (9.3%) 360 (8.2%)
Tourniquet use 7052 (76.6%) 3351 (76.0%)
Tranexamic acid 5553 (60.3%) 2848 (64.5%)
LOS 2.1 (1.6) 1.8 (1.6)

Data are presented as number (percent) or mean (standard deviation).
ECI, Elixhauser Comorbidity Index; ASA, American Society of Anesthesiologists; LOS, len
study included transition to routine use of intravenous tranexamic
acid during surgery and tendency toward more spinal anesthesia.
Mechanical prophylaxis by intermittent pneumatic compression
was used in all cases and applied at the end of surgery and
throughout the entire hospitalization period.
Outcomes Assessed

Symptomatic VTEs occurring within 90 days of TKA were
identified from patient medical records. This included a thorough
review of institutional administrative and radiological databases, as
well as clinical records of patient-provider communications and
encounters. Patients who developed symptomatic VTE were iden-
tified from this search. DVT events were diagnosed by ultrasound
and PE events were diagnosed by a computerized tomography scan.
Timing of VTE was determined based on either the date of diag-
nostic imaging or patient-provider phone calls confirming the
diagnosis.

Major bleeding events (MBE) were defined by the 2010 criteria
for major bleeding in surgical patients presented by the Scientific
and Standardization Committee of the International Society on
Thrombosis and Haemostasis [13]. MBE occurring within the time
period in which VTE prophylaxis was given (30 days after surgery)
were identified from patient medical records, and through
hylaxis.

(n ¼ 4413) Aspirin 325 mg (n ¼ 4795) P-Value

2763 (57.6%) .816
65.4 (9.3) .583
3502 (73.0%) .814
30.9 (5.1) .298
1357 (28.3%) .143
1.19 (1.2) .592
499 (10.4%) <.001

3701 (77.2%) .160
2705 (56.4%) <.001
2.4 (1.5) <.001

gth of stay.



Table 2
Rates of VTE and MBE Stratified Based on Aspirin Dose Used for Prophylaxis.

Variable Overall (n ¼ 9208) Aspirin 81 mg (n ¼ 4413) Aspirin 325 mg (n ¼ 4795) P-Value

VTE 88 (1.0%) 40 (0.9%) 48 (1.0%) .669
PE 47 (0.5%) 22 (0.5%) 25 (0.5%) .885
In-hospital 20 (0.2%) 12 (0.3%) 8 (0.2%) .371
After discharge 27 (0.3%) 10 (0.2%) 17 (0.4%) .335

DVT 50 (0.5%) 24 (0.5%) 26 (0.5%) 1.000
In-hospital 19 (0.2%) 11 (0.2%) 8 (0.2%) .492
After discharge 31 (0.5%) 13 (0.3%) 18 (0.4%) .590

MBE 41 (0.4%) 12 (0.3%) 29 (0.6%) .018

VTE, venous thromboembolism event; DVT, deep vein thrombosis; PE, pulmonary embolism; MBE, major bleeding event.
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comprehensive queries utilizing keywords for MBEwere conducted
in clinical notes, physician dictations, and patient-provider phone
call logs.

Statistical Analysis

Normal distribution was assessed using the Shapiro-Wilk’s test.
t-Test was used to compare normal distribution means, while the
Mann-Whitney U-test was used on non-normal distributionmeans.
Fisher’s exact test was conducted on categorical variables. Data
were analyzed for the groups receiving low and high dose aspirin
separately. Survival and box plots were generated and data are
presented as median and interquartile range (IQR). The IQR is the
difference between the third and the first quartiles. A Cox regres-
sion analysis was also performed to investigate which variables
were associated with a shorter time to VTE or MBE. Statistical sig-
nificance was set to a P value �.05. All analyses were performed
using Statistical Package for the Social Sciences (SPSS) version 22
(IBM Corporation, Armonk, NY).

Results

Overall, 9208 patients undergoing TKA were included in the
study, 4413 (47.9%) of whichwere treatedwith lowdose aspirin and
4795 (52.0%) were treated with high dose aspirin. Low dose aspirin
was more commonly used in more recent years (Fig. 1) and these
patients were more likely to receive tranexamic acid (64.5% vs
56.4%, P < .001) and spinal anesthesia (91.8% vs 89.6%, P < .001) as
well as have a shorter mean length of stay (1.8 vs 2.4 days, P < .001)
compared to the high dose group. There were no significant dif-
ferences in age, gender, or comorbidities between the 2 groups
(Table 1).

