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Abstract
Objectives: To compare inpatient compliance with venous thromboembolism prophylaxis regimens.

Design: A secondary analysis of patients enrolled in the ADAPT (A Different Approach to Preventing Thrombosis) randomized
controlled trial.

Setting: Level I trauma center.

Patients/Participants:Patients with operative extremity or any pelvic or acetabular fracture requiring venous thromboembolism
prophylaxis.

Intervention:We compared patients randomized to receive either low molecular weight heparin (LMWH) 30mg or aspirin 81mg
BID during their inpatient admission.

MainOutcomeMeasurements: The primary outcome measure was the number of doses missed compared with prescribed
number of doses.

Results: A total of 329 patients were randomized to receive either LMWH 30mg BID (164 patients) or aspirin 81mg BID (165
patients). No differences observed in percentage of patients who missed a dose (aspirin: 41.2% vs LMWH: 43.3%, P= .7) or mean
number of missed doses (0.6 vs 0.7 doses, P= .4). The majority of patients (57.8%, n=190) did not miss any doses. Missed doses
were often associated with an operation.

Conclusions: These data should reassure clinicians that inpatient compliance is similar for low molecular weight heparin and
aspirin regimens.
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1. Introduction
Pulmonary embolism (PE) is one of the most common causes of
death in trauma patients who survive beyond the first 24hours
after injury.[1–4] Orthopaedic trauma patients, in particular, are
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at extremely high risk for venous thromboembolism (VTE).[2,5–9]

Fortunately, VTE chemoprophylaxis can significantly reduce
VTE risk in these patients; however, guidelines on which
prophylaxis regimen is best for this population are ambiguous
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due to limited quality evidence. Treatment courses with LMWH
and aspirin are 2 of the most commonly prescribed regimens.[9–14]

The Eastern Association for the Surgery of Trauma (EAST) and
the American College of Chest Physicians (ACCP) recommend
LMWH for VTE prophylaxis in trauma patients. However, many
orthopaedic surgeons prefer an aspirin regimen based on studies
performed mostly in the arthroplasty literature that have found
aspirin could be equally effective at VTE prevention with reduced
risk of wound and bleeding complications.[12,15–21] As a result,
aspirin is now included in the ACCP guidelines as an option for
chemoprophylaxis after high-risk orthopaedic surgery.[14] Data
specific to orthopaedic trauma patients is limited. As a result, the
Orthopaedic Trauma Association Evidence-Based Quality Value
and Safety Committee reported there exists wide variability in
prescribed regimens and emphasized the need for standardized
guidelines to improve care.[22]

Since trauma patients likely have even higher VTE and
bleeding risk, there is a need to evaluate effectiveness and
complication rates associated with these 2 regimens in this
population. Regimen compliance is critical to preventing VTE
events and should be considered when creating guidelines.
Unfortunately, few studies have evaluated compliance with these
specific regimens in orthopaedic trauma patients during the index
admission and, to our knowledge, there has been no direct
comparison of inpatient compliance with aspirin to LMWH for
VTE prophylaxis in orthopaedic trauma patients.
Given the lack of clear guidelines, known difficulties with

compliance, and large differences in baseline characteristics of the
medications used for prophylaxis, an in-depth comparison of
compliance with these medications is needed. This comparison
will be helpful for clinicians to understand barriers to treatment
and for researchers who take an explanatory approach to
comparing the effectiveness of these medications in the future.
The objective of this study was to compare overall compliance
with our institution’s inpatient VTE prophylaxis guidelines for
aspirin versus LMWHVTE prophylaxis regimens in orthopaedic
trauma patients. The secondary objective was to identify factors
associated with missed VTE prophylaxis doses and the
discontinuance of VTE prophylaxis in this patient population
including factors related to patient compliance as well as barriers
to provider or system compliance with guidelines. We hypothe-
sized that VTE prophylaxis compliance would be lower in the
LMWH group than in the aspirin group.
2. Materials and methods

This study was conducted as a secondary analysis of patients
enrolled in the ADAPT (A Different Approach to Preventing
Thrombosis) randomized controlled trial as registered on
clinicaltrials.gov (Identifier: NCT02774265).[23] All adult (age
≥18years) trauma patients presenting to the R Adams Cowley
Shock Trauma Center from January 19, 2016 to October 31,
2016 with an operative extremity fracture proximal to the
metatarsals/carpals or any pelvic or acetabular fracture requiring
VTE prophylaxis were included in the trial. Prisoners, pregnant
patients, non-English-speaking patients, and patients on pre-
existing anticoagulation (not including antiplatelet agents), with
an indication for therapeutic anticoagulation or aspirin dose
greater than 81mg daily, or with a contraindication to either
prophylaxis regimen were excluded. Eligible patients were
approached on admission and before the third dose of
prophylaxis. Informed consent was obtained as required for
2

all enrolled patients. This study was approved by our
Institutional Review Board (IRB).
Enrolled patients were randomized to receive either LMWH

