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Aim: Among hospitalized patients, venous thromboembolism (VTE) is a preventable cause of morbidity
and mortality. This study analyzed the effects of a large-scale adoption of a prompt response and
education protocol to increase VTE prophylaxis adherence in the USA. Methods: A Markov model was
developed that simulates outcomes and costs of delivering a VTE education bundle versus not, to
hospitalized at-risk patients. Results: The education bundle could avert more than 134,000 VTEs, 552,000
hospital days and 19,000 deaths over 5 years. Patients could save 13 million hours in work absenteeism
and travel time, valued at US$237 million. Total societal savings could amount to US$2.8 billion. In scenario
analyses with assumed lower-effectiveness estimates, the bundle averts 16,000 VTEs, 67,000 hospital
days and 2000 deaths. Conclusion: A nationwide rollout of an education bundle to reduce missed doses
of prescribed prophylaxis could improve quality of care, resulting in a decline in VTEs and mortality.

Plain language summary: In a previous study, an education bundle was designed to increase
administration of medication to prevent blood clotting among hospitalized patients at risk of venous
thromboembolism (VTE). The education bundle led to a decrease in patients missing those needed doses
of medication. The current study estimates the economic impacts of a nationwide rollout of the education
bundle for patients at risk of VTE. The results show that if the education bundle were rolled out nationally,
it could result in 134,000 fewer VTEs, 552,000 fewer days spent in the hospital and 19,000 fewer deaths
over 5 years. As a result of reduced medical care, less time off work, and informal caregiving needed,
societal cost savings could be as much as US$2.8 billion.

Tweetable abstract: A Markov model was designed to estimate a nationwide rollout of an education
bundle that increased appropriate administration of prophylaxis for patients at risk of venous
thromboembolism (VTE). Results suggest that universal exposure to the bundle could decrease societal
costs.
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Background
Approximately 500,000 venous thromboembolism (VTE) events occur in the USA annually, half of which are
associated with a recent hospitalization [1]. The economic burden and health consequences of VTEs are significant.
Incident VTEs account for approximately US$7 billion to $10 billion in annual health spending [21. The devel-
opment of VTE is also associated with heightened mortality risk directly attributable to the VTE. Alotaibi and
colleagues [3] found a 9.2% case fatality rate in the year following the formation of VTE. Other research points to
much higher mortality rates as a result of VTE, suggesting that these data may underestimate mortality [4].
Physician guidelines note that hospital-acquired VTEs are preventable and strongly recommend the use of
anticoagulants for prophylaxis for at-risk hospitalized patients [5]. Despite these guidelines, non administration is
common and associated with VTE formation [6]. Non administration is defined here as any prescribed VTE pro-
phylaxis dose that is not administered. Research has found that non administration of pharmacologic anticoagulants
for prophylaxis increases alongside increased prescription of VTE prophylaxis, suggesting a need for interventions  Fytyre =,
specifically targeting non administration of anticoagulants for prophylaxis 7. A study of rates of adherence to VITE  Medj ciné
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prophylaxis administration found patient refusal to be the most common reason for non administration (8]. This
finding suggests the need for educational interventions aimed at reducing patient refusal and nurse non adminis-
tration to improve adherence to guidelines [9], in which optimal VTE prevention care is delivered consistent with
individual risk and patient preference.

The VTE education bundle

Haut and colleagues [10] studied the effect of real-time delivery of a patient-centered education bundle on non ad-
ministration of low molecular weight heparins. The study consisted of 19,652 adult patient visits in medical and
surgical units in the Johns Hopkins Hospital in Baltimore, Maryland. The intervention consisted of a real-time
alert system that would page and email a health educator when a bedside nurse documented non administration of
a prescribed dose of VTE prophylaxis. If the alert resulted from bedside nurse non administration, the bundle was
delivered to the bedside nurse. The education bundle delivered information to patients via three methods, based
on patient preference: a face-to-face discussion with the health educator, a two-page paper handout or a 10-minute
educational video [11]. Each method provided patients with information about VTE, the mortality rate associated
with VTE, its long-term complications, signs of its formation, tools to aid in its prevention and methods to handle
VTE after formation.

