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Abstract

Background Although the use of thromboprophylaxis is well Questions/purposes Using data from a large national
established, there is no consensus on the preferred thrombo- registry, we asked: (1) Is there any difference between
prophylaxis regimen after THA; large, population-based low-molecular weight heparin (LMWH) and new oral
studies offer an opportunity to examine this problem in a ro- anticoagulants in preventing symptomatic deep vein
bust way that can complement results from randomized trials. thrombosis (DVT) and pulmonary embolism (PE), after
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THA? (2) Are there any differences in safety parameters,
such as bleeding, reoperations and mortality, between
LMWH and new oral anticoagulants?

Methods Between 2008 and 2012, 78,066 THAs were
performed in Sweden. This study evaluated 32,663 (42%)
of them, selected through the merger of several national
registries. These patients underwent unilateral THA due to
primary osteoarthritis. They had not experienced any ve-
nous thromboembolic events 5 years before the index op-
eration and were not prescribed potent antithrombotic
agents, of any type, in the 6 months before the index op-
eration. Additionally, their postoperative thromboprophy-
laxis was confirmed in a national registry by purchase of
prescribed medications. We divided the cohort into two
groups: those patients who received new oral anti-
coagulants (5752, 18%) and those who received LMWH
(26,881, 82%) as postoperative thromboprophylaxis. Our
primary endpoints were the frequencies of symptomatic
DVT and symptomatic PE within 3 months of surgery. Our
secondary comparison was a between-group comparison of
bleeding (by way of diagnostic coding), reoperation, and
mortality within 3 months of surgery. Odds ratios (OR) are
presented with 95% confidence intervals (CIs) as pooled
results for the two groups after adjustment for duration of
thromboprophylaxis (short or extended for at least
28 days), year of the index operation, Elixhauser comor-
bidity index, sex, age and previous treatment with platelet
aggregation inhibitors.

Results The risk of symptomatic DVT was lower in the
group that received new oral anticoagulants than the group
that received LMWH (0.3% versus 0.6%, OR, 0.47; 95% CI,
0.27-0.76; p = 0.026). The risk of symptomatic PE was
lower in the group that received new oral anticoagulants than
the group that received LMWH (0.1% versus 0.4%, OR,
0.36; 95% CI, 0.16-0.69; p = 0.005). There was no differ-
ence in the risk of bleeding (by way of diagnostic coding)
(OR, 1.03; 95% CI, 0.82—1.28; p = 0.688), reoperation (OR,
1.02; 95% CI, 0.71-1.44; p = 0.860) or mortality (OR, 0.83;
95% CI, 0.31-1.88; p = 0.883) between groups.
Conclusions New oral anticoagulants were associated
with a lower risk of symptomatic DVT and symptomatic
PE in this large, registry study, and we observed no dif-
ferences in the risk of bleeding, reoperation, or death be-
tween the groups. Although we were able to control for a
number of potential confounding variables, we cannot as-
certain the indications that drove the prescription decisions
in this setting, and there were important between-group
differences in terms of duration of thromboprophylaxis
(new oral anticoagulants generally were used for a longer
period of time after surgery). Future studies, preferably
large randomized trials with pragmatic inclusion criteria, to
analyze symptomatic DVT, symptomatic PE and death are
needed to confirm or refute our findings.

Level of Evidence Level 111, therapeutic study.
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Introduction

THA is a common orthopaedic operation that carries a
well-documented risk of venous thromboembolism, one of
the most frequent medical complications [20]. Current
studies report an incidence of symptomatic venous throm-
boembolism, including deep venous thrombosis (DVT) and
pulmonary embolism (PE), within 90 days postoperative of
between 0.7% to 1.7% in patients with postoperative throm-
boprophylaxis [20, 22, 27]. The use of thromboprophylaxis
is established and recommended by guidelines worldwide
[6, 17], but there is no consensus regarding the length of
treatment and the preferred therapeutic agent.