30mg BID (with allowance for dose adjustment according to
body mass index) or aspirin 81mg BID for the remainder of their
VTE prophylaxis course. BID dosing is administered at 10 AM and
10 PM typically at our institution. However, for patients who have
a dose of medication automatically held in a procedure, a
provider can reschedule the dose to occur before or after the
procedure if noticed and desired. Of note, aspirin is not
considered a standard of care treatment regimen at this time in
polytrauma patients and the off-label use of 81mg aspirin for the
indication of VTE prophylaxis was approved by the IRB of
record. Randomization was carried out in the study’s REDCap
database at the time of consent with 1:1 allocation ratio and
block sizes of 6. After randomization, the study team notified the
clinical team of the patient’s enrollment status and treatment arm.
The clinical team was responsible for ordering the chemopro-
phylaxis for study patients. The study team, clinical team, and
patients were not blinded to their treatment arm. Of 482 patients
whomet the eligibility criteria, 329 (68.3%) patients consented to
enroll in study: 164 randomized to LMWH and 165 to aspirin
(Fig. 1).
The timing of initiation and duration of prophylaxis was

determined by the treating physician as indicated by the patient’s
injuries and clinical course. Enrolled patients were followed
prospectively during their inpatient admission. A general surgery
resident with experience rotating on the trauma service
performed, at a minimum, once daily checks of patient orders
and the medication administration record. The timing of
prophylaxis initiation, number of missed doses, reasons for
missed doses, and reasons for discontinuation, delay, or
physician holding of prophylaxis were recorded. In addition,
data on the doses of nonallocatedmedications with the reason for
administration were collected. Any time an ordered dose is
missed, the study center’s medication administration record
requires the nurse enter a reason the dose was held. This
documented reason was used to determine why the dose was
missed. Cases with an uncertain reason for missed prophylaxis or
administration of nonallocated prophylaxis were discussed on a
daily basis with the primary clinical team and nursing staff.
Our primary outcomemeasure was the number of dosesmissed

comparedwith the number of prescribed doses. Intention-to-treat
analysis was performed. Patient demographics, clinical character-
istics, and compliance were compared by intention-to-treat
regimen group using Student t tests for normally distributed
continuous variables and Wilcoxon rank-sum tests for nonpara-
metric continuous variables. Fisher exact tests and Chi-squared
tests were used to compare nominal data.
3. Results

Three hundred twenty-nine patients were enrolled (164 LMWH,
165 aspirin) (Fig. 1). The majority of participants were male (n=
223, 67.8%) with a mean age of 46.7years (range 18–93, SD
19.5), mean Injury Severity Score (ISS) 11.0 (range 1–41, SD 6.2),
and a median Trauma and Injury Severity Score (TRISS) of 0.99
(range 0–0.996). Overall, 26.5%hadmultiextremity orthopaedic
trauma. The baseline characteristics were similar between the 2
treatment groups, with the exception of patient sex (P= .06) and
the proportion of patients with peptic ulcers (P= .02) (Table 1).
Patients were inpatients for a median of 9days (range 0–43, mean
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Figure 1. CONSORT diagram.

Haac et al OTA International (2021) e150 www.otainternational.org
9.6days), with no difference between the treatment groups
(LMWH, 9.8days ± 7.3; aspirin 9.6days ± 7.3, P= .86).
VTE prophylaxis was initiated on average within the first 48

hours in the hospital course, and slightly faster for the LMWH
group (LMWH: 0.9days vs. aspirin: 1.2days, P= .01) (Table 2).
Overall, patients were on inpatient VTE prophylaxis for 9.7days
(SD 7.3), with no difference between the treatment groups
(P= .86). Overall, patients missed less than 1 dose (mean 0.6, SD
0.9), with no observed difference between the LMWH group
(mean 0.7, SD 1.0) or aspirin group (mean 0.6, SD 0.8, P= .45).
Of total number of prescribed inpatient doses, 3.9% were missed
with no difference between the groups (LMWH 4.3% vs. aspirin
3.5%, P= .30).
The most common reason for missed inpatient VTE prophy-