A convenience sample of two surgical and two medical units was chosen to receive the intervention, and the
hospital’s remaining five surgical and seven medical units did not receive the intervention. The overall proportion
of VTE events decreased among all patients from the preintervention to postintervention periods; VTE events
decreased by 40.0% in the intervention group and 16.6% in the comparison group, although neither decrease
was statistically significant. The intervention did significantly decrease the conditional odds of VTE prophylaxis
nonadministration from preintervention to postintervention periods: 9.1% (95% CI: 5.2-16.2%) versus 5.6%
(95% CI: 3.1-9.9%; odds ratio [OR]: 0.57, 95% CI: 0.48-0.67) compared with no change on control units,
13.6% (95% CI: 9.8-18.7%) versus 13.3% (95% CI: 9.6-18.5%; OR: 0.98, 95% CI: 0.91-1.07); p < 0.001
for interaction. The intervention demonstrated improved quality of care and is in line with recommendations of a
review of VTE prevention in emergency general surgery [12]. To reduce preventable harm, clinicians should ensure
that patients receive all prescribed prevention therapies, or ‘defect-free care’ [13]. By reducing nonadministration,
this education bundle aided defect-free care and aimed to improve adherence to guidelines.

Methods

An impact analysis was conducted to estimate the effects of a hypothetical national implementation of the real-
time, patient-centered education bundle designed by Haut and colleagues [10. A Markov model was constructed
in Microsoft Excel (version 2012) to simulate patient outcomes and related medical and nonmedical costs of
implementing the VTE education bundle compared with not implementing the bundle, referred to here as the
control. Patients cycle through the six-state Markov model using transition probabilities informed by the literature;
see Figure 1 for the model figure, Supplementary Table 1 for model inputs and the following section for a description
of how patients cycle through the model.

564

J. Comp. Eff. Res. (2022) 11(8) future science group



An impact evaluation of an education bundle for patients at risk of developing venous thromboembolism

State transition model overview

All patients start out hospitalized and at risk of developing VTE. The population modeled are those who would
be prescribed anticoagulant prophylaxis for hospital-acquired VTE prevention and therefore are eligible to receive
the education bundle intervention if a dose is missed. In the intervention group, patients receive the education
bundle if they miss a dose of medication; in the control group, patients do not receive the bundle if they miss a
dose, increasing their probability of developing VTE predischarge. If they develop VTE predischarge, surviving
patients transition to the post-VTE health state, where they remain unless they have a recurrent VTE. If patients
do not develop VTE predischarge, they transition to the no-VTE health state, where they remain unless they
develop a hospital-related VTE (related to the initial hospitalization). If patients develop a hospital-related VTE,
they transition to the hospital-related VTE health state, where they remain for one cycle; survivors then transition
to the post-VTE health state as described previously (Figure 1). The probability of moving from the hospitalized at
risk of VTE state to developing a VTE varies for surgical /trauma and medical patients. Mortality is modeled using
background mortality (applied to all health states), hospital-related (applied to the initial hospitalization only),
VTE-related (applied to those who develop a VTE) and post VTE-related (applied to the post-VTE health state)
mortality rates.

Outcomes such as VTE events, hospital days and mortality were included, as were medical, nonmedical, patient,
family and employer costs. The base-case analysis took a societal perspective, which incorporates patient and
caregiver time and out-of-pocket expenses, an estimate of absenteeism costs from the employer’s perspective,
and payer and provider costs. The model took a 5-year time horizon using 3-month cycle lengths. All costs are
reported using 2020 prices. Healthcare cost estimates from earlier years were inflated using a price index for health
expenditures [14]. This research was conducted according to the principles in the Declaration of Helsinki.

Model parameters
Model inputs were collected from publicly available data sources, peer-reviewed literature and clinical expert input.
Supplementary Table 1 provides a full list of these inputs.

