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ABSTRACT

Objective Limited evidence for the optimal venous
thromboembolism (VTE) prophylaxis regimen in
orthopaedic trauma leads to variability in regimens. We
sought to delineate patient preferences towards cost,
complication profile, and administration route (oral tablet
vs. subcutaneous injection).

Design Discrete choice experiment (DCE).

Setting Level 1 trauma center in Baltimore, USA.
Participants 232 adult trauma patients (mean age 47.9
years) with pelvic or acetabular fractures or operative
extremity fractures.

Primary and secondary outcome measures Relative
preferences and trade-off estimates for a 1% reduction

in complications were estimated using multinomial logit
modelling. Interaction terms were added to the model to
assess heterogeneity in preferences.

Results Patients preferred oral tablets over subcutaneous
injections (marginal utility, 0.16; 95% Cl: 0.11 - 0.21,
P<0.0001). Preferences changed in favor of subcutaneous
injections with an absolute risk reduction of 6.98%

in bleeding, 4.53% in wound complications requiring
reoperation, 1.27% in VTE, and 0.07% in death from
pulmonary embolism (PE). Patient characteristics (sex,
race, type of injury, time since injury) affected patient
preferences (P<0.01).

Conclusions Patients preferred oral prophylaxis and were
most concerned about risk of death from PE. Furthermore,
the findings estimated the trade-offs acceptable to
patients and heterogeneity in preferences for VTE
prophylaxis.

INTRODUCTION

Traumatic injury is a well-described risk factor
for the development of venous thromboem-
bolism (VTE). The incidence of VIE among
trauma patients ranges from 20% to 90%
without any preventative measure.' In addi-
tion, pulmonary embolism (PE) is the third
most common cause of death in patients
who survive the first 24hours following
injury."™ Orthopaedic trauma patients in
particular have several well-known risk factors
for VIE placing them at exceptionally high
risk.? °® Fortunately, chemoprophylaxis has

Strengths and limitations of this study

» This study quantifies patient preferences for venous
thromboembolism prophylaxis in a high-risk and
often difficult to research population.

» The results provide valuable benefit—risk trade-offs
estimates to guide clinicians in a common decisional
dilemma.

» High face validity in the choice sets is demonstrated
by the directionality, magnitude and consistency of
the responses.

» The high response rate captured in this prospective
study reduces response bias present in other survey
methods.

» The choice sets presented to respondents were
hypothetical scenarios, and the respondent’s actual
choices may be different.

been shown to significantly reduce the inci-
dence of VTE in this population.” However,
controversy exists as to the optimal VTE
prophylaxis regimen in orthopaedic trauma
patients.'*™"?

For many orthopaedic populations, the
American College of Chest Physicians
(CHEST) and the Eastern Association for the
Surgery of Trauma recommend enoxaparin
(low-molecular-weight heparin (LMWH)) by
subcutaneous injection for VIE prophylaxis,
butrecentstudies show thatacetylsalicylic acid
(aspirin), an oral tablet, may be an equally
effective alternative with lower risk of bleeding
complications.'”™"  However, only limited
data are available specific to orthopaedic
trauma patients who may have even higher
risk for both VTE events and bleeding.'® The
Orthopaedic Trauma Association Evidence
Based Quality Value and Safety Committee
highlights variability in prescribed regimens
due to the poor scientific support for various
regimens and emphasises the need for guide-
lines to improve patient care.'”

The CHEST guidelines emphasise the need
for systematic reviews of patient values and
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preferences when creating guidelines for specific popu-
lations.'® Creation of guidelines requires making risk
and benefit trade-offs, and patient values regarding VIE
prophylaxis depend on the health outcomes considered.
Furthermore, defining the heterogeneity of preferences
in this patient population is necessary to provide valuable
individualised VTE prevention options. Implementing
guidelines that consider patient preferences may increase
patientsatisfaction with and improve adherence to clinical
treatments.'’ Patient medication refusal is a leading cause
of non-administration of VI'E prophylaxis in inpatients,
and missed doses are highly associated with increased VTE
incidence.*™ In a study of medical and surgical patient
preferences for VIE prophylaxis regimens, the majority
of patients preferred oral administration over subcuta-
neous injection if all other factors were equal.”’ Patients
who preferred subcutaneous administration presumed a
faster onset of action and were less likely to refuse admin-
istration.