laxis was perioperative holding of prophylaxis (n=136, 66.0%)
(Table 3). Of note, typical practice at the study institution is to
not hold aspirin doses preoperatively since the half-life is long
enough that holding 1 dose would not have an effect. For
LWMH, the decision to hold a perioperative dose is at the
discretion of the clinical treating team and depends on the
planned operation. The inability to administer enteral medication
was an issue specific to patients on aspirin VTE prophylaxis
(aspirin: 15.5% vs. LMWH: 0%, P< .01). The most common
reason for the inability to administer enteric aspirin was
physician ordering error in which the wrong form or route of
3

the drug was ordered (eg, oral administration in a patient who is
intubated with no feeding tube instead of per rectum).
Only 6.1% (n=20) of patients had their assigned prophylaxis

stopped during their inpatient course with no significant
difference between treatment arms (P= .1). The most common
reason for stopping prophylaxis was a new indication for
therapeutic anticoagulation (60.0%) (Table 4).
Finally, 10.6% of patients (n=35) received at least 1 dose of

the nonassigned prophylaxis regimen postrandomization with-
out a medical indication for the change in prophylaxis. However,
no significant difference was observed in inpatient crossover rates
between treatment arms (P= .6).
4. Discussion

Poor medication adherence is a well-described problem resulting
in billions of dollars per year in excess health care costs, and care
in the trauma patient population is notorious for low compli-
ance.[24–26] Lack of compliance with VTE prophylaxis can have
particularly concerning consequences including fatal PE. In the
ongoing debate on what is the best VTE prophylaxis regimen in
the orthopaedic trauma population, it is important to consider
compliance in addition to efficacy. To our knowledge, this is the
first study to directly compare inpatient compliance with 2 of the
most commonly prescribed VTE chemoprophylaxis regimens

http://www.otainternational.org


Table 1

Baseline characteristics

Aspirin
(n=165)

LMWH
(n=164)

Total
(n=329)

Age (years) 48.0 (18.6) 45.4 (20.4) 46.7 (19.5)
Sex
Male 104 (63.0) 119 (72.6) 223 (67.8)
Female 61 (37.0) 45 (27.4) 106 (32.2)

Race
White 106 (64.2) 97 (59.5) 203 (61.9)
Black 45 (27.3) 53 (3.3) 98 (29.9)
Hispanic 5 (3.0) 2 (1.2) 7 (2.1)
Mixed 3 (1.8) 6 (3.7) 9 (2.7)
Other 6 (3.6) 5 (3.1) 11 (3.3)

Current smoker 65 (39.3) 62 (38.3) 127 (38.8)
History of VTE 8 (4.8) 7 (4.3) 15 (4.6)
Comorbidities
Peptic ulcer 12 (7.2) 3 (1.8) 15 (4.6)
Diabetes 17 (10.3) 16 (9.8) 33 (10.0)
Active cancer 5 (3.0) 2 (1.2) 7 (2.1)
Immunosuppressed 8 (4.8) 9 (5.5) 17 (5.2)

Additional medications
Aspirin, daily preinjury 22 (13.3) 23 (14.0) 45 (13.7)
Plavix, preinjury 1 (0.6) 2 (1.2) 3 (0.9)
OCP/estrogen 3 (1.8) 3 (1.8) 6 (1.8)

BMI
Underweight (<18.5) 6 (3.7) 4 (2.5) 10 (3.1)
Normal weight (18.5–24.9) 57 (35.0) 57 (35.0) 114 (65.0)
Overweight (25.0–-29.9) 47 (28.8) 53 (32.5) 100 (30.7)
Obese (≥30.0) 53 (32.5) 49 (30.1) 102 (31.3)

ISS 11.0 (6.6) 11.0 (5.7) 11.0 (6.2)
Mechanism of injury
Blunt 148 (97.4) 147 (94.2) 295 (95.8)
Penetrating 2 (1.3) 7 (4.5) 9 (2.9)
Other 2 (1.3) 2 (1.3) 4 (1.3)

Open fracture 37 (22.4) 39 (23.4) 76 (23.1)
Fracture location
Upper extremity 42 (25.5) 41 (25.0) 83 (25.2)
Lower extremity and pelvis/acetabular 154 (93.3) 149 (90.9) 303 (92.1)
Multi-limb 43 (26.1) 44 (27.0) 87 (26.5)