Population parameters

The model follows a single cohort over a 5-year time horizon. The cohort represents the hospitalized US population
at risk for developing VTE. An estimated 12 million patients a year experience a procedure or medical event during
hospitalization that puts them at risk of VTE [15]; these 12 million patients cycle through the model and accumulate
costs and outcomes. These 12 million patients were split into two risk groups of 4.3 million surgical patients
and 7.7 million medical patients [15]. Patients in these risk groups were subsequently assigned differing VTE risk
estimates, following the literature. Because the study was modeling patients at increased risk of VTE, more potential
VTEs could be prevented by the intervention than would be present in the general hospitalized population. Patients
entered at age 55 years, which was the average age of patients participating in the VTE education bundle study [10].

Healthcare utilization parameters

For patients who received the intervention, the average reduction in pharmacologic missed doses was calculated
as 0.632 doses per patient using estimates from Haut and colleagues [10], and the cost of the additional dose per
participant receiving the intervention was modeled. The decrease in VTE events as measured by administrative codes
(PSI-12, Perioperative Pulmonary Embolism or Deep Vein Thrombosis Rate) observed by Haut and colleagues [10]
was not found to be statistically significant.

Although Haut and colleagues [10] were significantly powered to observe a statistically significant change in the
rate of prophylaxis administration, the study was underpowered to observe a significant decline in VTEs within
and across VTE risk groups, and few VTEs were observed in the trial. Louis and colleagues found a statistically
significant association between missed doses of prophylaxis and VTEs among trauma and general surgery patients,
in which 23.5% of trauma and general surgery patients who missed at least one dose of prophylaxis experienced
a VTE compared with 4.8% of patients who missed zero doses [6]. Estimates from Louis and colleagues (6] were
applied to the 4.3 million general surgery patients in the at-risk for VTE population, and estimates from Haut
and colleagues [10] were applied to the rest of the at risk for VTE population to estimate the rates of patients
experiencing VTEs across risk groups in the intervention and control. Total hospital days, VTE events and VTE
follow-up visits made up the remaining outcome parameters. A shorter length of stay (LOS) was modeled for
patients not experiencing VTE during initial hospitalization. Patients experience an estimated 2.89 additional
follow-up visits per VTE event [16]. Supplementary Table 1 provides the full list of model parameters.
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Mortality

Patients can die at any point as they transition through the model. Background mortality was applied to all health
states, and event-specific mortality was applied to the relevant health state. Event-specific mortality rates included a
general hospital-related rate (for initial hospitalization that did not result in VTE), VTE-specific rate (for all initial
hospitalization VTEs and future VTEs) and increased risk of mortality following VTE applied to the post-VTE
health state.

Healthcare cost parameters

Direct medical costs include cost of hospitalization, post-VTE medical costs, and cost of the additional pharmaco-
logic prophylaxis dose in the intervention arm. Out-of-pocket costs for inpatient stays were estimated by creating
an out-of-pocket cost to total cost ratio, constructed from the ratio of total costs to out-of-pocket costs for all
medical events in the Medical Expenditure Panel Survey (MEPS). This ratio was multiplied by the total cost of
inpatient stays found by Cohoon and colleagues [17].

Provider (intervention) cost parameters

The original Haut and colleagues study [10] had a dedicated health educator who delivered the intervention. In
a later dissemination study [18], all floor nurses received training and delivered the intervention, because most
hospitals would not hire a new health educator just to deliver this intervention. It was assumed that removing the
dedicated health educator did not affect the observed decrease in VTE events used in the model. The responsibility
of delivering the intervention was assumed to be split by all nurses providing care for the at-risk population (see
all other assumptions in Supplementary Table 2). Nurses would be required to undergo a one-time, 30 min online
training to deliver this intervention. Material costs modeled included the cost of printing the paper handout given
as an option for the education bundle. The other options for providing the intervention were assumed not to incur
any costs because face-to-face discussion was assumed to be a standard nurse responsibility and the educational
video was made freely available on the internet. Intervention costs include nurses’ wages (for the time spent in
training), the cost of the online training, and the paper and printing costs for the education bundle. The cost
of the training module for providers was estimated to be approximately US$11 per nurse. Other intervention
costs included the cost of implementing the real-time alert system in hospitals. These costs were calculated based
on author’s assumptions of time to implement the real-time alert system at the wage of a software developer [19].
Maintenance costs were also included for each subsequent year. These costs were assumed across all US hospitals [20].