Existing VIE prevention studies do not evaluate
patient preferences, investigate acceptable trade-offs of
the risks and benefits of those medications or determine
heterogeneity in preferences based on demographic and
clinical characteristics. The purpose of this study was to
elicit the preferences of orthopaedic trauma patients
toward currently available VITE prophylaxis, examine
acceptable trade-offs of the potential complications
related to those mediations and determine heterogeneity
in preferences among patient subgroups.

METHODS

A discrete choice experiment (DCE) was prospectively
administered to orthopaedic trauma patients at a level 1
trauma centre. DCEs are a quantitative technique used to
measure individual preferences in a variety of healthcare
settings by administering surveys that ask individuals to
choose the best option between two or more hypothetical
scenarios or choice sets.***® Options are described with a
fixed set of attributes levels that vary in each scenario. The
data collected can be used to assess the relative impor-
tance of each attribute and acceptable trade-offs among
attributes. An estimate of preference can be described as
the marginal utility for a given attribute level. Marginal
utility can be positive or negative, with numbers farther
from zero indicating a stronger preference. Monetary
costs can be included to produce willingness-to-pay esti-
mates.

Study setting and population

This study was conducted at the R Adams Cowley Shock
Trauma Centre in Baltimore, Maryland, and received
prior approval by the institutional review board at the
University of Maryland School of Medicine. All adult (>18
years) patients treated with pelvic or acetabular fractures
or an operative extremity fracture were assessed for eligi-
bility from November 2015 to February 2016. Patients
who were unable to consent due to intubation or altered

mental status and non-English-speaking patients were
excluded. On written consent, patients were enrolled
in the study as inpatients or at an outpatient follow-up
appointment within 4 months from their initial admis-
sion for their injury.

Study design

The attributes and their corresponding levels were
selected based on a literature review, patient interviews,
expert consultation and a retrospective review of patient
outcomes. Medication attributes used in the DCE included
medication administration route (oral tablet vs subcu-
taneous injection), cost, possible side effects including
bruising or stomach pain, risk of having a bleeding
complication that requires a blood transfusion, risk of
having a wound complication that requires another oper-
ation, risk of VIE requiring therapeutic anticoagulation
for 6 months and risk of death due to PE. These attributes
were chosen to reflect medication qualities that patients
are aware of when taking medications (route, cost, side
effects) and clinically important outcomes. Values for
these attributes were based on available literature and
clinical experience with two commonly prescribed VIE
prophylaxis medications in this population: LMWH (a
subcutaneous injection) and aspirin (an oral tablet).
Attributes were not reflective of other oral anticoagulants
because those medications are typically used for treat-
ment of VIE events rather than prevention and the focus
of this DCE is preferences for prophylaxis administered
to prevent VIE events.

Forty choice sets were developed using a Bayesian D-op-
timal design with JMP V.12 software (SAS Institute, Cary,
North Carolina, USA) to ensure maximum variation
in attribute comparison. The 40 choice sets were then
randomly divided into four surveys, each with 10 choice
sets, to minimise respondent burden. As documented
by Sandor et al?’ using heterogeneous designs produce
substantial improvements in efficiency over a single survey
and provide more precision in estimating true parame-
ters. Each choice set compared two hypothetical VTE
prophylaxis medications described by their attributes
(figure 1). Patients were randomly assigned one of the
four self-administered surveys. A member of the research
staff was available for questions as the study participant
completed the survey. Demographic data including age,
sex, race (as defined by the participant), type of injury,
Injury Severity Score, American Society of Anesthesiol-
ogists (ASA) physical status, income, health insurance
status, days on prophylaxis and timing of recruitment
(inpatient vs outpatient) were collected from both the
survey and the medical record. The type of VIE prophy-
laxis was not collected as part of the study. However, at
the time of the study, VIE prophylaxis by LMWH was
the standard hospital protocol, and it is reasonable to
assume that this was prescribed to all study participants
unless there was a contraindication.

The target sample size for this study was derived by the
Rule of Thumb calculation described by Orme and our a
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Which medication would you prefer?