There were overall 88 patients (1.0%) who developed symp-
tomatic VTE, with no significant differences in incidence between
the low (n¼ 40, 0.9%) and high (n¼ 48,1.0%) dose groups (P¼ .669).
A total of 50 (0.5%) DVT events and 47 (0.5%) PE events were
documented (9 DVT patients also had a PE); the distribution of DVT
and PE and their rates and place of occurrence (during hospital stay
Table 3
Time to VTE and MBE.

Variable Days to DVT (n ¼ 51) Days to PE

Mean 12.3 8.1
Standard error of mean 1.2 1.1
Median 12.0 5.0
Minimum 0.0 0.0
Maximum 44.0 26.0
Percentiles
25 5.0 1.5
50 12.0 5.0
75 18.0 15.0

VTE, venous thromboembolism event; DVT, deep vein thrombosis; PE, pulmonary embo
or after discharge) were also similar between the 2 groups with no
statistical significant differences seen (Table 2).

The median time to VTE was 8 days (IQR 2-15.5), median time to
DVT was 12 days (IQR 5-18), and median time to PE was 5 days (IQR
1.5-15) (Table 3). There was a similar distribution in the time to
event in both the low and high aspirin dose groups (Fig. 2). Aside
from a single DVT event occurring at day 44, all VTEs occurred
within 30 days of surgery; the earliest event occurred on the day of
surgery and the latest event on day 27 (Fig. 3). A Cox regression
analysis was performed taking into account gender, age, race, body
mass index, ECI, type of anesthesia, use of tranexamic acid, tour-
niquet and aspirin dose. Higher ECI score was the only variable
associated with shorter time to PE (adjusted odds ratio 1.3, 95%
confidence interval 1.1-1.5, P < .001).

A total of 41 (0.4%) MBE occurred within 30 days of surgery.
Majority were due to hematoma formation requiring surgical
intervention (21 patients), gastrointestinal bleeding occurred in 11
patients, extra-surgical site bleeding occurred in 7 patients, and
bleeding to internal organs other than gastrointestinal occurred in
2 patients. The median time to MBE was 3 days (IQR 0-16). The
earliest MBE occurred on the day of surgery and the latest on day
28. The high dose aspirin group had an increased risk for MBE
(0.6%) compared to the low dose group (0.3%) and this was signif-
icant on univariate analysis (P ¼ .018). MBE also tended to occur
earlier in the low dose group with the last documented event
occurring on day 19 compared to day 28 in the high dose group
(Fig. 4). A Cox regression analysis was performed taking into ac-
count the above-mentioned variables. None of the above variables
were significantly associated with shorter time to MBE.

Discussion

This study accomplished its main objective to determine the
time to symptomatic VTE following TKA and determine if 30 days of
chemoprophylaxis remains adequate considering the use of aspirin
for routine prophylaxis. Apart from a single outlier, all VTEs
occurred within 30 days following surgery. Although 68.5% of the
VTEs occurred within 15 days, they continued to appear regularly
(n ¼ 49) Days to VTE (n ¼ 89) Days to MBE (n ¼ 41)

10.0 7.5
0.9 1.5
8.0 3.0
0.0 0.0

44.0 28.0

2.0 0.0
8.0 3.0

15.5 16.0

lism; MBE, major bleeding event.



Fig. 3. Box plots representing days to VTE, DVT, and PE for patients receiving low (81 mg) a
each box represents the median. The outer lines represent minimum and maximum values.

Fig. 2. Survival plot demonstrating cumulative survival on the y-axis and time to VTE
on the x-axis.
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up to 27 days following surgery. Considering the magnitude of this
complication, as well as our findings of low rate of MBE after 3
weeks, our findings reinforce that 30 days is optimal for prophy-
laxis and should be adhered to.

In the absence of data or specific recommendations on the
proper length of VTE prophylaxis following TJA using aspirin,
multiple protocols have been proposed with some extending the
length of prophylaxis up to 6 weeks postoperatively [3,6,14]. The
recent American College of Chest Physicians guidelines recommend
that chemical prophylaxis should be continued for 10-14 days
(grade 1B), but also suggest extended prophylaxis for 30-35 days
with weak evidence (grade 2C). Based on these recommendations,
it may be assumed that aspirin prophylaxis for 2 weeks is sufficient.
However, these guidelines and current practice rely on data that are
not contemporary and derived from studies in which warfarin or
other aggressive anticoagulation prophylaxis were used [12,15].
Our finding that 31.5% of VTEs, translating to 0.3% of the operated
population, occurred between days 15 and 26 calls into question
these recommendations and their application to contemporary
prophylaxis. Considering the great safety and efficacy of aspirin, as
well as the data from this study showing that the rate of MBE after
day 15 on aspirin was 0.1%, we propose that aspirin should be
administered for 30 days following TKA.
nd high (325 mg) dose aspirin. Boxes represent the interquartile range; the line within
Stars represent extreme outliers. DVT, deep vein thrombosis; PE, pulmonary embolism.