Patient time, travel & productivity cost parameters

Patient time, travel and employer productivity cost parameters were estimated between the control and intervention
arms. Patient time included time spent receiving VTE-related medical care, including time in the hospital and
follow-up visits. Patient total time and absenteeism time were estimated from average LOS for VTE and non-VTE
hospitalization. Absenteeism time was estimated as a 5-day workweek of 40 h. Productivity loss to employers was
estimated by multiplying the labor force participation rate among Americans aged 55 years and older [10] by the
estimated absenteeism hours resulting from hospitalization and follow-up visits and an average patient wage of
US$35.96 211. A similar estimate was created for productivity losses to patients’ families and friends serving as
caregivers. The caregiver wage rate used was an estimate of the median wage for nursing and home health aides [21].
Travel costs were estimated using a nationwide median distance between patients’ homes and the closest hospital [22],
a standard mileage rate of 59 cents per mile for 2020 from the Internal Revenue Service [23] and the number of
follow-up visits for patients who experience VTE (estimated from the work of Spyropoulos and Lin [16]). Please see
Supplementary Table 1 for a table of all parameter values and their sources.

Model assumptions
The model required several assumptions, listed in Supplementary Table 2.

Sensitivity analyses
One-way & probabilistic sensitivity analyses

To explore uncertainty in the model estimates, one-way analysis and probabilistic sensitivity analysis (PSA) were
performed. One-way sensitivity analysis involved varying each model input, one at a time, to determine how each
input affected total costs. The results are presented graphically as a tornado diagram identifying primary cost drivers
in the model. PSA was conducted to allow for uncertainty in the estimation of all parameters within the model.
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Each input parameter was assigned a probability distribution and a range for which the default input would vary
in PSA. The range was informed by 95% Cls found in the literature, a credible range, or a 20% increase and
decrease in the default input. PSA jointly varied model inputs over 1000 simulations from these distributions to
estimate the average VTE events, hospital days, mortality, medical costs and nonmedical costs for each group.
Then, 95% credible range estimates were calculated for each model outcome based on these results. Additional
analyses examined time horizons from 1 to 10 years.

Scenario analyses

There is a dearth of evidence surrounding the quantitative relationship between missed doses and the effectiveness
of VTE prophylaxis. Only two studies examining this relationship were identified: a case—control study [24] and
a prospective study [6]. Potential upper and lower bound scenario analyses were performed using effectiveness
estimates from the prospective study [6], where a significant decline in VTEs was observed for those who did not
miss any doses of pharmacologic VTE prophylaxis. Louis and colleagues 6] observed VTEs in 23.5% of participants
who missed one or more doses versus 4.8% who did not miss any doses (p < 0.01). These estimates were used to
inform an upper bound effectiveness scenario for the population at risk for VTE over a 1-year time horizon (risk
of in-hospital VTE of 23.5% applied to control and 4.8% applied to intervention). A lower bound effectiveness
scenario was modeled to reflect minimal difference between surgical/trauma and medical patients (6.0% risk in
control vs 5.0% risk in intervention).

Results

Model results show a decline in hospital-related VTE events from 1,500,000 to 1,365,000 (a 9% decrease) over
5 years as a result of nationwide implementation of the education bundle. This decline in VTE events results in
more than 552,000 fewer days spent in the hospital (95% CI: 402,000-1,049,000) and 19,000 fewer deaths (95%
ClI: 14,000-38,000) over 5 years. The intervention reduces total missed pharmacologic doses by 7,641,609. Total
societal costs decrease by US$2.8 billion (95% CI: $1.5 billion—$4.5 billion) in health-related spending. Of this
decrease in societal cost, approximately US$2.7 billion is attributable to decreased direct medical costs (Table 1).

