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ABSTRACT

Introduction Venous thromboembolism (VTE) is a serious
complication following hip arthroplasty (HA) and knee
arthroplasty (KA). This study aims to determine whether
aspirin is non-inferior to low molecular weight heparin
(LMWH) in preventing symptomatic VTE following HA and
KA.

Methods and analysis This is a cluster randomised,
crossover, non-inferiority, trial nested within the Australian
Orthopaedic Association National Joint Replacement
Registry (AOANJRR). The clusters will consist of Australian

hospitals performing at least 250 HA and/or KA procedures

per annum. All adult patients undergoing HA or KA will

be included. The intervention will be aspirin, orally, 85—
150 mg daily. The comparator will be LMWH (enoxaparin)
40mg, subcutaneously, daily. Both drugs will commence
within 24 hours postoperatively and continue for 35

days after HA and 14 days after KA. Each hospital will

be randomised to commence with aspirin or LMWH and
then crossover to the alternative treatment after meeting
the recruitment target. Data will be collected through

the AOANJRR via patient-reported surveys. The primary
outcome is symptomatic VTE within 90 days post surgery,
verified by AOANJRR staff. The primary analysis will
include only patients undergoing elective primary total hip
arthroplasty and total knee arthroplasty for osteoarthritis.
Secondary outcomes will include symptomatic VTE for all
HA and KA (including partial and revision) within 90 days,
readmission, reoperation, major bleeding and death within
90 days and reoperation, death and patient-reported
pain, function and health status at 6 months. If aspirin is
found to be inferior, a cost-effectiveness analysis will be
conducted. The study will aim to recruit 15562 patients
from 31 hospitals.

Strengths and limitations of this study

» Registry-nested trial allowing efficient data collec-
tion and large sample size.

» Crossover design balancing potential
dependent confounders.

» Use of outcome and compliance verification
processes.

» Relies on patient reporting of primary outcome.

» Does not measure asymptomatic (subclinical) ve-
nous thromboembolism.

cluster-

Ethics and dissemination Ethics approval has been
granted. Trial results will be submitted for publication.
The trial is registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12618001879257, pre-
results) and is endorsed by the Australia and New Zealand
Musculoskeletal Clinical Trials Network.

INTRODUCTION

Over 100000 hip and knee arthroplasty (HA,
KA) procedures are performed each year in
Australia.' Symptomatic postoperative venous
thromboembolism (VIE), comprising deep
venous thrombosis (DVT) and pulmonary
embolus (PE), may occur in approximately
2% of patients.”> Apart from mechanical
prophylaxis (compression pumps or stockings
and early mobilisation), patients undergoing
HA and KA also receive chemoprophylaxis
for VIE prevention, with most patients in
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Australia receiving either low molecular weight heparin
(LMWH) or aspirin.3

Guideline recommendations for VI'E prophylaxis vary
due to a lack of evidence regarding the comparative safety
and effectiveness of these two common chemoprophy-
laxis agents.™ Aspirin is a low cost, over-the-counter, safe
medication that is easy to take (one tablet taken orally,
daily). LMWH requires daily injection (often requiring
professional or family support), is more expensive and
requires a prescription, but has a larger body of evidence
confirming its effectiveness.*!

Current practice guidelines provide conflicting recom-
mendations for VIE prophylaxis. The National Institute
of Health and Care Excellence guidelines (UK, 2018)
now recommend using LMWH, aspirin or novel oral anti-
coagulants (NOAGs) for VIE prophylaxis following KA
and recommend either LMWH or NOAG:s following HA,
with aspirin only recommended for extended prophy-
laxis. Aspirin was not recommended in the previous
version of this guideline.® In the USA, separate guidelines
have been produced by the American College of Chest
Physicians and the American Association of Orthopaedic
Surgeons.*” Both recommend the use of LMWH, NOACs
or aspirin. The Australian National Health and Medical
Research Council guidelines (2011) did not recommend
aspirin, however these guidelines were rescinded in 2016
as they were considered outdated.'