The most commonly used thromboprophylactic medi-
cations after THA include aspirin, warfarin, fondaparinux,
low-molecular weight heparins (LMWH), and new oral
anticoagulants. The introduction of new oral anticoagulants
represents the most recent development in thromboprophy-
laxis, further complicating the debate surrounding the drug of
choice. New oral anticoagulants have demonstrated efficacy
as thromboprophylaxis in several clinical trials [3-5, 12, 25]
and meta-analyses [7, 15, 18, 26]. Compared with LMWH,
they also offer reduced overall costs due to oral administration
[8] and patients prefer them [29]. However, concerns have
been raised regarding prolonged wound drainage [11] and an
increased risk of bleeding complications [9, 19, 25].

The aim of this Swedish Hip Arthroplasty registry study
was to analyze thromboprophylaxis after THA and address
the following questions: (1) Is there any difference between
LMWH and new oral anticoagulants in preventing symp-
tomatic DVT and PE after THA? (2) Are there any differ-
ences in safety parameters, such as bleeding, reoperations and
mortality, between LMWH and new oral anticoagulants?

Patients and Methods
Registries

The unique Swedish personal identity number facilitates
linkage-studies between population and health data regis-
tries. This study is based on a previously crosslinked reg-
istry database, initiated by the Swedish Hip Arthroplasty
Register [1]. All orthopaedic units report operations to the
register, resulting in a completeness of more than 98% [13].
The Swedish National Patient Register, with a complete-
ness of about 90%, registers both hospital discharges and
hospital-based outpatient visits [16] and contributes with
diagnoses according to the coding of the 10th revision of
the International Classification of Diseases (ICD-10). All
deaths are recorded by the Swedish Death Register and the
Swedish Prescribed Drug Register registers all prescribed
outpatient drugs in Sweden through automatic reporting by
the pharmacies [28] and provided data on the studied drugs.
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Patient Selection

From this merged dataset we extracted all 78,066 primary
THAs performed between 2008 and 2012 (Fig. 1). This
S-year span was chosen to match the introduction of new
oral anticoagulants as postoperative thromboprophylaxis
and to include sufficient number of patients. We included
only the first hip of patients who underwent bilateral pro-
cedures during the study period (n = 7105), which allowed
for better tracking of prescriptions and complications, as
well as exclusion of possible additive effect of a second
operation. Subsequently, we excluded all patients with
indications other then primary osteoarthritis (n = 12,186).
In addition, we excluded patients who were diagnosed with

All THA Procedures
Registered in SHAR 2008-2012
n =78,066

Bilateral THAs
-Second Hip Excluded
n=7105

Other Diagnoses than
Primary Osteoarthritis
n=12,186

\

Patients with Primary Osteoarthritis
n = 58,775

Venous Thromboembolism (ICD-10)
Within 5 Years Before Operation
n=1121

Purchased Warfarin Within
6 Months Before Operation
n=2510

Purchased LMWH or New Oral
Anticoagulants Within 6 Months
Before Operation

n =2461

No Registered Postoperative
Thromboprophylactic Medication
n=16,899

No Purchase of Prescription
Within 10 Days of the Operation
n=3151

A4
Patients with Primary Osteoarthritis
Included in the Analysis
n =32,633

/ \ 4

New Oral Anticoagulants LMWH
n = 5752 (18%) n = 26,881 (82%)

Fig. 1 The staged patient selection is summarized by this
flowchart; SHAR = Swedish Hip Arthroplasty Register; LMWH =
low molecular weight heparin.

any venous thromboembolism up to 5 years before their
operation (n = 1121) to limit any effect of previous con-
ditions on studied outcome.

To reduce bias from ongoing or recent potent antith-
rombotic agents at time of surgery, we also excluded
patients who had been prescribed warfarin, LMWH and
new oral anticoagulants, up to 6 months before the THA
(n = 4971). Nonsteroidal anti-inflammatory drugs and
acetylsalicylic acid are available as over-the-counter drugs,
and if not prescribed, are not registered in the Swedish
Prescribed Drug Register. Therefore, this was not possible
to control, and we did not include these medications in our
patient selection or analysis.