Fig. 4. Box plots representing days to MBE for patients receiving low (81 mg) and high
(325 mg) dose aspirin. MBE, major bleeding event.
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Another aim of this study is to investigate whether the dose of
aspirin plays a role in the time to VTE event. There were slight
differences in operative factors (use of tranexamic acid, spinal
anesthesia) and length of stay between the 2 groups, resulting from
the fact that low dose aspirin was more commonly used during
recent years. Other demographic variables as well as comorbidities
were similar between the 2 groups making them comparable. Our
findings show that although VTE rates and time periods were
similar in both groups (except for a single outlier in the low dose
group that occurred on day 44), patients who were treated with
high dose aspirin were at higher risk for MBE which also tended to
occurred earlier. That being said, this lower rate of MBE in the low
dose group seen in the univariate analysis could have been
confounded by the increased use of tranexamic acid and spinal
anesthesia in these patients. This is supported by the fact that these
associations did not remain significant in Cox regression analysis.
Perhaps a higher event rate may have shed more information on
this important finding. Nonetheless, these findings support the
general safety of aspirin and perhaps even more so when given in
low dose. Future studies should investigate whether such an as-
sociation exists.

This study is not without limitations. First, the retrospective
nature of this study may have resulted in inaccuracy in data
collection and potentially missing patients with symptomatic VTE.
Although all efforts were made to utilize available databases and
clinical records, to ensure that 90-day follow-up was complete for
all patients, our reported VTE incidence suggests a good capture
rate. Second, although we tried to take into account various vari-
ables that may have an association with time to VTE and MBE,
unmeasured variables are always a concern. Finally, MBE was
assessed as a secondary outcome and while rates resemble those
described in previous literature, the event rate of these
complications is generally low and this study could have been
underpowered to compare between low and high dose groups.

VTE occurs continuously within the first 30 days after contem-
porary TKA when using either low or high dose aspirin as
monoprophylaxis for VTE and is extremely rare beyond that point.
Based on these findings, a 30-day low or high aspirin regimen re-
mains optimal for prevention of VTE without increasing MBE in
patients undergoing TKA.
References

[1] Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision
hip and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint
Surg Am 2007;89:780e5. https://doi.org/10.2106/JBJS.F.00222.

[2] Cote MP, Chen A, Jiang Y, Cheng V, Lieberman JR. Persistent pulmonary em-
bolism rates following total knee arthroplasty even with prophylactic anti-
coagulants. J Arthroplasty 2017;32:3833e9. https://doi.org/10.1016/
j.arth.2017.06.041.

[3] Anderson DR, Dunbar M, Murnaghan J, Kahn SR, Gross P, Forsythe M, et al.
Aspirin or rivaroxaban for VTE prophylaxis after hip or knee arthroplasty.
N Engl J Med 2018;378:699e707. https://doi.org/10.1056/NEJMoa1712746.

[4] Matharu GS, Kunutsor SK, Judge A, Blom AW, Whitehouse MR. Clinical
effectiveness and safety of aspirin for venous thromboembolism prophylaxis
after total hip and knee replacement: a systematic review and meta-analysis
of randomized clinical trials. JAMA Intern Med 2020;180:376e84. https://
doi.org/10.1001/jamainternmed.2019.6108.

[5] Prevention of VTE in orthopedic surgery patients: antithrombotic therapy and
prevention of thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines - PubMed n.d. https://pubmed.
ncbi.nlm.nih.gov/22315265/ [accessed 29.11.20].

[6] Ogonda L, Hill J, Doran E, Dennison J, Stevenson M, Beverland D. Aspirin for
thromboprophylaxis after primary lower limb arthroplasty: early thrombo-
embolic events and 90 day mortality in 11,459 patients. Bone Joint J 2016;98-
B:341e8. https://doi.org/10.1302/0301-620X.98B3.36511.

[7] Sharrock NE, Gonzalez DV, Go G, Lyman S, Salvati EA. Potent anticoagulants
are associated with a higher all-cause mortality rate after hip and knee
arthroplasty. Clin Orthop 2008;466:714e21. https://doi.org/10.1007/s11999-
007-0092-4.