The current literature also provides conflicting
evidence. Few systematic reviews have synthesised the
evidence for aspirin, despite international guideline
recommendations and its common use for prevention of
VTE following HA and KA."" *™*® Two recent small system-
atic reviews included data from six small trials (with
sample sizes ranging from 121 to 1728 patients) using
aspirin as a comparator, and concluded that larger trials
are needed.'” ? In both reviews, the evidence was domi-
nated by one trial of 778 patients comparing aspirin with
LMWH in total hip arthroplasty (THA).?' This trial was
stopped early due to poor recruitment and all patients
received LMWH for the first 10 days before random allo-
cation to aspirin or continued LMWH. Another five trials
were also described, including a total of 936 patients, but
these trials were small, measured different outcomes and
were at risk of bias."” Subsequent to the above system-
atic reviews, a large randomised trial (including 3424
patients) has been published and concluded aspirin was
non-inferior to rivaroxaban (a NOAC).?> However, both
groups were treated with rivaroxaban for the first 5 days
before being randomised to aspirin or rivaroxaban for
the following 2—-4 weeks. This does not reflect the way that
aspirin is used in Australia, where it is usually commenced
within 24 hours of surgery and not given in combination
with any other VTE chemoprophylaxis.®

While studies using administrative datasets should
be interpreted with caution due to risk of observer bias
and incomplete data, three studies of aspirin using large
administrative datasets have been reported.%_25 The first,
from the USA, used data from 93 804 patients undergoing

elective total knee arthroplasty (TKA) to compare
outcomes for patients receiving three different forms
of VTE prophylaxis: injectable prophylaxis (LMWH or
fondaparinux), aspirin or warfarin. No difference was
found in the mortality rates or rates of postoperative
bleeding complications between the three groups, and
there was no difference in the rate of VIE comparing
LMWH with aspirin.23 Two studies using data from the
National Joint Registry for England, Wales, Northern
Ireland and the Isle of Man for patients undergoing THA
and TKA with over 200 000 patients showed no difference
in VTE rates or re-operations (up to 90 days) between
LMWH and aspirin groups. However, the reported rates
of VTE were very low, possibly due to underdetection.***

Study rationale

The existing uncertainty within the available literature
and inconsistencies in available clinical practice guide-
lines likely contribute to the widespread practice varia-
tion currently seen in Australia.” *® There has been a trend
towards declining LMWH use over the last decade and a
shift towards aspirin-based protocols, although high-level
evidence remains lacking.” Aspirin does not require a
prescription, is easier to achieve adherence (tablet rather
than injection), is safe and is inexpensive. High-quality
evidence is required to determine the clinical effective-
ness, cost-effectiveness and safety of aspirin compared
with LMWH for VTE prophylaxis after HA and KA.

Objectives

Primary objective

The primary objective of this study is to determine whether
aspirin is non-inferior to LMWH in the prevention of
symptomatic VIE (either DVT or PE) occurring within 90
days in adults undergoing primary, elective THA or TKA
for osteoarthritis (OA), who are not currently on antico-
agulant medication for a pre-existing condition (specifi-
cally warfarin, NOAGs or dual antiplatelet therapy).

Secondary objectives

1. To determine whether aspirin is non-inferior to LMWH
for THA and TKA separately, unilateral and bilateral
arthroplasty and subgroups of VTE (below-knee DVT,
above-knee DVT and PE as separate outcomes).

2. To determine whether aspirin is non-inferior to LMWH
in preventing VTE for all patients undergoing HA or
KA (for any indication, including partial and revision
arthroplasty).

3. To compare safety outcomes (death, reoperation, re-
admission and major bleeding events within 90 days
and reoperation and death within 6 months, and rea-
sons for these) between LMWH and aspirin groups.

4. To compare patientreported pain, function and
health status at 6 months between the two treatment
groups (specifically the Oxford Hip and Knee Scores,?’
the EuroQol EQ-5D and EuroQol-visual analogue scale
(EQ-VAS) scores™ and a 010 joint pain score).
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5. To perform a cost-effectiveness analysis comparing as-
pirin and LMWH], if aspirin is found to be inferior to
LMWH.

6. To compare rates of persistent wound drainage (PWD)
and wound disturbance between aspirin and LMWH
groups as a substudy.

METHODS AND ANALYSIS

CRISTAL study design

CRISTAL (a cluster randomised, non-inferiority trial of
aspirin compared to low molecular weight heparin for
venous thromboembolism prophylaxis in hip or knee
arthroplasty, a registry nested study) has been designed
as a pragmatic, non-inferiority, clusterrandomised,
crossover trial and will be nested within the Australian
Orthopaedic Association National Joint Replacement
Registry (AOANJRR). The AOANJRR was established in
1999 and reports on demographic data, revision surgery
and mortality after joint arthroplasty in Australia, with
near complete (98%-100%) national coverage.' The
AOAN]JRR has established an online Clinical Trials Plat-
form to allow direct data capture by patients preopera-
tively and postoperatively. The CRISTAL trial will use this
platform.