Medication A Medication B
Type of daily medication Oral pill Needle injection
What will it cost you $100 $50
Possible side effect None Bruising on leg

10 out of 1000

100 out of 1000

Chance that you will
have a bleeding
complication and need a
blood transfusion

LARARAAAAE]

Chance that you will
have wound
complication and need

another operation
teeee

50 out of 1000

100 out of 1000

LARARARAEL)

Chance that you will
have a blood clot and
have to take
medications for 6
months 1"

20 out of 1000

10 out of 1000

Chance of death due to
a pulmonary embolism

1 out of 1000

1 out of 1000

—

Check one O

Prefer Medication A

Prefer Medication B

O

Figure 1 Sample question from the discrete choice experiment survey administered to participants. In each question, the

values for each hypothetical medication are varied.

priori decision to conduct multiple subgroup analyses.28
Based on this calculation,28 we determined that a sample
of 25 study participants would be required in each possible
subgroup category for adequate statistical power. Given
known proportions of admission data for this population,
a sample size exceeding 200 participants was required to
adequately assess heterogeneity in preferences, particu-
larly on sex, race and health insurance status.

Data analysis

Data collected through the DCE survey allow the quan-
tification of and statistical inference about the relative
importance of VIE prophylaxis medication attributes.
A multinomial logit model,” ** with effect coding, was
used to estimate patient preferences using marginal

utility, willingness to pay (WTP) and acceptable trade-off
estimates for a 1% reduction in VTE complications or
side effects. Marginal utility is a measure of patient
preference, with the estimate signifying the strength
and direction of one’s preference toward the attribute.
With this analysis, we are able to determine the relative
magnitude of patient preferences to avoid VIE-related
complications in association with their medication
choice. Preference heterogeneity was subsequently
assessed by adding an interaction term into the model
with a priori determined variables of interest. These
variables included age (categorised as <40, 40-59, >60),
sex, race, ASA status (<2vs >2), the location of primary
injury (upper extremity vs lower extremity), household
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income (categorised as <$20000, $20000-$49999,
$50000-$74999, >$750000), health insurance status
(any vs none) and the location of recruitment. All data
analysis was conducted using the Choice Modelling
platform in JMP V.12.

RESULTS

Of the 310 patients screened for participation, 50 were
ineligible (40 unable to consent due to altered mental
status, eight non-English speaking, two contraindicated
for VTE prophylaxis) and 28 (11%) patients refused
participation. Of the 232 patients included in the anal-
ysis, the mean age was 47.9 years, with 56.9% male, and
66.8% were white. The majority of participants had
a lower extremity injury (83.6%), with a mean injury
severity score of 11.7, and were fully insured (83.1%)
(table 1).

Patients most strongly preferred a reduction in
risk of death by PE (marginal utility, 4.57; p<0.0001),
distantly followed by a reduction in the risk of VTE
requiring therapeutic anticoagulation, wound compli-
cations requiring another surgery and bleeding
complications requiring a transfusion (table 2).
Patients were willing to pay $1686.90 for a 1% abso-
lute reduction in risk of death due to PE compared
with $92.29 or less for a 1% absolute reduction in any
of the other measured outcome variables. Patients
also preferred to take oral tablets (marginal utility,
0.16; p<0.0001) and were willing to pay $117.45 to
receive prophylaxis via oral route over subcutaneous
injection. Possible medication side effects, such as
stomach pain or bruising, did not significantly influ-
ence patient preferences (p>0.1).

To change patient preference in favour of subcutaneous
injections requires a 6.98% absolute reduction in the risk
of bleeding complications requiring transfusion, a 4.53%
absolute reduction in the risk of wound complications
requiring reoperation and a 1.27% absolute reduction
in risk of VIE requiring therapeutic anticoagulation
(table 3). In contrast, only a 0.07% absolute reduction
in risk of death due to PE was needed to change patient
preference.

In our subgroup analyses examining heterogeneity
in preferences, patients who were female, white or had
lower extremity injuries demonstrated significantly
stronger preference for oral VIE prophylaxis over
subcutaneous injections (p<0.05) (table 4). Patients
with upper extremity injuries valued a reduction in
risk of bleeding complications more than patients with
lower extremity injuries (p=0.01). Patients who were
recruited as an inpatient valued a reduction in risk of
wound complications requiring reoperation more than
patients who were recruited from the outpatient clinic
(p<0.01). There were no other significant associations
between the tested covariates and our included VTE
prophylaxis attributes.