Subsequently, patients with no data on expedited post-
operative thromboprophylactic treatment (n = 16,899)
were excluded. This is mainly caused by a deviation in
routines in Swedish hospitals. We could only quantify
medication for those patients who received a prescription,
because patients who were provided with medication di-
rectly by the hospital (thus without a prescription) do not
appear in the Swedish Prescribed Drug Register. A sub-
analysis revealed that most patients purchased the pre-
scribed thromboprophylaxis medications on the third to
fifth day after the index operation. We decided that setting a
cutoff of purchase within 10 postoperative days would
limit the inclusion of high-risk patients by excluding those
who, possibly due to comorbidities, required longer hos-
pital care (n = 3151). Ultimately, 32,663 patients who
underwent a primary THA procedure were included in this
study, 5752 (18%) patients received new oral anti-
coagulants and 26,881 (82%) received LMWH (Table 1).

Study Variables

We recorded sex, age at index operation, body mass index
(BMI), American Society of Anesthesiologists (ASA)
classification, Elixhauser comorbidity index [23], and type
of implant fixation for each patient from the previously
described cross-matched database. Additionally, we
observed a variation of the length of thromboprophylaxis
between hospitals. As thromboprophylaxis is started
within the initial postoperative hours, the variable of du-
ration of thromboprophylaxis was calculated as the sum of
postoperative hospital stay and the amount of prescribed
outpatient daily doses. If the patients were prescribed
treatment for less than 28 days, we defined thrombopro-
phylaxis as short. Consequently, we classified thrombo-
prophylaxis of 28 days or longer as extended [17, 21]. We
then divided the thromboprophylaxis regimen into two
groups, LMWH and new oral anticoagulants. Most patients
with new oral anticoagulants were prescribed extended
thromboprophylaxis (84%), while LMWH was predominantly
used as short thromboprophylaxis (83%) (Fig. 2).

{J:}@Wolters Kluwer
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Table 1. Baseline data of selected patient characteristics, grouped by thromboprophylactic regimen

Patient characteristics NOAC LMWH p value
n=>5752 n = 26,881

Sex = female, n (%) 3329 (57.9) 15,339 (57.1) 0.264

Age - mean (SD) 68.19 (9.97) 67.75 (9.95) 0.002

Body mass index (kg/m?), mean (SD) 2745 (4.45) 27.28 (5.29) 0.031

Prophylaxis = extended duration*, n (%) 4849 (84.3) 4461 (16.6) < 0.001

ASA, n (%) < 0.001

Healthy (1) 1605 (29.2) 6926 (26.5)

Mild (11) 3280 (59.7) 15,913 (60.9)

Severe (Ill) 598 (10.9) 3228 (12.3)

Life-threatening (IV) 7 (0.1) 70 (0.3)

Moribund (V) 0 (0.0) 1(0.0)

Elixhauser, mean (SD) 0.76 (0.93) 0.63 (0.93) < 0.001

Fixation, n (%) < 0.001

Cemented 4142 (72.1) 17,123 (64.0)

Uncemented 888 (15.5) 4371 (16.3)

Hybrid 93 (1.6) 210 (0.8)

Reversed hybrid 609 (10.6) 4607 (17.2)

Resurfacing 13 (0.2) 463 (1.7)

*Extended duration = 28 days or longer; ASA = American Society of Anesthesiologists classification; NOAC = new oral

anticoagulants; LMWH = low-molecular weight heparins.

From the Swedish Prescribed Drug Register, we extracted
the corresponding Anatomical Therapeutic Chemical (ATC)
codes and included three drugs from the LMWH group:
dalteparin, enoxaparin, and tinzaparin. The treatment regimen
was one daily subcutaneous dose of 5000 international units
(IUs) of dalteparin, 4000 IUs of enoxparin, and 4500 IUs of
tinzaparin. The studied and approved new oral anticoagulants
for postoperative thromboprophylaxis during our time period
were a twice-daily 110-mg oral dose of dabigatran and
once-daily, 10-mg oral dose of rivaroxaban (see Table,
Supplemental Digital Content 1, http://links.lww.com/
CORR/A159).