Thirty-one hospitals across Australia have agreed to
participate. Patient recruitment began on 15 April 2019
and is planned to be complete by 31 August 2021. Figure 1
demonstrates a flow sheet of the study design.

Eligibility criteria

At a hospital level, all hospitals performing HA and
KA procedures in Australia are eligible providing that
the hospital department (or surgeon group within the
hospital) agrees to participate in the study, agrees to
adhere to the study protocol throughout the course of
trial and that the hospital or surgeon group performs at
least 2560 HA and/or KA procedures per annum. This
number has been chosen based on the power calculation
for this study. The chief investigator (IAH) was respon-
sible for recruiting hospital departments.

At a patient level, all adult patients (aged 18 years and
older) undergoing primary, revision or partial HA or KA
for any indication will be eligible for the trial; there are
no patient exclusion criteria as the trial is considered a
pragmatic study and recruitment and randomisation will
occur at hospital level, not at the level of the individual
patient. Each recruited hospital will be responsible for
recruiting patients and the recruitment of patients will
be tracked by the AOANJRR using the Clinical Trials
Platform.

Rationale for study design

A cluster-randomised, crossover trial will allow recruit-
ment of all available patients, without excessive loss of
potentially eligible patients. An individually randomised
non-inferiority trial was contemplated, however, individ-
ually consenting patients would require an additional
process that would render entry into the study more

ELIGIBLE HOSPITAL
* Departmental consent gained
* Performs > 250 THA and/or TKA
procedures per annum
* Willing to adhere to study protocol

RANDOMISATION
Randomise hospital to
commence study with aspirin
or LMWH treatment

|

RECRUIT PATIENTS
« Age>18
* Undergoing HA or KA for
any indication

k.

COMMENCE
LMWH ARM
+ LMWH 20-40mg
commencing within
24hrs postoperatively
+ 35dfor HA
+ l4dfor KA
+  Day 1 mobilisation,
perioperative IPC use

COMMENCE

ASPIRIN ARM

+ Aspirin 85-150mg
commencing within
24hrs postoperatively

+ 35dforHA

+ 1ad for KA

+ Day1 mobilisation,
perioperative IPC use

l |

CROSSOVER to CROSSOVER to
LMWH ASPIRIN
After allotted time After allotted time
period period
PRIMARY OUTCOME
* 90day survey reported and verified symptomatic
VTE (PE or DVT)
« Primary analysis for elective, primary THA/TKA for
OA diagnosis
+ Data collection for secondary outcomes at 90 days
Figure 1 Study design flow sheet. DVT, deep venous

thrombosis; HA, hip arthroplasty; IPC, intermittent pneumatic
compression; KA, knee arthroplasty; LMWH, low molecular
weight heparin; OA, osteoarthritis; PE, pulmonary embolus;
THA, total hip arthroplasty; TKA, total knee arthroplasty; VTE,
venous thromboembolism.

burdensome for patients and sites, potentially leading to
a lower proportion of eligible patients being recruited.
Given the high numbers of patients required for the
trial (sample size calculation given below) and that both
interventions are commonly used and acceptable forms
of VIE prophylaxis in Australia, this trial design was
chosen as the most efficient, pragmatic method, without
exposing patients to undue risk or burden in trial partic-
ipation. The inclusion of patients who have been tradi-
tionally excluded from similar trials (eg, patients with a
prior VTE history not currently on anticoagulant therapy,
revision and partial arthroplasty)21 2 will further reduce
the potential for confusion as to which patients may or
may not be eligible for trial inclusion and reflects the
pragmatic nature of the study. It also enhances the like-
lihood that the trial findings will be later adopted into
clinical practice.

