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a b s t r a c t

Background: Patients undergoing total joint arthroplasty (TJA) are at increased risk for venous throm-
boembolism (VTE). Prediction tools such as the Caprini Risk Assessment Model (RAM) have been
developed to identify patients at higher risk. However, studies have reported heterogeneous results
when assessing its efficacy for TJA. Patients treated in an urban health safety net hospital have increased
medical complexity, advanced degenerative joint disease, and severe disability prior to TJA increasing the
risk of VTE. We hypothesize that use of a tool designed to account for these conditionsdthe Boston
Medical Center (BMC) VTE scoredwill more accurately predict VTE in this patient population.
Methods: A retrospective case-control study was performed including subjects 18 years of age and older
who underwent primary or revision TJA in an urban academic health safety net hospital. Patients with
hemiarthroplasties, simultaneous bilateral TJA, and TJA after acute trauma were excluded. A total of 80
subjects were included: 40 who developed VTE after TJA (VTEþ) and 40 who did not develop VTE
(controls). Subjects were matched by age, gender, and surgical procedure.
Results: There was a statistically significant difference between the mean BMC VTE score for VTEþ and
controls (4.40 and 3.13, respectively, P ¼ .036). Conversely, there was no statistical difference between the
mean Caprini scores for VTEþ and controls (9.50 and 9.35, respectively, P ¼ .797).
Conclusions: In a health safety-net patient population, an institutional RAMdthe BMC VTE scoredwas
found to be more predictive of VTE than the modified Caprini RAM following TJA. The BMC-VTE score
should be externally validated to confirm its reliability in VTE prediction in similar patient populations.
Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

More than 1 million total hip arthroplasty (THA) and total knee
arthroplasty (TKA) are performed in the United States annually. By
2030, these numbers are expected to increase by 174% to 572,000
annually for THA and by 673% to 3.48 million for TKA [1,2].
Potentially life-threatening venous thromboembolism (VTE) is an
inherent risk of total joint arthroplasty (TJA) of the hip and knee
and occurs with an incidence of 1.4% after primary TKR and 0.6%
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American Association of Hip and K
after primary THA [3]. VTE mortality rates have been reported to be
0.2% and 0.1% for primary THA and primary TKA, respectively, and
are the most frequent cause for emergency readmissions despite
appropriate anticoagulation [3e11]. Fatal pulmonary embolism
after TKA has been reported to occur in 0.04% of patients and in
0.08% of THA patients [9,12]. Without appropriate chemoprophy-
laxis, the incidence of VTE has been reported at approximately 40%
to 60% following major orthopaedic surgeries TKA and THA. It has
therefore become standard of care to use prophylactic anti-
coagulation for all patients undergoing TJA of the hip or knee ac-
cording to national guidelines published by the American Academy
of Orthopedic Surgeons and the American College of Chest Physi-
cians [7,13]. However, these guidelines include a variety of recom-
mended anticoagulants ranging in potency from low-dose aspirin
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to more-potent anticoagulants including direct oral anticoagulants,
warfarin, and low-molecular-weight heparin. The risk of VTE must
be balanced with the risk of bleeding, the latter of which may also
increase morbidity andmortality as well as threaten the function of
the joint arthroplasty such as in the case of joint hematoma/
infected hematoma. There are clear risk factors for VTE including
hypercoagulable states (Factor V Leiden and proteins C and S
deficiency), active malignancy, family and personal history of VTE,
obesity, and so on. However, it remains unclear whether risk
stratification prior to TJA is necessary in order to select patients that
may require more-potent or higher doses of anticoagulation;
furthermore, if risk stratification is indeed indicated, what is the
optimal method of risk stratification remains controversial as well.