Provider (intervention) costs total an additional US$321 million (95% CI: $456 million-$215 million)
over 5 years. Most of these costs come from implementing the alert system (US$116 million), nurse training
(US$205 million) and printing (US$73,000), equating to approximately US$27 per patient. From the patient
perspective, patients save 13 million hours (95% CI: 9,935,000-25,626,000) of lost time, equating to 1.3 mil-
lion fewer hours absent from work. Decreased travel costs from fewer follow-up post-VTE visits save patients
approximately US$1.6 million. Patients in the intervention also experience fewer total costs as a result of reduced
hospitalization, with savings of about US$235 million, or US$20 per patient.

In the control group, payers spend approximately US$163 billion in direct medical costs for patients with or
at risk of VTE. In the intervention group, this amount decreases by approximately US$2.9 billion as a result of
decreased VTEs, despite an increase of about US$313 million in VTE prevention medication costs. In total, direct
medical costs from the payer perspective decrease by about US$2.8 billion, or $238 per patient.

Employers experience 1.3 million reduced absenteeism hours, equaling approximately US$46 million, or $4
per patient. Families and caregivers of patients also experience fewer hours of absenteeism as a result of decreased
VTEs: approximately 1.2 million (95% CI: 910,000-2,200,000) in absenteeism hours for family caregivers and
more than US$19 million (95% CI: $14 million-$37 million) in caregiving costs, or $2 per patient caregiver.

One-way sensitivity analysis

Figures 2 & 3 show the ranges of potential savings, costs and distributional assumptions for each input parameter.
Tornado diagrams were produced to visualize the sensitivity of model outcomes. Figure 2 displays one-way sensitivity
analysis results from the societal perspective, whereas Figure 3 illustrates these results from the patient perspective.
The control estimate for surgical/trauma patients demonstrates the most societal cost uncertainty, with a range
of potential savings from US$1.7 billion to $3.9 billion. The control estimate for surgical/trauma patients also
demonstrates the most uncertainty for patient total costs, with potential savings ranging from US$151 million to
$322 million, depending on how this measure is varied (Figures 2 & 3).

Ranges for the cost of setting up the real-time alert system were set between US$0 and $25,416 for 5235 US
hospitals [20]. The lower bound of zero was chosen for the possibility that hospitals would already have real-time alert
systems implemented in their existing systems. The input parameter and upper bound were based on potential time
estimates to complete the implementation of the real-time alert system [19]. Varying these costs ranges total societal

Research Article

future science group www.futuremedicine.com

567



Research Article

Table 1. Costs and health outcomes after 5 years for the VTE education bundle.

Boyer, Skinner & Breck

Outcome Control group Intervention group Difference (control minus Per patient
intervention)

Outcomes

— Number of VTE events 1,500,733 1,365,853 134,880 0.00

— Number of hospital days (post initial 45,520,670 44,968,680 551,990 0.00

hospitalization)

— Number of deaths 1,823,942 1,804,956 18,986 0.00

— Increase in doses 0 7,641,608 N/A 0.632

Provider perspective (intervention only)

— Nurse training costs ($) 0 204,820,000 -204,820,000 -17

- Printing costs ($) 0 73,142 -73,142 0

— Real-time alert system costs ($) 0 116,421,165 -116,421,165 -10

- Total costs ($) 0 321,314,307 -321,314,307 -27

Patient perspective

- Total hours of lost time 1,096,829,500 1,083,192,275 13,637,225 1.13

- Indirect costs (travel) ($) 69,343,965 67,693,479 1,650,486 0.14

- Direct medical costs ($) 14,048,250,046 13,813,255,333 234,994,713 19.44

- Additional prophylaxis cost (intervention) ($) 0 46,528,034 -46,528,034 -3.85

- Total costs ($) 14,117,594,011 13,880,948,812 236,645,199 19.57

Payer perspective

- Direct medical costs ($) 163,104,537,885 159,914,691,304 3,189,846,581 263.82

- Additional prophylaxis cost (intervention) ($) 0.00 313,296,857 -313,296,857 -25.91