The crossover design was chosen as an additional
feature to allow important potential confounders (such
as differences in socioeconomic status and patient
management between clusters) to be balanced between
treatment groups.29 30

Treatment groups and randomisation
Each hospital will be randomised to two consecutive
periods of a standard protocol of LMWH and a standard
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protocol of aspirin as VI'E prophylaxis. Patients in the
aspirin group will receive aspirin at a dose of 85-150mg
once daily, orally for 35 days post HA and for 14 days post
KA commencing within 24 hours of surgery. Patients in the
LMWH group will receive enoxaparin at a dose of 40 mg
once daily, subcutaneously for the same time periods. The
dose of LMWH will be reduced to 20mg for patients who
weigh <50kg and for patients with an estimated glomer-
ular filtration rate of <30 mL/min who are not on dialysis.
These doses and time periods have been chosen as they
reflect the best current available evidence and guidelines
for VTE prophylaxis.* °*' # Other interventions that will
be standard across all sites are the intraoperative and
postoperative use of intermittent pneumatic compression
(IPC) calf devices until patients are mobile, the use of
compression stockings and mobilisation offered on day 0
or day 1 postoperatively.

All patients at participating hospitals undergoing any
HA or KA procedure (total, partial or revision arthroplasty
for any indication including fracture) will receive the allo-
cated study drug, unless they are already taking anticoag-
ulant medication for a pre-existing condition (specifically
warfarin, NOACs or dual antiplatelet therapy) or have
a contraindication to aspirin or LMWH. These patients
will have these data recorded preoperatively and will be
managed according to local site peri-operative protocols;
they will not be excluded from the trial but will not be
included in the primary analysis. Patients taking single
antiplatelet therapy for a pre-existing condition will be
given the study drug as VIE prophylaxis and will be
included in the primary analysis. Figure 2 demonstrates a
patient management flow sheet.

Hospitals will be randomised to commence with either
LMWH or aspirin, in blocks of size four by statisticians
from the South Australian Health and Medical Research
Institute, independent of study investigators. Study inves-
tigators will be blinded to group allocation. Hospitals
will be informed of group allocation the week prior to
commencing patient recruitment. Each hospital will
adhere to the randomised protocol for a time period
until the target number of patients for each group has
been met, according to the sample size calculation.
Recruitment numbers will be monitored centrally by the
AOANJRR and hospitals will be informed of when they
have met their recruitment target. They will then cross-
over to the alternate treatment group, aiming for the
same number of patients in each group.

Patients will be informed about the study but will not be
required to individually consent to the trial, as the unit of
randomisation is the hospital and both treatments repre-
sent standard practice in Australia. Patients will individu-
ally consent for the use of their data and for postoperative
follow-up within the Clinical Trials Platform.

Adherence

Patients may discontinue the drug if they have an allergy
or adverse event related to the drug. The study drug
may be withheld if postoperative wound ooze continues

¥

UNSW =2 University of

-

AOANRRR | frebee™"

South Australia

20

CRISTAL Study Site Patient Flow Chart

[ START HERE

Contraindication
(e.g. allergy, clotting disorder)

Recruitment of Patients K> X
l Inform the Registry at 1800 068 419
Is there a study drug contraindication vES Warfarin, NOAC, dual antiplatelet
or is the patient on anticoagulants? —— | Manage as per local protocol
No . Inform the Registry at 1800 068 419
i &
Site Protocol after Surgery | Single Antiplatelet Thera \
* Apply intermittent pneumatic Preoperative
compression (IPC) devices until Cease 7 days preoperatively, at
mobilising surgeon, cardiologist or anaesthetist
o Offer mobilisation on day 0 or 1 discretion.

postoperatively
e Start study drug within 24 hours
postoperatively

l

STUDY DRUG: DAILY
¢ Aspirin: 100mg (85-150mg)
OR
¢ LMWH: Clexane 40mg (20 mg
for renal impaired patients or

Postoperative

Start study drug within 24 hours
postoperatively and continue as per
protocol. Recommence usual anti-
platelet at surgeon’s discretion
(suggest 7 days) in addition to study
drug. If therapy was aspirin and
study drug is aspirin, only give

| aspirin as per protocol duration

\befcre recommencing usual dose.

patients weighing <50 kg)
WEEIEES  WHERESCES 1. DO NOT CEASE study drugs for
l first 3 days postoperatively
2. If excessive wound ooze after
Does patient have excessive wound YES 72 hours, cease study drug for
oozing? 48 hours.
| 3. Then recommence study drug
NO if settling

)

Continue with protocol accordingly

4. Document and report to Site

\\ Investigator and to Registry

Report any protocol violation or complication to project site investigators.