A number of validated risk calculators exist to stratify individual
patient risk and are critical in assisting clinicians when selecting a
prophylactic regiment [14e18]. The 9th edition of the American
College of Chest Physicians guidelines for VTE risk stratification
recommends using the 2005 Caprini risk assessment model (RAM);
however, risk quantification and prophylaxis recommendations for
this scoring systemwere intended for a general surgical population
and not orthopaedic patients [13]. The 2005 Caprini RAM assigned
all patients undergoing TJA a score of 5, categorizing them as “high
risk” by default. This risk calculator was updated in 2013 with new
guidelines that account for relevant risk factors associatedwith VTE
events in the current literature such as morbid obesity (defined as
body mass index >40), smoking, active malignancy, chemotherapy,
diabetes requiring insulin, blood transfusions, surgery length of >2
1 Point
Age 41-60

Minor surgery (less than 45 minutes) is planned

Past major surgery (more than 45 minutes) within the 
last month

Visible varicose veins

History of inflammatory bowel disease

Swollen legs (current)

Overweight or obese (BMI > 25)
Heart attack

Congestive heart failure
Serious infection (for example, pneumonia)

Lung disease (for example, emphysema or COPD)

On bed rest or restricted mobility, including a 
removable leg brace for <72 hrs
Other risk factors (1 point each)*

*Additional risk factors not tested in the validation 
studies but shown in the literature to be associated 

with thrombosis: BMI > 40, smoking, diabetes 
requiring insulin, chemotherapy, blood transfusion, 

operative time >2hrs
For Women ONLY – 1 point

Current use of birth control or hormone replacement 
therapy

Pregnant or had a baby within the last month
History of unexplained stillborn infant, recurrent 

spontaneous abortion (more than 3), premature birth 
with toxemia or growth restricted infant

Total Risk Facto
Caprini Score < 1
Caprini Score ≥ 10

Figure 1. Caprini risk assessmen
hours, and bilateral staged joint arthroplasty (Fig. 1) [19]. The 2013
Caprini RAM score has been validated for preoperative patients
with hip fractures and postoperatively for foot and ankle proced-
ures [20,21]; however, studies by Bateman et al [14] and Krauss et al
[22,23] have reported heterogeneous results when assessing its
efficacy for patients undergoing TJA.

Patients treated in an urban health safety net hospital have
increased risk of complication following TJA related to increased
medical complexity, severe disability, and advanced stages of
degenerative joint disease at the time of presentation for TJA, all of
which may increase risk of VTE in this patient population [24,25].

In the current study, we introduce a risk stratification tool e the
Boston Medical Center (BMC) VTE score e designed to account for
the potential increased risk in a health safety population of patients
undergoing TJA (Fig. 2). This study seeks to compare the efficacy
and accuracy of the BMC VTE score in predicting VTE compared to
the 2013 Caprini RAM score. We aim to understand whether the
Caprini RAM score, a risk calculator for a general surgery popula-
tion, is appropriate for a vulnerable patient population with many
adverse social determinants of health being treated at a health
safety net hospital. The significance of this study would be to more
accurately screen and identify patients from this unique groupwith
a high risk of VTE and increase patient safety outcomes by
decreasing the incidence of postoperative bleeding and VTE
following TJA. Our hypothesis was that the BMC score would more
accurately predict the risk of VTE in patients undergoing TJA at a
health safety net hospital.
2 Points
Age 61-74 years

Current or past malignancies (excluding skin 
cancer, but not melanoma)

Planned major surgery lasting longer than 45min

Non-removable plaster cast or mold that has kept 
you from moving your leg within the last month

Tube in blood vessel in neck or chest that delivers 
blood or medicine directly to heart within the last 

month (Central line, PICC line)

Confined to a bed for 72 hours or more

3 Points
Age 75 or over

History of blood clots (DVT or PE0
Family history of blood clots

Personal or family history of positive blood test 
indicating an increased risk of blood clotting

5 Points

Elective hip or knee joint replacement surgery

Broken hip, pelvis, or leg

Serious trauma

Spinal cord injury resulting in paralysis

Experienced a stroke

r Score = [ ]
0 – Low Risk
 – High Risk

t model (version 2013) [19].