Nonorthopaedic injury (AIS ≥2)
Abdomen 17 (10.3) 14 (8.5) 31 (9.4)
Head 35 (21.2) 36 (22.0) 71 (21.6)
Chest 39 (23.6) 43 (26.2) 82 (24.9)
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(twice daily LMWH and twice daily aspirin) in the orthopaedic
trauma population.
Previous studies have reported low overall compliance rates

with ACCP guidelines with the majority of at-risk patients who
subsequently develop a VTE failing to receive appropriate ACCP-
recommended prophylaxis during their index admission.[27–32] In
the outpatient setting, studies in orthopaedic patients have
demonstrated varying nonadherence rates to LMWH (up to
40%) with patients missing up to 50% of their doses.[32–36]
Table 2

VTE prophylaxis dosing characteristics

Dosing characteristic
(n

Days from admission to allocated prophylaxis administration, mean (SD) 1
Total number of inpatient days on prophylaxis, mean (SD) 9
Number of missed inpatient doses, mean (SD) 0
Proportion of inpatient doses missed, mean % (SD) 3

4

Compliance in our study was higher than previously reported.
VTE chemoprophylaxis was initiated early in the hospital course,
and missed doses were uncommon. Doses of nonallocated
prophylaxis without a clinical indication for the change in
prophylaxis were also relatively low at just below 11% of
patients receiving a dose of nonallocated VTE prophylaxis. The
higher compliance seen in our study could be a result of
Hawthorne effect because of the prospective study design. As part
of the study protocol, rounding lists for the trauma teams were
updated to include assigned VTE prophylaxis, and daily checks
of patient orders and medication administration records were
performed. When prophylaxis initiation was delayed, doses were
missed, or orders were discontinued for unclear reasons the
clinical team was contacted to provide a reason. This notification
could alert a team of potential noncompliance on a daily basis
allowing for the team to correct any errors in medication orders.
Clinicians could consider integrating similar measures into daily
care outside of this study to improve compliance and ultimately
reduce VTE event rates since delays in chemoprophylaxis
initiation and missed doses are associated with increased VTE
events.[29,30,37] Alternatively, the greater percentage of missed
doses reported in previous studies could be because some of those
studies retrospectively reviewed charts of patients who developed
VTE. Since missed doses are associated with increased VTE event
rates, compliance is likely lower in that population.
We did not observe a significant difference in compliance

between regimens. LMWH chemoprophylaxis was initiated
slightly earlier than aspirin chemoprophylaxis, but there was no
difference in duration of chemoprophylaxis or number of missed
doses during the index admission. The small difference in timing
of initiation might be because LMWH was our center’s standard
of care choice of prophylaxis before study initiation. Chemopro-
phylaxis doses were most commonly missed in the perioperative
period either because a nurse decided to hold the prophylaxis
dose before surgery or because the patient was in the operating
room at the time the dose was due. The independent decision to
hold prophylaxis by a nurse could actually cause harm by
withholding the medication when the patient needs it most and is
an area for potential education to improve compliance and VTE
outcomes. Patient refusal, conversely, was a much less common
reason for missed doses than that reported in the literature.
Shermock et al[27] reported that almost half of all missed
prophylaxis doses were a result of patient refusal. This
discrepancy could be due to selection bias in which patients
who are more likely to refuse chemoprophylaxis might have
refused to participate in the study. Alternatively, the informed
consent process can lead to aHawthorne effect where patients are
less inclined to refuse chemoprophylaxis after receiving education
on the reason for prophylaxis including prevention of fatal PE. If
this is the case, interventions to provide patient education and
medication awareness on admission could be another mechanism
to improve inpatient compliance.
All
=29)

Aspirin
(n=165)

LMWH
(n=164) P value

.0 (0.8) 1.2 (0.8) 0.9 (0.8) .01

.7 (7.3) 9.6 (7.3) 9.8 (7.3) .86

.6 (0.9) 0.6 (0.8) 0.7 (1.0) .45

.9 (7.2) 3.5 (6.5) 4.3 (7.9) .30

http://www.otainternational.org


Table 3

Most common reasons for missed inpatient VTE prophylaxis doses

Reasons for missed doses All
Missed doses

(n=206)

Aspirin
Missed doses

(n=97)