Table 1 Characteristics of orthopaedic fracture participants
(n=232)

Characteristic Mean (SD)
Male, n (%) 132 (56.9)
Age, y 47.9 (17.7)
Race, n (%)
White 155 (66.8)
Black 62 (26.7)
Other 8 (3.4)
Hispanic 7 (3.0)
Primary orthopaedic injury, n (%)
Lower extremity 194 (83.6)
Upper extremity 38 (16.4)
ASA,* n (%)
1 21 (9.1)
2 117 (50.4)
3 81 (34.9)
4 11 (4.7)
Unknown 2(0.9)
Injury Severity Score 11.7 (6.7)
Income, US$, n (%)
<$10000 46 (19.8)
$10000-$19999 20 (8.6)
$20000-$34999 35 (15.1)
$35000-$49999 24 (10.3)
$50000-$74999 26 (11.1)
$75000-$100000 24 (10.3)
>$100000 35 (15.1)
Unknown 22 (9.5)
Health insurance, n (%)
Fully insured 193 (83.1)
Partially insured 12 (5.2)
Uninsured 24 (10.3)
Unknown 3(1.3)
Timing of recruitment, n (%)
Inpatient 78 (33.6)
Outpatient 154 (66.4)

The American Society of Anesthesiologists (ASA) physical status
classification system for assessing preoperative patient fitness.
*Injury Severity Score is a well-validated score that assesses
trauma severity based on a consensus-derived severity score that
classifies each injury from six body regions (head or neck, face,
chest, abdomen, extremities and external). A score greater than 15
is commonly referred to as a major trauma (or polytrauma).

DISCUSSION

Consistent with previous studies,23 our study demon-
strates a strong patient preference for oral VTE
prophylaxis over subcutaneous injection when all other
relevant attributes are equal. However, patients only
required a small reduction in the absolute risk of death
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Table 2 Patient preferences and valuation of venous thromboembolism prophylaxis attributes

Attribute Level Marginal utility 95% CI WTP p Value

Route Oral tablet 0.16 0.11 to 0.21 $117.45 <0.0001
Subcutaneous injection -0.16 -0.21 to -0.11 - -

Side effects Bruising on leg -0.04 —-0.11 t0 0.02 -$45.94 0.11
Stomach pain -0.04 -0.12 t0 0.04 -$44.08 -
No side effects 0.08 0.003 to 0.16 $45.08 -

Bleeding complications requiring Reduce risk by 1% 0.05 0.04 to 0.05 $16.83 <0.0001

transfusion

Wound complications requiring Reduce risk by 1% 0.07 0.06 to 0.08 $25.91 <0.0001

another surgery

Blood clot requiring long-term Reduce risk by 1% 0.25 0.15t0 0.36 $92.29 <0.0001

medication

Death due to PE Reduce risk by 1% 4.57 3.26 to0 5.89 $1686.90 <0.0001

Cost $10 increase -0.03 —0.04 to -0.02 Reference  <0.0001

Marginal utility quantifies the additional satisfaction gained by the patient for each described attribute/level. Negative marginal utility values
signify an aversion to or dissatisfaction with the described attribute/level. All risk reductions are absolute. Willingness to pay for the route and
side effect category is based on the full treatment course, not per dose. Willingness to pay for all other attributes is based on the incremental

change in level.
PE , pulmonary embolism; WTP, willingness to pay.

due to PE to change their preference in favour of a
subcutaneous injection. When choosing between VTE
prophylaxis regimens, patients most valued (in order):
risk of death due to PE, risk of VIE requiring thera-
peutic anticoagulation, risk of wound complications
requiring reoperation and risk of bleeding complica-
tions requiring transfusion. A defined reduction in any
of these outcomes could change patient preference to
favour the subcutaneous injection route. In addition,
underlying patient factors such as sex, race, type of
injury and inpatient status led to significant heteroge-
neity in patient preferences.

To our knowledge, our study is the first to assess the
weight of patient-valued outcomes regarding potential
risks and complications of VIE prophylaxis. The study
also determined patient characteristics associated with
heterogeneity in their preferences. Previous studies
have shown that patient refusal is a common reason
for missed VTE doses and increases the risk of a VITE

Table 3 The absolute risk reduction (ARR) of a potential
complication that a patient would be willing to accept to
change their route preference from oral to subcutaneous
injection prophylaxis

Acceptable
Attribute ARR trade-off
Bleeding complications requiring 6.98%
transfusion
Wound complications requiring another 4.53%
surgery
Blood clot requiring long-term medication 1.27%
Death due to PE 0.07%

ARR, absolute risk reduction; PE, pulmonary embolism.

event.” Patient preference for oral medications is
also well documented.””*! Our study also demonstrates
astrong preference for oral medications, but our results
show that this preference can change if the risk of the
aforementioned patient-important outcomes is high
enough. Patients were particularly concerned about the
risk of death due to PE, requiring only a 0.07% absolute
reduction in risk of death to change patient preference
in favour of a subcutaneous injection. In addition, only
relatively small reductions in the risk of other outcomes
were required to change patient preference. Further-
more, the preference for route varied significantly
depending on the patient’s sex, race, type of injury and
inpatient status.