5 Points Each 2 Points Each

Bilateral Total Hip/Total Knee Arthroplasty Total hip/knee arthroplasty

Staged Bilateral Hip/Knee Arthroplasty   (Within 14 
Days) Total hip/knee revision

Periacetabular Osteotomy High tibial osteotomy
Hip Fracture Femoral osteotomy

Girdlestone/Hip Resection Oral contraceptive/hormone 
replacement therapy

Knee Resection BMI > 35

History of Pulmonary Embolism To Be Completed by Attending 
Physician Postoperatively

History of DVT (phlebitis requiring Coumadin) Non-weight bearing (5pts)

Cancer within the past year/currently being treated Touch down weight bearing (2pts)

BMI > 40 Complex multi-ligament reconstruction 
(2 pts)

Aspirin allergy Complex hip/knee revision (5pts)

Total Risk Factor Score = [ ]

BMC VTE Score < 5 – Low Risk

BMC VTE Score ≥ 5 – High Risk

Figure 2. BMC VTE score calculation. BMC, Boston Medical Center; VTE, venous
thromboembolism.

Table 1
Demographic and surgical characteristics for VTEþ and no VTE cohorts. VTE þ cases
were matched to controls by age, gender, and operation performed.

Characteristic Number

Total arthroplastiesa 40
Total knee arthroplasty (TKA) 19 (47.5%)
Total hip arthroplasty (THA) 16 (40%)
Revision TKA 1 (2.5%)
Revision THA) 4 (10%)

Ageb 62.8 ± 9.2 (44-83)
Sexa

Male 14 (35%)
Female 26 (65%)

a These values are presented as the number of patients, with the percentage in
parentheses.

b These values are presented as the mean ± standard deviation (range).
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Material and methods

After obtaining approval from an institutional review board, a
single center, retrospective case-control study was performed in an
urban, academic tertiary care health safety net hospital. Inclusion
criteria were subjects 18 years of age and older undergoing primary
THA, primary TKA, revision THA, or revision TKA. Subjects with
hemiarthroplasties, simultaneous bilateral TJA, and TJA after acute
trauma were excluded. The study period was from November 1,
2014, to April 30, 2022. The patients were identified by creating a
report from the electronic medical record of all arthroplasty pa-
tients during this time period. A retrospective chart review was
performed to record additional patient demographics and periop-
erative information. Caprini RAM scores were calculated preoper-
atively in the preprocedure clinic by an MD (Doctor of Medicine) or
NP (Nurse Practitioner). The Caprini RAM scores were calculated
prospectively as was an institutional requirement in the electronic
medical record for all inpatients in this hospital. The BMC VTE
scores were calculated in the preoperative holding area by an MD,
NP, or PA (Physician Assistant). Neither scorewas used to determine
postoperative VTE regimen as this was done in accordance with the
standardized institutional prophylactic protocol at the time of
surgery (see below). Using 70% effect size, 95% confidence interval,
and a power calculation of 80%, 80 subjects were included: 40 who
developed VTE within 3 months after TJA (VTEþ) and 40 who did
not develop VTE (controls). Control cases were matched by age,
gender, and operation (Table 1). Cases were matched with controls
that underwent surgery in the same time frame to ensure the
standardized VTE prophylaxis was consistent.
VTE prophylaxis

During the course of the study time frame, the patients received
what was considered to be the standardized institutional VTE
prophylaxis protocol for TJA patients at the time. From 2014 to
2018, this was enoxaparin 40 mg daily for 2 weeks followed by
aspirin 325 mg PO BID for 4 weeks. From 2018 to 2021, this was
aspirin 325 mg BID for 4 weeks. From 2021 to 2022 this was aspirin
81 BID for 4 weeks. The patients on baseline anticoagulation for
other diagnoses resumed their usual anticoagulant postoperatively.
From 2019 to 2022, 3 patients were enrolled in the PEPPER trial
(NCT 02810704) and were randomized to 1 of 3 agents including
aspirin 81 mg, warfarin, or rivaroxaban 10 mg for 30 days as per
protocol. Neither the Caprini RAM or BMC VTE scores were used for
determination of anticoagulant regimen.

Statistical analysis

The primary objective was to compare the effectiveness of the
BMC score to predict VTE after TJA compared to the Caprini RAM. A
matched paired t-test and Wilcoxon rank sum test were used to
compare the differences in mean Caprini RAMs and mean BMC VTE
scores for VTEþ and controls, respectively. Differences in patient
demographics, comorbidities, and VTE risk scores were summa-
rized based on presence of VTE using univariate analysis. Crude
conditional logistic regression models were performed to deter-
mine whether the demographic, comorbidity and VTE predictor
score variables were associated with developing VTE (Table 1).
Confounding and interaction for BMC score was assessed by
adjusted logistic regression. Odds ratios (ORs) for developing VTE
were calculated for patients that were classified as Caprini RAM
high-risk (score �10) and BMC VTE score high-risk (score �5)
compared to those with low-risk scores. Receiver operating char-
acteristic (ROC) curves were generated for the BMC VTE score and
Caprini score (Appendix). All statistical analysis was performed
using SAS Studio.