Figure 2 Patient management flow sheet. LMWH, low
molecular weight heparin; NOAC, novel oral anticoagulant;
THA, total hip arthroplasty; TKA, total knee arthroplasty.

beyond 72hours postoperatively, with recommencement
48 hours later if the wound ooze has settled.

Inpatient adherence to the protocol (including drug
used, dose and use of mechanical prophylaxis) during
the acute care period will be determined by a 2-week
chart audit of patients from each group (LMWH or
aspirin) from each hospital, performed immediately after
recruitment has started, independent to study investiga-
tors. Meetings will be organised with sites which have an
adherence to the study drug of <80% to discuss options to
improve adherence and these sites will be re-audited prior
to crossover to the alternate drug, to ensure a compliance
rate of >80% is achieved. Post-discharge adherence ques-
tions will be included in the postoperative 90-day survey.

Data collection methods

Data collection will occur preoperatively and postopera-
tively (at 90 days and 6 months). Table 1 outlines a time-
line of data collected at each timepoint. Data collection
will be achieved via patient-completed electronic surveys
(via tablet, phone or computer) using direct data entry
through the AOANJRR Clinical Trials Platform. Patients
will be registered for the CRISTAL study at preadmission
appointments and will be provided with log-in details for
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Table 1 Data collection by timepoints

Data collection questions and

Timepoint instruments

Preoperative Current anticoagulation use (yes/no and
drug)

Age

Sex

Joint (hip or knee)

Side

Unilateral vs bilateral

Primary or revision

ASA grade

BMI

History of VTE

Oxford Hip or Knee Score

EQ-5D-5L

EQ-VAS

Joint pain (humeric rating scale 0-10)

VTE (DVT or PE)

Adherence (did you use pills or injections
to prevent a blood clot postoperatively, for
how long?)

Current use of anticoagulants (yes/no,
which one)

Non-VTE complications (readmission,
readmission reason, reoperation,
reoperation reason, major bleeding, death)

Non-VTE complications (reoperation,
reoperation reason, death)

Oxford Hip or Knee Score

EQ-5D-5L

EQ-VAS

Joint pain (humeric rating scale 0-10)

90 days

6 months

ASA, American Society of Anaesthesiologists; BMI, body mass
index; DVT, deep venous thrombosis; EQ-5D-5L, EuroQol-5D-5L;
EQ-VAS, EuroQol-visual analogue scale; PE, pulmonary embolus;
VTE, venous thromboembolism.

the online data capture system. Patients can complete

preoperative data entry while at the preadmission

appointment (via portable devices) or online at home

(using the provided log-in details).

Preoperative data collected will include demographic
and operative data already captured by the AOANJRR
and additional data specific to the study: anticoagulant
use (online supplementary appendix 1) and patient-
reported pain, function and health status measures
(patientreported outcome measures (PROMs)). The
following PROMs, which have been used widely in inter-
national joint registries to guide information about
patient-reported outcomes post-THA and post-TKA,* will
be measured at baseline:

» The Oxford Hip and Knee Scores: these were devel-
oped to assess the outcome of hip and knee replace-
ments and were designed to be completed by patients
in order to minimise potential observer bias. Both
instruments include 12 questions to assess a patient’s
pain and function related to their affected hip or
knee.”’

» The EQ-5D: this is a standardised measure of health
status developed by the EuroQoL Group in order to
provide a simple, generic measure of health for clin-
ical and economic appraisal.”® It includes five health
outcome domains (mobility, self-care, usual activities,
pain/discomfort and anxiety/depression) that can be
summarised into a utility score. There are five descrip-
tive sentences under each heading and patients are
directed to tick one box that best describes their
health on that day. The EQ-VAS addresses current
health state.*

Postoperatively, patients will be followed up at 90 days
and 6 months and will be prompted via email, SMS or tele-
phone to complete postoperative surveys. To ensure minimal
inconvenience, a maximum of three successful reminders
will be sent to each patient. This will occur at 90 and 95
days via email and SMS and at 100 days via telephone for
the 90-day postoperative survey and at 5.5 and 6 months
via email and SMS and at 6.5 months via telephone for the
6-month postoperative survey. Patients will be contacted
beyond 100 days and 6.5 months via telephone, if surveys
remain incomplete and if initial telephone contact has not
been successful. The postoperative 90-day survey will ask a
series of questions regarding VIErelated and non-VTE-
related complications (online supplementary appendix 2).
All patients who respond ‘yes’ to having experienced a VIE
will have this result verified by AOANJRR staff by contact with
treating doctors. As a secondary measure to capture possible
missed VIEs, patients will also be asked if they are still taking
anticoagulant medication in the postoperative survey and
those who are, will be probed for the reasons for ongoing
anticoagulation. Patients who do not report having a VIE at
postoperative follow-up will not have this verified routinely.
However, a random subsample of 200 patients reporting an
absence of VIE will have this result audited by contact with
treating doctors and hospitals.