While the design of the DCE enables the assessment
of risk-benefit trade-offs among subgroups, it does not
allow for qualitative analysis of patient preferences. As a
result, we are only able to speculate as to why patients
valued certain outcomes more than others. In addition,
the choice sets were hypothetical scenarios, and patient’s
actual choices may be different. The greater value placed
on risk of death due to PE compared with other outcome
measures could be a result of death being the easiest
outcome variable for the average patient to understand.
We were unable to control for patient disposition in our
analysis (home vs rehab), but we did compare responses
of inpatients to outpatients. Patients who were recruited
as an inpatient were more concerned about the risk of
reoperation than patients recruited as outpatients, poten-
tially because their injury and initial operation were more
recent in their memory. In addition, study participants
had varying lengths of VTE prophylaxis prescribed at time
of recruitment, and some patients were closer to time of
injury and initial operation than others, although, when
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Table 4 Subgroup analysis quantifying heterogeneity in patient preferences

Marginal
Attribute Level Subgroup utility 95% Cl WTP p Value
Route Take oral tablet Sex (female) 0.07 0.02 to 0.11 $201.24 <0.01
over subcutaneous  sex (male) -0.07  -0.11t0-0.02 $66.79
injection Race (white) 009  003t00.14  $182.23 <0.01
Race (black) -0.09 -0.14 to -0.03 $18.48
Injury (lower extremity) 0.08 0.02t0 0.15 $132.38 0.01
Injury (upper extremity)  —0.08 -0.15 to -0.02 $18.98
Bleeding complications Reduce risk by 1%  Injury (lower extremity) -0.02 —0.03 to -0.003 $14.50 0.01
requiring transfusion Injury (upper extremity)  0.02 0.003 to 0.03 $32.04
Wound complications Reduce risk by 1%  Recruitment (inpatient) 0.02 0.003 to 0.03 $46.32 <0.01
requiring another surgery Recruitment (outpatient) —0.02 ~ -0.03to —0.003  $20.24

Marginal utility quantifies the additional satisfaction gained by the patient for each described attribute/level. Negative marginal utility values
signify an aversion to or dissatisfaction with the described attribute/level. All willingness to pay values are presented in reference to a less
preferred option. For example, both females and males prefer oral tablets compared with a subcutaneous injection. However, females are
willing to pay more for an oral tablet over a subcutaneous injection than males are willing to pay for that same trade-off (oral tablet over
subcutaneous injection). Willingness to pay values for attributes with continuous levels estimate the willingness to pay for an additional 1%

absolute reduction in risk.
WTP, willingness to pay.

assessed, time since injury did not affect patient prefer-
ences.

Some participants had personal experience with one
or more of the measured outcomes, while others had
no history of complications, which we were unable to
control for in our final analysis. In the same manner,
the mean Injury Severity Score (ISS) of our sample was
11.7, likely as a result of many patients having isolated
orthopaedic injuries as well as more severely injured
patients not having the mental capacity to complete the
survey. ISS ranged from 4 to 34, but there is the possi-
bility that our results may suffer from some respondent
bias if trying to extrapolate to a more severely injured
population. Lastly, we did not collect data on patient
education level which could affect the patient’s under-
standing of certain outcomes; however, income and
insurance level may be surrogate markers for education
and were included in the analysis.

In the current era of patient-centred healthcare, it is
important that we consider all outcomes that patients
value and the heterogeneity in those preferences
when conducting clinical comparative effective-
ness research and when making clinical guidelines
in order to improve healthcare delivery and reduce
cost.” ** ¥ Our data demonstrate that orthopaedic
trauma patients prefer VI'E prophylaxis by oral tablet
to prophylaxis by subcutaneous injection when all
other relevant attributes are equal. However, the risk
of death due to PE is the dominant concern when
choosing a regimen. Our study is the first to document
the value patients place on various clinically important
outcomes related to VIE prophylaxis. In addition, we
define the underlying patient factors that contribute
to variation in VTE prophylaxis preferences with

risk—benefit trade-offs among subgroups in this
important area of ongoing debate. In the era of
patient-centred healthcare, future studies and clinical
guideline recommendations comparing available VTE
prophylaxis regimens should focus on the outcomes
most important to patients and incorporate patient
trade-off estimates to ensure their work is reflective of
patient preferences.
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