We did not analyze any other thromboprophylaxis be-
cause there are no treatment recommendations in Sweden
that advocate simultaneous prescription of antiplatelet
drugs. Patients who were prescribed these drugs pre-
operatively continued them postoperatively as well. Any
prescriptions of platelet aggregation inhibitors 6 months
before the index operation were recorded as confounders
(see Table, Supplemental Digital Content 2, http://links.
Ilww.com/CORR/A160).

The use of mechanical prophylaxis is not well estab-
lished in relation to hip or knee arthroplasty in Sweden, and
it is not recorded in our database.

The occurrence of all events was studied up to 90 days
postoperatively. This timeline was based on previous
findings of time course of thromboembolic events after
joint replacement surgery [27].
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Our primary outcomes of symptomatic DVT and PE, as
well as the secondary outcome of bleeding were analyzed
through the corresponding ICD-10 codes from the Swedish
National Patient Register. Because there are no recognized
standards of reporting bleeding complications, we chose a
deliberately wide-ranging definition. We made no dis-
tinction between major and minor bleeding episodes, and
we included every code that resulted in the inclusion of
possible bleeding complication (see Table, Supplemental
Digital Content 3, http:/links.Iww.com/CORR/A161). No
national registers record decreases in hemoglobin levels or
quantify administered units of blood through which
severity of bleeding could be assessed. We decided not to
categorize bleeding into major and minor as we had no
access to individual medical records and grouping only by
location would yield controversies. The secondary
outcome of reoperation was extracted from the Swedish
Hip Arthroplasty Register and mortality data from the
Swedish Death Register.

Although the ASA class was lower (p <0.001) in the group
treated with new oral anticoagulants, the mean Elixhauser
comorbidity index was higher (p < 0.001) (Table 1). Indi-
viduals with new oral anticoagulants were more frequently
treated with cemented fixation. The distribution of sex, mean
age, and BMI were not different between groups (Table 1).

As dabigatran and rivaroxaban were approved for
postoperative thromboprophylaxis in 2008 in Europe, the
new oral anticoagulants prescription in the study’s initial 2
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Fig. 2 The bar chartis illustrating the distribution of patients treated with new oral anticoagulants or LMWHSs according to duration
of thromboprophylaxis in days; LMWH = low molecular weight heparins; NOAC = new oral anticoagulants.

years was low, but increased to a steady 25% share during
the last 3 years of the study.

Additionally, we analyzed reoperations within 90 days,
defined as any open surgical intervention related to the
previous THA operation. The causes of reoperations were
not analyzed, since establishing the true reason of each
reoperation in a registry setting might be challenging; for
example, some dislocations undergoing revision may in
fact have been caused by compromised soft tissues due to
infection. Similarly, it can be argued that the limit between
washout due to hematoma or revision due to deep infection
is fine. Consequently, we suggested that association of any
synergic effect with other factors, rather than causality of
medication by itself, is a better variable for safety assessment
of thromboprophylaxis. Finally, we also analyzed data on
mortality within 90 days from the Swedish Death Register.

Statistical Analysis

The statistical analysis was performed using R, version 3.4.2
(R Foundation for Statistical Computing, Vienna, Austria).
We analyzed the data in a binary logistic regression model to
determine the odds ratio (OR) with a 95% confidence in-
terval (CI). A p value below 0.05 was considered statistically
significant. Each of the observed outcomes was used as the
dependent variable in the regression analysis. We calculated

the OR both in a univariate and a multivariate analysis,
adjusted for length of thromboprophylaxis, year of the index
operation, Elixhauser comorbidity index, sex, age, and
previous treatment with platelet aggregation inhibitors as
confounders. A sensitivity analysis with estimation of the
average treatment effect using propensity score adjustment
was also performed and did not influence the conclusion of
the study (see Table, Supplemental Digital Content 4, http://
links.lww.com/CORR/A162).

Ethical Considerations

Ethical review approval was obtained from the Central
Ethical Review Board in Gothenburg, Sweden (decision
271-14). In accordance to the Swedish Patient Data Act
(2008:355) patients receive information about being reg-
istered in the Swedish Hip Arthroplasty Register and have
full rights to opt-out.