- Medicare costs ($) 91,827,854,829 90,031,971,204 1,795,883,625 148.53

- Medicaid costs ($) 8,909,585,382 8,735,340,012 174,245,370 14.41

— Other payer costs ($) 62,367,097,674 61,147,380,087 1,219,717,587 100.88

- Total costs ($) 163,104,537,885 60,227,988,161 2,876,549,725 237.91

Family perspective

— Hours of absenteeism 131,857,596 130,652,756 1,204,840 0.10

- Total absenteeism cost ($) 2,083,350,014 2,064,313,538 19,036,476 1.57

Employer perspective

- Hours of absenteeism 140,975,408 139,687,255 1,288,154 0.00

- Total absenteeism cost ($) 5,069,475,683 5,023,153,676 46,322,007 3.83

Societal perspective

- Total direct medical costs ($) 177,152,787,931 174,362,557,800 2,790,230,131 230.77

- Total additional prophylaxis cost (intervention) 0 359,824,891 -359,824,891 -29.76

(%)

— Total costs ($) 184,374,957,593 181,517,718,493 2,857,239,100 236.31

N/A: Not applicable; VTE: Venous thromboembolism.

cost savings between US$2.8 billion and $2.9 billion. Annual maintenance costs following the initial setup of the
real-time alert system vary between US$0 and $3177. The lower and upper ranges of these annual maintenance
costs causes total societal costs to vary between US$2.801 billion and $2.885 billion.

Results of the PSA based on 1000 iterations of the model are shown in Table 2. Total societal cost estimates
of implementing the education bundle versus not implementing it range from US$1.3 billion to $4.7 billion in
savings.

Savings as a result of the intervention increased as the time horizon increased (Table 3). For example, going from
5 to 10 years increases the savings of the intervention by about US$1.1 billion, or $94.64 per patient.