Results

Descriptive data

Table 2 provides baseline demographic information based on
VTE status. There were no significant differences in patient de-
mographics between the VTEþ and control cohorts. Table 1 shows
the breakdown of age, gender, and operation for each matched
cohort. There was a statistically significant difference between
mean BMC VTE score for VTEþ and controls (4.40 and 3.13,
respectively, P ¼ .036). Conversely, there was no statistical differ-
ence between the mean Caprini scores for VTEþ and controls (9.50
and 9.35, respectively, P¼ .797) (Table 2). Comparing VTE to control
patients, there was a significant difference between patients clas-
sified as high and low risk for the BMC VTE score (P¼ .039) that was
not present with high- and low-risk Caprini scores (P ¼ .307)
(Table 3). The positive predictive value for the BMC VTE score was
72.2% and the negative predictive value was 56.5%. The positive
predictive value for the Caprini score was 51.2% and the negative



Table 2
Comparison of patient demographics between VTEþ and control cohorts.

þVTE (n ¼ 40) No VTE (n ¼ 40) P-value

Racea .613
White 15 20
African American 18 14
Other 7 6

Ethnicityb .754
Hispanic 36 34
Not Hispanic 4 6

ASA classb .523
ASA 1 or ASA 2 16 20
ASA 3 24 20

Tobacco usea .236
Never 26 19
Quit 9 12
Active 5 9

Active cancerb -
Yes 4 0
No 36 40

Family history of VTEb -
Yes 0 5
No 40 35

Personal VTE historyb .219
Yes 5 1
No 35 39

Average time to VTE (d) 26 n/a n/a
Average length of stay (d)c 5.9 3.0 <.001
Average TXA doses givenc 1.8 1.7 .444
Patients on prior

anticoagulationb,d
8 2 .109

BMIe 32.76 31.92 .489
Caprini Scoreb .307
Low risk (<10) 20 21
High risk (�10) 20 19

BMC scoreb .039
Low risk (<5) 27 35
High risk (�5) 13 5

Comparison done via crude conditional logistic regression.
Bold indicates significant P-values with values <.05.
ASA, American Society of Anesthesiologists; BMC, Boston Medical Center; BMI, body
mass index; VTE, venous thromboembolism.

a Comparison done via chi-squared test.
b Comparison done via McNemar’s test.
c Comparison done via Wilcoxon Rank Sum test.
d Reasons for preoperative anticoagulation included prior VTE, atrial fibrillation,

and aortic stenosis.
e Comparison done via paired t-test.

B. Gibbs et al. / Arthroplasty Today 23 (2023) 1011944
predictive value was 51.2%. ORs for increased risk of VTE given BMC
VTE score �5 or Caprini RAM �10 were found to be insignificant
(Table 4). Generated ROC curves demonstrate that the BMC score
had a poor predictability, with an area under the ROC curve of 0.61
compared to 0.52 for the Caprini RAM, which was not statistically
significant (Appendix).
Discussion

VTE remains a potentially severe complication following total
joint arthroplasty, with an estimated incidence between 0.6% and
1.5% [26]. Mortality rates for patients who develop VTE after
Table 3
Comparison of mean Caprini and BMC scores.

þ VTE No VTE P value

Caprini Scorea 9.50 ± 2.18 9.35 ± 2.24 .797
BMC Scoreb 4.40 ± 3.24 3.13 ± 1.86 .036

Bold indicates significant P-values with values <.05.
BMC, Boston Medical Center.

a Matched t-test.
b Wilcoxon rank sum test.
primary TKA and THA are reported to be 0.1% and 0.2%, respectively
[3]. Mortality from VTE after revision procedures is slightly higher
at 0.5% and 0.7%, respectively [27]. Careful consideration of each
individual patients’ risk of VTE should be taken in order to prescribe
appropriate chemoprophylaxis, while balancing the risk of post-
operative bleeding. Given the heterogeneous reports of the Caprini
score in predicting VTE after TJA, there remains a need for risk
calculators to stratify VTE risk more accurately for those undergo-
ing TJA of the hip and knee. The demographics at an urban, safety
net hospital are different than the population as a whole, with
patients often having increased medical comorbidities and a higher
risk for VTE after surgery [28,29]. We believe our institution-
specific risk assessment tool, the BMC VTE score, to be better at
delineating between those high- and low-risk patients.