The postoperative 6-month survey will ask questions
regarding reoperation (and reasons for reoperation) and
will measure the above PROMs to determine change in
patientreported pain, function and health status from
baseline to 6 months postoperatively in each group. Non-
VTE-related complications will be recorded and verified
in a similar fashion at postoperative surveys.

The AOAN]JRR links to the National Death Index twice
a year (February and September). If a patient who has
participated in the CRISTAL study is flagged as deceased
in the AOANJRR database, this will be transferred to the
CRISTAL database and will provide data on death within
90 days and 6 months. No further contact will be made
with patients or families if this occurs.

Some patients may not be able to access or use the online
system to enter data, for example, older patients and non-
English-speaking patients. To overcome these barriers,
patients will be given the option to nominate a ‘proxy’ (eg,
family member or friend) to assist them with completing
the surveys and receive reminders electronically on their
behalf. Information will be collected on whether the patient
had assistance to complete the postoperative survey.
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Primary outcome

The primary outcome of the trial is verified, symptomatic
VTE (DVT or PE) within 90 days of HA or KA. Patients
with painful, persistent leg swelling and calf tenderness
postoperatively will be investigated for DVT and patients
with dyspnoea, chest pain or documented hypoxia will
be investigated for PE. Due to their questionable clinical
relevance, routine ultrasound or venographic screening
for asymptomatic DVTs will not be conducted and asymp-
tomatic DVTs will not be included in the primary outcome
for this study.***

Secondary outcomes

Secondary outcomes will include non-VTE complications

(at 90 days and 6 months) and change in the above-

mentioned PROMs. Complications will be classified into

the following groups:

» Readmission related to the original surgery or associ-
ated treatment (including bleeding and VTE related)
within 90 days.

» Reason for readmission: infection, dislocation, stiff-
ness, fracture, wound dehiscence, implant issues
(loosening, migration or failure), wound bleeding,
other bleeding.

» Reoperation on the same joint within 90 days and 6
months

» Type of reoperation: treatment of infection, treat-
ment of joint bleeding or haematoma, reduction of
dislocation, manipulation under anaesthesia, fracture
treatment, wound repair, implant issues as above,
non-jointrelated surgery.

» Major bleeding events: bleeding resulting in readmis-
sion, reoperation or death, within 90 days.

» Death within 90 days and 6 months.

A cost-effectiveness analysis will be performed if aspirin
is found to be inferior to LMWH. A second substudy
comparing the incidence of persistent wound drainage
(defined as persistent, ongoing wound drainage beyond
72hours postoperatively) and wound disturbance
(defined as wound haematoma requiring readmission,
wound blistering, prolonged drainage for >7 days postop-
eratively and need for re-operation due to wound compli-
cations) between the aspirin and LMWH groups will be
performed at two high volume hospitals (the Institute of
Rheumatology and Orthopaedics and Fairfield Hospitals
in New South Wales) participating in the CRISTAL trial.
Both studies will be published as separate reports.

Sample size

A recent large cohort study of 1900 patients with THA
and TKA from 19 institutions across Australia showed an
incidence of symptomatic VIE within 90 days of THA and
TKA of 2.6% (manuscript under preparation). A recent
randomised trial of aspirin versus rivaroxaban used a
minimum clinically important difference of 1%, based on
a survey of thromboembolism experts and orthopaedic

91 99
surgeons.z 2

For the sample size calculation in the CRISTAL study,
we used an estimated overall event rate of 2% (a conserva-
tive estimate based on the recent Australian cohort study
and the current available literature),” ** the same non-
inferiority margin of 1% from the recent randomised
controlled trial®* (an event rate of 2.5% for aspirin and
1.5% for LMWH), a power of 90% and a one-sided signif-
icance level of 0.025. For an individual randomised trial,
this yields a sample size of 4117 per treatment group or
a total of 8234 patients. For a cluster randomised cross-
over trial, the sample size must account for correlations
within clusters during the same time period (intracluster
correlation) and between study periods in the same
cluster (interperiod correlation).” *® Assuming an intra-
cluster correlation of 0.01, an interperiod correlation of
0.008 and 31 clusters, the sample size required increases
to 11160 patients. From each cluster, we will aim to recruit
251 registered patients from each group (a total of 15562
patients), which will allow a 27% loss to follow-up.