Scenario analysis
Based on findings from Louis and colleagues (6], two additional scenarios were explored varying the rate of VTE for
patients receiving the education bundle. These included upper and lower bound effectiveness scenarios (Table 4).
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Select outcome: societal costs
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Baseline costs = $ 2,857,239,100.09 n
.
Savings presented Input
Parameters (range) 1,683,367,333 2,183,367,333 2,683,367,333 31 83,3|67,333 3,683,3[67,333 Low High
S S
VTE hosp cost (19567.14-29350.372) | 2,140,818,760 3,573,659,440
At-risk population (9672922.40-14509383.60) [ 2,221,543,047 3,492,935,153
Increased doses (0.63-3.00) 1 2,857,239,100  1,683,367,333
Probability recurrence (0.02-0.03) [ 2,636,429,956  3,074,959,427
Post-VTE med cost (526.13-789.19) [ . 2,644,899,508 3,069,578,693
Intervention estimate for high-risk group (0.01-0.01) D 00 | 3,227,819,836  2,486,658,364
No VTE hosp cost (8159.12-12238.68) s | 3,091,725,167 2,622,753,033
Control prob VTE in-hosp (0.00-0.00) | 2,792,230,434  2,922,247,766
Age entering model (44.00-66.00) -. 2,927,295,624 2,731,500,360
OOP hosp VTE cost (1678.97-2518.45) .l 2,800,624,253 2,913,853,948
Costs of setting up real-time alert system (0.00-25416.00) .- 2,945,940,940 2,812,888,180
Dose cost (35.88-53.82) .- 2,929,204,078 2,785,274,122
Probability hosp-related VTE (0.00-0.01) .. 2,927,247,953 2,788,396,071
OOP multiplier (0.07-0.10) II 2,822,5678,889 2,891,899,311
Figure 2. Tornado diagram of total societal costs.
Hosp: Hospitalization; MR: Mortality rate; OOP: Out-of-pocket; Prob: Probability; VTE: Venous thromboembolism.
Select outcome: patient total costs
Baseline costs = $ 236,645,198.85
Savings presented Input
Parameters (range) 151,130,111 171,130,111 191,130,111 211,130,111 231,130,111 251,130,111 271,130,111 291,130,111 311,130,111 Low High
VTE hosp cost (19567.14-29350.72) [ 180,030,351 293,260,046
At-isk population (9672922.40-14509383.60) I 189316150 283,974,239
OOP multiplier (0.07-0.10) .. 189,646,256 283,644,141
Post-VTE med cost (526.13-789.19) _— 218,425,324 254,865,074
OOP post-VTE cost (45.14-67.72) | . 218425324 254,865,074
Probability recurrence (0.02-0.03) HE 219705432 253,347,962
Intervention estimate for high-risk group (0.01-0.01) _— 266,302,442 206,987,956
No VTE hosp cost (8159.12—12238.68) _— 255,175,372 218,115,026
OOP hosp no VTE cost (700.10-1050.14) B 0 | 255,175372 218,115,026
Control prob VTE in-hosp (0.00-0.00) .. 231,442,614 241,847,784
Age entering model (44.00-66.00) -- 242,381,917 226,350,152
Dose cost (35.38-53.82) | 245,950,806 227,339,592
QOP dose cost (3.08-4.62) | 245950806 227,339,592
Figure 3. Tornado diagram of patient total costs.
Hosp: Hospital; MR: Mortality rate; OOP: Out-of-pocket; Prob: Probability; VTE: Venous thromboembolism.
The upper bound effectiveness scenario used a predischarge VTE rate of 23.5% for patients not receiving
any intervention and 5% for patients receiving the education bundle. This scenario suggested cost savings of
approximately US$6.3 billion after 5 years (95% CI: $3.6 billion—$9.4 billion) and included 266,000 fewer VTE
events (95% CI: 185,000-367,000) and more than 37,000 fewer deaths (95% CI: 24,000-52,000).
The lower bound effectiveness scenario assumed more similar predischarge VTE rates between the intervention
and control groups. In this scenario, 6% of patients who did not receive any intervention experienced VTE versus
5% of patients who received the education bundle. The lower bound effectiveness scenario outcomes suggested
costs of approximately US$249 million after 5 years (95% CI: -$1 billion-$619 million). This includes 16,000
fewer VTE events (95% CI: -6,000—40,600) and 2316 fewer deaths (95% CI: -801-5,684).
The results for the lower bound scenario showed wide ranges that cross zero, indicating uncertainty about the
costs and savings of the intervention when effectiveness decreased for the hypothetical subset of high-risk patients
under the lower bound effectiveness scenario conditions.
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Table 2. Probabilistic sensitivity analysis findings for treatment of the venous thromboembolism education bundle.

Outcome Impacts avoided or cost savings  Credible range lower bound Credible range upper bound
Outcomes

— Number of VTE events 134,880 87,541 197,331

— Hospital days 551,990 309,312 885,354

— Deaths 18,986 11,959 28,244

Patient perspective

- Patient time (h) 13,637,225 7,728,197 21,809,045
— Indirect costs (transportation) ($) 1,650,486 839,208 2,829,105

— Direct medical costs (3$) 281,522,747 158,175,871 454,142,458
- Total costs ($) 236,645,199 115,175,871 405,446,724

Provider perspective

— Intervention costs ($) -321,314,307 -443,998,613 -214,665,977
Payer perspective

— Direct medical costs ($) 2,876,549,725 1,455,346,606 4,551,938,990
Family perspective

— Unpaid caregiving time (h) 1,204,840 736,164 1,767,342

— Total cost of unpaid caregiving ($) 19,036,476 11,064,758 29,187,344
Employer perspective

— Productivity loss (h) 1,288,154 741,036 1,815,148

— Total cost of productivity loss ($) 46,322,007 25,238,035 66,770,039
Societal perspective

- Total direct medical costs ($) 2,790,230,131 1,271,387,707 4,556,494,386
- Total costs ($) 2,857,239,100 1,316,280,209 4,645,687,732

VTE: Venous thromboembolism.

Table 3. Results by time horizon (societal perspective).