Results

Symptomatic DVT and PE

The risk of symptomatic DVT was lower in the group that

received new oral anticoagulants than the group that

{J:}@Wolters Kluwer
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Table 2. Thromboprophylactic regimen with outcome and adjusted logistic regression

Outcome Prophylaxis Complication n (%) Odds ratio® (95% CI)* p value

DVT LMWH 170 (0.6) 0.47 (0.27-0.76) 0.026
NOAC 7 (0.3)

PE LMWH 108 (0.4) 0.36 (0.16-0.69) 0.005
NOAC 8(0.1)

Bleeding LMWH 468 (1.7) 1.03 (0.82-1.28) 0.688
NOAC 102 (1.8)

Reoperation LMWH 162 (0.6) 1.02 (0.71-1.44) 0.860
NOAC 39(0.7)

Mortality LMWH 38 (0.1) 0.83 (0.31-1.88) 0.883
NOAC 6 (0.1)

*With LMWH as 1 (reference);

tadjusted for length of thromboprophylactic treatment, year of the index operation, Elixhauser comorbidity index, age, sex and
previous treatment with platelet aggregation inhibitors; Cl = confidence interval; DVT = deep venous thrombosis; PE = pulmonary

embolism; LMWH =

received LMWH (0.3% versus 0.6%; OR, 0.47; 95% CI,
0.27-0.76; p = 0.026). The risk of symptomatic PE was
also lower in the group that received new oral anti-
coagulants than the group that received LMWH (0.1%
versus 0.4%; OR, 0.36; 95% CI, 0.16-0.69; p = 0.005)
(Table 2).

Bleeding, Reoperation, and Death

We found no between-group differences in terms of
bleeding (OR, 1.03; 95% CI, 0.82-1.28; p = 0.688),
reoperation (OR, 1.02, 95% CI, 0.71-1.44; p = 0.860) or
mortality (OR, 0.83, 95% CI, 0.31-1.88; p = 0.883)
(Table 2).

The limited number of patients receiving short duration
thromboprophylaxis with new oral anticoagulants did not
allow for reliable statistical analysis of short versus long-
term prophylaxis in this group. However, adjusting for
duration of thromboprophylaxis in the subset of patients
treated with LMWH did not show any difference with
regard to the studied outcomes of symptomatic DVT (OR,
0.74;95% CI, 0.46—1.14; p=0.199), symptomatic PE (OR,
1.14; 95% CI, 0.68-1.82; p = 0.593), bleeding (OR, 0.77;
95% CI, 0.54-1.05; p=0.112), reoperation (OR, 1.24; 95%
CIL, 0.83-1.80; p = 0.281), or death (OR, 0.76; 95% ClI,
0.26-1.78; p = 0.567).

Discussion
There is little agreement about the best choice of throm-
boprophylaxis for THA, with regimens and guidelines

varying among countries and surgeons. In this nationwide
cohort of 32,663 elective THAs, we compared two current

{=). Wolters Kluwer

low-molecular weight heparins; NOAC = new oral anticoagulants.

choices, new oral anticoagulants and LMWH. Symptom-
atic DVT and symptomatic PE were reduced in patients
receiving extended postoperative thromboprophylaxis
with new oral anticoagulants compared with LMWH. We
did not find any difference in bleeding, reoperations, and
mortality. Although we were able to control for a number of
potential confounding variables, we could not ascertain the
indications that drove the prescription decisions in this
setting. The advantage of new oral anticoagulants in our
setting may partly be explained by easier administration,
which increases patient compliance [29], but we cannot
exclude the possibility that the main explanation is the
pharmaceutical mechanism of action.

We recognize that our study has several limitations. The
difference in duration of thromboprophylaxis between the
two groups most probably reflects the absence of consensus
on length of treatment. Our large study population allowed
for a separate analysis of this occurrence and adjusting for
the treatment length did not influence the likelihood of
symptomatic DVT and PE in the LMWH group. The same
analysis of effect of duration was not possible in patients
with new oral anticoagulants due to insufficient numbers
treated with short prophylaxis. However, the adjustment
for duration in our analysis and the similar likelihood of
thrombosis in the subanalysis of both LMWH subgroups
supports the superiority of the new oral anticoagulants
regimen.