Due to uncertainty around the exact event rate'? ! 2% 57
and to allow for a smaller non-inferiority margin, we have
constructed a sample-size table (table 2) to demonstrate that
the trial will be adequately powered using a non-inferiority
margin of 1%, for an event rate up to 3% at 80% power
and for an event rate up to 2% at 90% power, provided that
loss to follow-up is <17%. As a secondary measure, after
1000 patients have completed the 90-day follow-up, we will
obtain a preliminary symptomatic VIE rate for the whole
sample and a loss to follow-up rate (without performing any
comparative statistical analyses and maintaining blinding)
to determine whether the estimates for the primary event
rate (2%) and loss to follow-up rate (27%) are accurate and
adjust the sample size accordingly if the primary event rate
is >3%, while accounting for loss to follow-up.

Statistical analysis

The analysis for the primary objective will be limited to
patients undergoing elective primary THA or TKA for a
diagnosis of OA, excluding patients for whom the study
drugs were contraindicated (eg, allergy or need for
alternative anticoagulant—warfarin, NOAC, dual anti-
platelet, for a pre-existing condition). This analysis will
test between-group difference in the proportion of cases
developing VIE within 90 days for non-inferiority of
aspirin at a margin of 1%, on an intention-to-treat basis.

The primary analysis will use cluster summary
methods.”™ These methods estimate the treatment effect
using cluster level differences and have been shown to
be appropriate for cluster randomised crossover trials
with rare outcomes and the intracluster and interperiod
correlation coefficients expected in this trial.”

Multiple imputation to account for missing outcome data
will be investigated, using auxiliary variables gathered from
routine AOANJRR data (including age, sex, baseline health,
pain and function, diagnosis and surgical factors). Since
VTE is rare, if prediction in the imputation models using
these auxiliary variables is a problem, no imputation will be
performed due to the possibility of bias.* Since the most
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Table 2 Sample size table for the CRISTAL trial*t

Non- Cluster N total
Event rate Overall inferiority N in each arm size (for 31 (cluster

Event rate in experimental in control eventrate margin (individual) clusters) randomised)
Power=0.8
0.015 0.005 0.01 0.01 1553 56 3472
0.02 0.01 0.015 0.01 2319 88 5456
0.025 0.015 0.02 0.01 3076 123 7626
0.03 0.02 0.025 0.01 3826 163 10106
0.035 0.025 0.03 0.01 4567 207 12834
0.04 0.03 0.035 0.01 5301 258 15996
0.0125 0.005 0.00875 0.0075 2420 92 5704
0.015 0.0075 0.01125 0.0075 3104 124 7688
0.0175 0.01 0.01375 0.0075 3784 160 9920
0.02 0.0125 0.01625 0.0075 4461 201 12462
0.0225 0.015 0.01875 0.0075 5134 246 15252
Power=0.9
0.015 0.005 0.01 0.01 2079 77 4774
0.02 0.01 0.015 0.01 3103 124 7688
0.025 0.015 0.02 0.01 4117 180 11160
0.03 0.02 0.025 0.01 5121 245 15190
0.015 0.0075 0.01125 0.0075 4154 182 11284
0.0175 0.01 0.01375 0.0075 5065 241 14942

*A one-sided a=0.025 is required for a 95% CI. The number of clusters is assumed to 31, the ICC=0.01 and the IPC=0.008.

fTable does not account for an estimation of loss to follow-up.

ICC, intracluster correlation coefficient; IPC, intermittent pneumatic compression.

likely reason for loss to follow-up is difficulty in contacting
patients postoperatively (rather than any association with
treatment assignment or outcome), missing outcome data
are expected to be missing completely at random, which
will not cause bias in the estimates.

Secondary analyses will be performed for the primary
outcome, to test for differences in treatment effect
between subgroups of patients: THA only, TKA only and
bilateral joint replacement. The analysis method will be
the same as the primary outcome and will include an
interaction term between subgroup and treatment group.