LMWH
Missed doses

(n=109) P value

In a procedure or awaiting a procedure that requires prophylaxis to be held, n (%) 136 (66.0) 57 (58.8) 79 (72.5) .05
Systematic issue, n (%) 30 (14.6) 16 (16.5) 14 (12.8) .58
Patient refused dose, n (%) 25 (12.1) 9 (9.3) 16 (14.7) .33
Inability to administer enteral medication, n (%) 15 (7.3) 15 (15.5) 0 (0) <.01
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Reasons for missed doses did not differ between regimens,
except only patients on the aspirin regimen missed doses because
of an inability for enteric administration usually caused by a
physician ordering the incorrect form or route of the dose. The
study allowed for any available route of administration including
oral, crushed through a feeding tube and rectal. This barrier is
one that would need to be addressed in future studies on efficacy
and in practice with provider education if the aspirin regimen is
used. A nonsignificant trend toward the LMWH group having
more perioperative missed doses was also observed.
Surprisingly, no differences in refusal rates between regimens

were observed in our study. Previous studies have documented a
strong patient preference for medications with oral administra-
tion over subcutaneous injection, raising the question of whether
administration route might contribute to poor adherence.[29,38–
40] However, existing studies comparing adherence patterns with
oral vs. injected chemoprophylaxis regimens are few with mixed
results. Berggvist et al found that injection was not a barrier to
good compliance, whereas Peidro-Garcés et al found patients on
an oral regimen were more compliant.[35,36] We found that
patients on the aspirin regimen refused medication doses just as
frequently as patients randomized to the LMWH regimen. The
lack of association of route with refusal rates in our study might
again be caused by a combination of selection bias and patient
education during the informed consent process. A previous study
at our center found that patients were quick to change their
medication route preference for only a small reduction in risk of
fatal PE.[40] Perhaps educating patients on the risk of fatal PE
without chemoprophylaxis negates any pre-existing medication
route preference.
As part of a pragmatic trial, our study did not include a built-in

protocol for when patients refused a dose. Typically at our
institution, the nurse will go to administer the medication and if a
patient refuses the nurse will document the refusal. The nurse
may choose to notify the resident or midlevel provider of the
refusal but there is no guarantee that this happens each time a
dose is refused. Once a provider is notified, he or she may discuss
Table 4

Reasons for stopping inpatient VTE prophylaxis by treatment arm

Reasons for stopping allocated regimen

New indication for therapeutic anticoagulation, n (%)
Patient refusal of further injections, n (%)
Accidental prescription of non-allocated prophylaxis, n (%)
Acute kidney injury, n (%)
Change in regimen by attending surgeon for sterile wound drainage, n (%)
Gastrointestinal bleed, n (%)
Study withdrawal due to family concerns about medication efficacy, n (%)

5

risks and benefits of such refusal with a patient, but again this is at
the discretion of the individual provider. One limitation of this
pragmatic study was that we were unable to track the response to
refusal patterns.
Strengths of this study include the prospective randomized

design and the large sample size in this complex patient
population. Our study was limited by its single-center design.
It was conducted at a high-volume academic level I trauma center
and might not be generalizable to other health care systems or
different patient populations. As mentioned earlier, compliance
rates in the study could also be falsely elevated as a result of
selection bias and Hawthorne effect from study interventions.
However, any improvement in compliance caused by these
factors would most likely affect compliance rates with both
regimens equally. Finally, this study was a secondary analysis of
the ADAPT randomized control trial andmight be underpowered
for some results and was not powered to determine effect of
noncompliance on VTE event rates. However, previously
published studies[30,31] have shown a direct correlation between
missed doses and VTE events so although we did not power our
study to evaluate for this outcome, we would expect noncompli-
ance to affect VTE event rates. Despite these limitations, our
study addresses an important question that could affect the
efficacy of chemoprophylaxis and the results should be
considered when creating guidelines for this patient population.
5. Conclusion

In conclusion, inpatient VTE prophylaxis compliance was similar
for aspirin andLMWHin this randomized trial.Missed doseswere
most often associated with an operative procedure; however,
patient refusal and inability to give enteric medications also
contributed. Percent of patients receiving nonallocated chemopro-
phylaxiswas relatively lowat around11%.These data should help
reassure clinicians that thesemedicines likely have similar inpatient
compliance and also prove crucial to investigators designing larger
trials to explore the efficacy of these medicines.
All
(n=20)

Aspirin
(n=6)

LMWH
(n=14) P value

12 (60.0) 4 (66.7) 8 (57.1) .19
2 (10.0) 0 (0) 2 (14.3) .25
2 (10.0) 0 (0) 2 (14.4) .25
1 (5.0) 0 (0) 1 (7.1) .50
1 (5.0) 0 (0) 1 (7.1) .50
1 (5.0) 1 (16.7) 0 (0) .50
1 (5.0) 1 (16.7) 0 (0) .50
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