Our registry setting cannot assess the severity of
bleeding complications and we could not measure the
magnitude of bleeding and its clinical importance. There
are no national registers that record decreased in hemo-
globin levels or quantify administered units of blood. We
decided not to categorize bleeding into major and minor as
we had no access to individual medical records and
grouping based on ICD codes would yield uncertainties.
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Volume 477, Number 6

Thromboprophylaxis in Hip Arthroplasty 1341

We believe some minor bleeding (such as epistaxis) could
have been missed as patients may have refrained from
seeking medical assistance. Because of high completeness
of the registers included, we think that the number of major
bleeding episodes not reported is small. Nonetheless,
despite a number of necessary exclusions, our study
included a large cohort, and we have no reason to believe
that the distribution of reported bleeding complications
differed between the two thromboprophylaxis groups.

Although our strict inclusion criteria and analysis con-
trolled for several confounders, we cannot rule out differ-
ences in the indications for new oral anticoagulants and
LMWH. Patients at higher risk for thromboembolic events
could have been treated with LMWH instead of new oral
anticoagulants. Patients with recent (< 5 years) history of
DVT or LE, recent (< 6 months) prescription of antith-
rombotic agents as well as patients who did not purchase
their prophylactic drugs within the first 10 postoperative
days (possibly due to a prolonged return to home) were
excluded from the analysis. There may also be residual
confounding in patients’ demographic and clinical char-
acteristics. For example, patients treated with new oral
anticoagulants had higher comorbidity, according to the
Elixhauser comorbidity index. The higher incidence of
cemented fixation among the same patient group may also
partly reflect the higher comorbidity in this group, as
cemented fixation is preferred for older patients, who can
be expected to have a higher degree of comorbidity.
However, the potential association of cement fixation and
thromboembolism, beyond the immediate postoperative
period, is controversial. Cemented fixation is reported as
both associated with higher [24] and lower [14] incidence
of DVT and PE. This association is difficult to assess in a
registry setting, and would necessitate pragmatic multi-
center studies. Nonetheless, the higher comorbidity iden-
tified in the new oral anticoagulants group should
theoretically increase the likelihood of symptomatic DVT
and PE and consequently disadvantage new oral anti-
coagulants [20, 21].

A structured screening for complications is not available
in a single registry setting due to the frequent failure to
record screening procedures and discrepancies in ICD-
coding of complications. Contrary to most other pub-
lications in the field, this study focuses on real-life clinical
outcomes, while several previous studies performed an
active screening for venous thromboembolic events. Some
asymptomatic events can, however, develop into clinically
manifested or even potentially life-threatening complica-
tions. In most clinical postoperative followup routines,
general screening for asymptomatic events is generally not
performed. Subsequently, this may lead to asymptomatic
PE developing into serious events with a potentially lethal
outcome. Although we cannot confirm the cause of death,
we had an overall equal incidence (1%) of mortality in both

groups, regardless of the cause of death or the contribution
of thromboprophylaxis to it. This study presents a prag-
matic approach, reflecting true outcome with analysis of
clinically presented and therefore relevant results, regard-
less of their severity, outcome, followup or methodology.
This is also assured by the high completeness of the
Swedish National Patient Register and the validity of the
same register, specifically with regard to thromboembolic
outcomes continuously being verified.