Further secondary analyses will include an extension
of the primary analysis for patients undergoing all forms
of HA and KA (total, revision, partial) for any indication
(non-OA diagnoses) and will include patients for whom
the study drug was contraindicated. This will assess the
effect of implementing the protocol at a departmental
(hospital) level. Other secondary analyses will include an
analysis of the subcategories of VIE as the outcome; PE
only, all DVT, above knee DVT only and below knee DVT
only and non-VIE-related complications (death, re-op-
eration, readmission and major bleeding rates). Cluster
summary methods will be used for all secondary analyses.

If aspirin is found to be inferior to LMWH, a cost-
effectiveness analysis of aspirin compared with LMWH
will be performed from a health system perspective. Data

for resource use associated with treatments and complica-
tions will be taken from trial data within the AOANJRR.
Survival at lyear and quality of life measured using
EQ-5D at baseline and 6 months will allow calculation of
differences in quality-adjusted life years (QALYs) between
groups. We will calculate the cost per QALY for each treat-
ment comparison as the difference in mean costs divided
by the difference in mean outcomes (quality-adjusted
survival as QALYs) over the duration of the trial, using
regression analysis to adjust for differences at baseline
and clustering by site.

Asubstudy comparing rates of PWD between aspirin and
LMWH groups at two sites participating in the CRISTAL
trial will be performed. The analysis for this study will test
the between-group difference in the proportion of cases
developing PWD postoperatively, using the y” statistic and
a logistic regression model, accounting for confounding
patient and surgical factors (age, body mass index, sex,
American Society of Anaesthesiologists grading, diabetes,
rheumatoid arthritis, liver disease, cardiac disease,
peripheral vascular disease, cerebrovascular disease, type
of joint replacement, tourniquet use, tranexamic acid use
and method of skin closure).

A detailed statistical analysis plan will be published
separately to this protocol.
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Data management, monitoring and sharing

All collected data will automatically be entered in the
online AOANJRR Clinical Trials Platform. Data will be
stored by the AOANJRR, which is required to have highly
secure data protection systems and will be managed by
a separate Data Quality Committee. Data will be made
available to investigators on trial completion. De-identi-
fied datasets and dictionaries will be made available for
further research after trial completion and dissemina-
tion of the results via peer-review journal publication, on
request from the Chief Investigator (IAH).

Given both interventions are commonly used and
recommended treatments, a separate safety monitoring
committee will not be established, no stopping rules will
be used and no interim analysis will be performed. All
outcomes (primary and secondary) will be verified by the
outcome verification committee (see ‘Study governance’
section).

Patient and public involvement

Patients and consumers were involved in the design of the
trial, the design of surveys and the choice of PROMs used
in the trial. Patients and consumers also contributed to
writing of the study protocol for publication.

Study governance

Separate trial management, steering and outcome veri-
fication committees have been established. The steering
committee, consisting of all named authors of this
protocol is responsible for final protocol approval, study
oversight and approval of the principal publication. The
trial management committee (IAH, SEG, VSS, SA, RSdeS,
DA, GO’D, ECG, NLP) is responsible for ethics approval,
liaising with sites (recruitment and maintenance) and
adverse event monitoring.

The AOANJRR has overall responsibility for the study.
The AOAN]JRR is owned by the Australian Orthopaedic
Association (AOA) and is funded by the Australian
Federal Government. The AOA holds General Liability
insurance cover and compensation will be provided to
any patient who suffers harm from trial participation.
Proof of insurance cover has been submitted to all ethics
committees approving the trial.

Ethics and dissemination

Any significant modifications to the trial protocol will be
submitted as formal ethics amendments to lead and site-
specific ethics committees and hospitals and patients will
be informed of these.

A manuscript with the results of the primary study will be
published on trial completion in a peer-reviewed journal.
All authors have contributed sufficiently to this study
protocol and authorship of the final manuscript will be
determined by the International Committee of Medical
Journal Editors criteria. It is anticipated that the findings
will be incorporated into clinical practice guidelines.

The trial has been endorsed by the Australia and New
Zealand Musculoskeletal (ANZMUSC) Clinical Trials

Network indicating its high clinical priority and quality,
importance to consumers, patients, clinicians and policy
makers and its potential to improve patient outcomes.
The protocol manuscript adheres to the ANZMUSC
governance and publication policies as will further trial-
related manuscripts.
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