The results of our study reflect findings similar to those by
Bateman et al [14] whereby the Caprini score did not provide
clinically useful risk stratification for TJA patients. Our findings
were from a single institution, as were previous studies, suggesting
that patient demographics may play a role in risk calculator effi-
cacy. We matched patients by age, gender, and procedure in an
effort to reduce potential confounding variables and found that the
2 cohorts were comparable regarding demographics. In response to
the critiques by Bateman et al [14], Krauss et al [14] noted de-
ficiencies in how their preoperative scores were reported and how
bilateral cases were calculated. We excluded bilateral surgeries
from our study and Caprini scores were routinely calculated by
anesthesiologists during the preoperative evaluation. Bateman et al
[14] argued that in the older version of the Caprini score, all TJA
patients were given a score of 5, automatically classifying them as
“high risk.” Krauss et al [19] modified their classification system in
response, saying that a Caprini RAM score of 10 or higher classified
patients as “very high risk.” In our study, we grouped Caprini RAM
scores into low-risk (<10) and high-risk (�10), consistent with
recommendations from Krauss et al [14], and still found no signif-
icant difference when predicting VTE event.

Parvizi et al [30] introduced the VTEstimator as another tool,
available as an iOS application, to help stratify patients into VTE risk
categories. This identified a series of significant VTE risk factors
including hypercoagulable disorders, chronic obstructive pulmo-
nary disease, malignancy, stroke, and sepsis. Bateman et al report
no significant difference in distribution of VTE estimator scores for
patients with and without VTE. The VTEstimator, a proprietary tool,
was not used at our institution due to limited resources, and thus
could not be assessed in this study [30]. However, malignancy,
personal history, and family history of VTE events were incorpo-
rated into the BMC VTE score to automatically classify patients with
these diagnoses as high risk.

The BMC VTE score was created for implementation at a health
safety net hospital. It has been shown that health safety net hos-
pitals have a patient populationwith a relatively high percentage of
comorbidities compared to other hospitals [28,29]. Due to the na-
ture of the patient population, a higher proportion of these patients
will meet “very-high-risk” criteria when using more standardized
risk assessment models such as the Caprini score. Not all of these
patients necessarily require more potent chemoprophylaxis after
TJA, and this could potentially increase the risk of postoperative
bleeding complications in such patients. The BMC VTE score takes
into account the unique demographics of our hospital and in doing
so was found to be a more reliable predictor of VTE.

A notable discrepancy between the BMC VTE score and the
Caprini score is the increased risk when a patient has a history of
past VTE or a family history of VTE. Zoller et al [31] demonstrated
the importance of this relationship, and it’s accounted for in the
BMC VTE score by automatically classifying a patient as high risk (5
points). The Caprini score assigns a value of 3 points to a patient



Table 4
Odds ratios for VTE predictor variables.

Variable Categories þVTE (n ¼ 40) No VTE (n ¼ 40) OR (95% CI) P value

Caprini Low risk (<10) 20 21 1.11 (0.45, 2.73) .82
High risk (�10) 20 19

BMC VTE Low risk (<5) 27 35 3.0 (0.97, 9.3) .057
High risk (�5) 13 5

ASA class ASA 1 or ASA 2 16 20 1.8 (0.6, 5.4) .29
ASA 3 24 20

Tobacco use Never 26 20 ~ .32
Quit 9 11
Active 5 9

Active cancer Yes 4 0 ~ ~
No 36 40

Family history of VTE Yes 0 5 ~ ~
No 40 35

BMI ~ 32.8 (±5.52) 31.9 (±5.05) 1.03 (0.95, 1.12) .47
Personal VTE History Yes 5 1 5.0 (0.58, 42.8) .14

No 35 39
Patients prior anticoagulation Yes 8 2 7.0 (0.86, 56.9) .069

No 32 38

Comparison done via crude conditional logistic regression.
ASA, American Society of Anesthesiologists; BMC, Boston Medical Center; BMI, body mass index; CI, confidence interval; OR, odds ratio; VTE, venous thromboembolism.
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with personal or family history of VTE, which after combining with
elective TJA only yields a score of 8 (low risk) [19].