[8] Drescher FS, Sirovich BE, Lee A, Morrison DH, Chiang WH, Larson RJ. Aspirin
versus anticoagulation for prevention of venous thromboembolism major
lower extremity orthopedic surgery: a systematic review and meta-analysis.
J Hosp Med 2014;9:579e85. https://doi.org/10.1002/jhm.2224.

[9] Radzak KN, Wages JJ, Hall KE, Nakasone CK. Rate of transfusions after total
knee arthroplasty in patients receiving lovenox or high-dose aspirin.
J Arthroplasty 2016;31:2447e51. https://doi.org/10.1016/j.arth.2015.10.023.

[10] Faour M, Piuzzi NS, Brigati DP, Klika AK, Mont MA, Barsoum WK, et al. Low-
dose aspirin is safe and effective for venous thromboembolism prophylaxis
following total knee arthroplasty. J Arthroplasty 2018;33:S131e5. https://
doi.org/10.1016/j.arth.2018.03.001.

[11] Azboy I, Groff H, Goswami K, Vahedian M, Parvizi J. Low-dose aspirin is
adequate for venous thromboembolism prevention following total joint
arthroplasty: a systematic review. J Arthroplasty 2020;35:886e92. https://
doi.org/10.1016/j.arth.2019.09.043.

[12] Parvizi J, Huang R, Raphael IJ, Maltenfort MG, Arnold WV, Rothman RH.
Timing of symptomatic pulmonary embolism with warfarin following
arthroplasty. J Arthroplasty 2015;30:1050e3. https://doi.org/10.1016/
j.arth.2015.01.004.

[13] Schulman S, Angerås U, Bergqvist D, Eriksson B, Lassen MR, Fisher W, et al.
Definition of major bleeding in clinical investigations of antihemostatic me-
dicinal products in surgical patients. J Thromb Haemost 2010;8:202e4.
https://doi.org/10.1111/j.1538-7836.2009.03678.x.

[14] Azboy I, Barrack R, Thomas AM, Haddad FS, Parvizi J. Aspirin and the pre-
vention of venous thromboembolism following total joint arthroplasty. Bone
Joint J 2017;99-B:1420e30. https://doi.org/10.1302/0301-620X.99B11.BJJ-
2017-0337.R2.

[15] White RH, Romano PS, Zhou H, Rodrigo J, Bargar W. Incidence and time
course of thromboembolic outcomes following total hip or knee arthro-
plasty. Arch Intern Med 1998;158:1525. https://doi.org/10.1001/
archinte.158.14.1525.

https://doi.org/10.2106/JBJS.F.00222
https://doi.org/10.1016/j.arth.2017.06.041
https://doi.org/10.1016/j.arth.2017.06.041
https://doi.org/10.1056/NEJMoa1712746
https://doi.org/10.1001/jamainternmed.2019.6108
https://doi.org/10.1001/jamainternmed.2019.6108
https://pubmed.ncbi.nlm.nih.gov/22315265/
https://pubmed.ncbi.nlm.nih.gov/22315265/
https://doi.org/10.1302/0301-620X.98B3.36511
https://doi.org/10.1007/s11999-007-0092-4
https://doi.org/10.1007/s11999-007-0092-4
https://doi.org/10.1002/jhm.2224
https://doi.org/10.1016/j.arth.2015.10.023
https://doi.org/10.1016/j.arth.2018.03.001
https://doi.org/10.1016/j.arth.2018.03.001
https://doi.org/10.1016/j.arth.2019.09.043
https://doi.org/10.1016/j.arth.2019.09.043
https://doi.org/10.1016/j.arth.2015.01.004
https://doi.org/10.1016/j.arth.2015.01.004
https://doi.org/10.1111/j.1538-7836.2009.03678.x
https://doi.org/10.1302/0301-620X.99B11.BJJ-2017-0337.R2
https://doi.org/10.1302/0301-620X.99B11.BJJ-2017-0337.R2
https://doi.org/10.1001/archinte.158.14.1525
https://doi.org/10.1001/archinte.158.14.1525

	Thirty Days of Aspirin for Venous Thromboembolism Prophylaxis Is Adequate Following Total Knee Arthroplasty, Regardless of  ...
	Materials and Methods
	Venous Thromboembolism Prophylaxis
	Outcomes Assessed
	Statistical Analysis

	Results
	Discussion
	References