The incidence of symptomatic DVT and PE, as well as
bleeding, reoperation and mortality may also have been
decreased by our exclusion criteria. Patients with docu-
mented DVT or PE 5 years before the index operation and
patients with prescribed LMWH, new oral anticoagulants,
and warfarin 6 months preoperatively were excluded. We
also excluded all patients who had no postoperative pre-
scription data on thromboprophylaxis. Further exclusion of
patients who did not purchase their thromboprophylaxis
medications within 10 days after operation may have ex-
cluded individuals with prolonged wound drainage [10, 11]
or higher comorbidity. After discussion within the Swedish
Hip and Knee Association, which represents most Swedish
THA surgeons, we believe that a large proportion of these
excluded patients were provided a supply of thrombopro-
phylaxis medications on discharge by the ward staff,
bypassing the pharmacies and consequently their registra-
tion. From this discussion it could also be suggested that
most patients received short-term prophylaxis with either
new oral anticoagulants or LMWH. A separate analysis on
these excluded patients was performed to determine if their
removal from the study group affected our results. We
found that the symptomatic DVT and PE incidence for
these patients was similar to the study group (0.4 %). The
distribution of the outcomes and clinical data did not show
any differences between patients with missing and existing
medication data. Therefore, we concluded that these
exclusions should not have any impact on the conclusions
drawn from in the current analysis. Based on the high
number of observations and strict inclusion criteria, we
think that there is a low probability for skewed distribution
of possible confounders between the LMWH group and the
new oral anticoagulants group.

Finally, there might have been selection bias in this
nationwide observational study. The study period
encompasses a relatively limited period; hence, it is un-
likely that any major changes in surgical procedure or
technique have been introduced. To reduce the risk of any
selection bias, a sensitivity analysis using propensity score
adjustment was performed and did not influence the con-
clusion of the study.

Several meta-analyses have reported results similar to
this study’s finding of a lower incidence of DVT and PE
after THA with new oral anticoagulants compared with
LMWH treatment [15, 18, 19, 26]. However, these results
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are not directly comparable due to differences in patient
selection and patient demographics. There is also a dis-
crepancy with regard to the primary endpoints between
studies. Most studies used different screening modalities to
identify DVT and PE, which also detect subclinical events;
this may have raised the reported incidence of DVTs and
PEs and simultaneously prevented some from becoming
symptomatic and detectable in clinical practice. Among
recently published trials, only the large phase 4 XAMOS
rivaroxaban trial had symptomatic DVT and PE as the
primary endpoint and reported a similar incidence of 0.3 %
in THA patients with rivaroxaban as compared with the
standard of care thromboprophylaxis (OR, 0.43; 95% CI,
0.24-0.80) [25]. However, this study was a non-
intervention study without any randomization or control of
possible risk factors, which could have resulted in bias
between treatment groups. Moreover, in this study several
different thromboprophylaxis regimens were used as the
comparator to the new oral anticoagulants group, which
might further obscure the results.

In the current study there was no association between
LMWH or new oral anticoagulants and the risk of bleeding.
Any direct comparison to previous clinical trials is difficult
as they often did not adhere to standardized definitions of
bleeding [2]. However, analysis of bleeding is important
as a safety assessment of pharmacological thrombopro-
phylaxis. Both the RE-NOVATE I and II dabigatran trials,
as well as the XAMOS trial, did not report any difference in
risk of major bleeding [3, 5, 25] between new oral anti-
coagulants and LMWH. Some meta-analyses have repor-
ted an association of major/clinically relevant bleeding
with rivaroxaban [7, 9, 19, 26], whereas others did not find
any association for rivaroxaban or dabigatran [7, 9, 15,
18, 26].

In conclusion, new oral anticoagulants were associated
with a lower risk of symptomatic DVT and symptomatic
PE in this large registry study, and we observed no dif-
ferences in the risk of bleeding, reoperation, or death be-
tween the groups. The study was performed independently
of any financing or affiliation to specific companies and
with no intended selection of settings, protocols or per-
forming centers. This, together with the quality of our
registers and the large cohort analyzed, reinforces the rel-
evance and generalizability of our results.

Although we were able to control for a number of po-
tential confounding variables, we could not ascertain the
indications that drove the prescription decisions in this
setting, and there were important between-group differ-
ences in terms of duration of thromboprophylaxis (new oral
anticoagulants generally were used for a longer period of
time after surgery). Future studies, preferably large ran-
domized trials with pragmatic inclusion criteria that ana-
lyze symptomatic DVT, symptomatic PE and death are
needed to confirm or refute our findings.
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