By using matched cohorts, we were able to produce similar
demographics between the VTE and control groups, further
isolating the significant effect that the BMC score had on predicting
VTE. In addition to mean BMC VTE scores being significantly
different for VTE patients and control patients, ROC curves gener-
ated for both the BMC VTE and Caprini scores demonstrated that
the BMC VTE appears to be a better predictor for our patient pop-
ulation. We acknowledge the area under the curve in this study
suggests that the BMC VTE score is a poor predictor of VTE, how-
ever, when compared to the ROC curve generated for the Caprini
score we found it to be superior. In Table 4, we see the increased OR
for patients whose BMC VTE score classify them as high risk (OR ¼
3.0). Although statistically insignificant, compared to the OR for the
Caprini score of 1.11, we see that the BMC VTE score trends toward
being a better predictor.

One limitation of this study is the retrospective nature and
small sample size. Although VTE events are clinically important
events, they fortunately occur infrequently (<1% incidence) after
TJA and therefore within the 9-year span of the study only 40 VTE
events were identified which were then matched to 40 controls
[3e5, 8e11]. Consequently, the results did not reach statistical
significance for OR calculations, nor did they generate an ROC
curve capable of giving a reliable cutoff score. A second limitation
is that the standard deviation for the BMC VTE score is large,
therefore a large percentage of VTE patients have similar scores to
control patients. This could be improved by further increasing our
sample size to narrow the standard deviation. Another significant
limitation of this study is the heterogenous anticoagulant pro-
tocols used throughout the course of the study that reflected the
institutional protocol in use at the time of surgery. Neither
Caprini-RAM nor the BMC VTE score were used for anticoagulant
selection at the time of surgery, rather this was dictated by hos-
pital protocol and in the instance of the 3 patients in the PEPPER
trial, the randomization of anticoagulants included in the trial.
Furthermore, there was no difference in prophylactic regimen for
controls and VTE events. Therefore, while anticoagulant selection
certainly may have influenced incidence of VTE, the choice of
anticoagulant was independent of both scoring systems and was
not biased by the risk calculator tools that were being evaluated in
the study.
The study was performed in an urban, tertiary care health safety
net hospital where medical and surgical complexity is high and
thus these findings may not be applicable to other patient
populations.
Conclusions

In an urban, tertiary care health safety net hospital, the insti-
tutional BMC VTE score was found to be more strongly correlated
with VTE after primary and revision TJA of the hip and knee when
compared to the Caprini RAM. Our patient population represents a
highly ethnically diverse population with complex comorbid con-
ditions and social disparities. Our findings suggest that such
medically and socially complex patients may require alternate VTE
predictive tools than the ones typically used. The BMC VTE score
will require further validation in a larger sample size such as that
achievable in a multicentered study. We recommend future studies
to include other health safety net hospitals in the United States in a
prospective, multicenter design to determine whether our findings
are applicable to other similar institutions.
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Appendix Figure 1. (a) ROC curve for Caprini-RAM. AUC ¼ 0.52. (b) ROC curve for BMC
VTE Score. AUC ¼ 0.61.

Appendix Table 1
Postoperative chemoprophylaxis regimens for VTEþ and control patients.

Postoperative prophylactic regimens

VTEþ Control Total

ASA 81 BID 2 4 6
ASA 325 BID 3 20 23
Apixaban 2.5 mg BID 1 0 1
Enoxaparin 40mg daily 3 3 6
Enoxaparin in hospital, transition to

ASA 325 BID after d/c
20 10 30

Enoxaparin and ASA 325 simultaneously 1 0 1
Heparin (patient's home dose) 1 1 2
Warfarin (patient's home dose) 8 2 10
Rivaroxaban 10 mg daily 1 0 1
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