Time horizon Control ($) Intervention ($) Difference (control minus Per patient ($)
intervention) ($)

Societal perspective

1 year 146,424,255,761 145,087,628,416 1,336,627,346 110.55
2 years 154,939,522,444 153,162,426,508 1,777,095,937 146.97
3 years 164,189,591,182 162,013,964,367 2,175,626,815 179.94
4 years 174,043,122,051 171,508,297,493 2,534,824,558 209.64
5 years 184,374,957,593 181,517,718,493 2,857,239,100 236.31
6 years 195,065,987,564 191,920,639,222 3,145,348,342 260.14
7 years 206,002,902,617 202,601,355,462 3,401,547,155 281.33
8 years 217,078,663,463 213,450,505,089 3,628,158,374 300.07
9 years 228,193,449,927 224,366,004,515 3,827,445,411 316.55
10 years 239,255,480,708 235,253,867,040 4,001,613,668 330.95
Discussion

A variety of interventions to improve appropriate prescription of VTE prophylaxis have been developed [25],
including ones aimed at improving prescription of pharmacologic prophylaxis by increasing pharmacists’ and
doctors’ ability to identify at-risk patients. Other interventions create electronic alerts to warn attending physicians
when their at-risk patients do not receive prophylaxis. A common thread throughout these interventions is that they
attempt to improve prescription of pharmacologic prophylaxis but do not necessarily focus on the administration of
prophylaxis following prescription. Haut and colleagues [10] provide an intervention aimed at improving prophylaxis
administration to optimize adherence to VTE prophylaxis regimens. The analysis in this study estimates costs of
and savings from this intervention. Much of the work on the economic burden of VTE has focused on immediate
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Table 4. Costs and health outcomes after 5 years for upper and lower bound scenarios for the venous

thromboembolism education bundle.

Outcome Control Intervention Difference (control minus  Per patient
intervention)

Upper bound outcomes

— Number of VTE events 1,634,928 1,368,778 266,150 0

— Number of hospital days (post initial 46,069,854 44,980,649 1,089,205 0

hospitalization)

— Number of deaths 1,842,831 1,805,367 37,464 0

Upper bound societal perspective

— Total direct medical costs ($) 180,606,511,584 174,437,827,679.32 6,168,683,904.46 510.18

— Total additional prophylaxis cost (intervention) ($) 0.00 359,824,891 -359,824,891 -29.76

— Total costs ($) 187,895,349,595 181,594,441,331.16 6,300,908,263.75 521.12

Lower bound outcomes

— Number of VTE events 1,385,229 1,368,778 16,451 0

— Number of hospital days (post initial 45,047,974 44,980,649 67,326 0

hospitalization)

— Number of deaths 1,807,683 1,805,367 2,316 0

Lower bound societal perspective

— Total direct medical costs ($) 174,180,087,202 174,437,827,679.32 -257,740,476.92 -21.32

— Total additional prophylaxis cost (intervention) ($) 0.00 359,824,891 -359,824,891 -29.76

— Total costs ($) 181,344,873,857 181,594,441,331.16 -249,567,473.95 -20.64

Research Article

VTE: Venous thromboembolism.

and long-term complications as a result of VTE and VTE recurrence, with comparatively little research on the
economic effects of hospital-acquired VTE prevention interventions [2].

This study further characterizes potential uncertainty (in costs and outcomes) of bundle implementation. The
main cost of implementing the education bundle is training all nurses in a unit to deliver the intervention. Per
nurse, these training costs are minimal; a 30-minute online training costs about US$11. However, the costs of
training all nurses are considerable compared with the bundle’s uncertain effect on significantly reducing VTEs.

Limitations

This study has several limitations. First, evidence surrounding the decline in VTEs following increased administra-
tion of prescribed doses of VTE prophylaxis is limited and mixed [24]. Louis and colleagues 6] found a correlation
between missed doses and increased incidence of deep vein thrombosis (DVT) in surgery and trauma patients.
DVTs occurred in 23.5% of patients who missed at least one dose and in 4.8% of patients who did not (p < 0.01).
This study also observed the same association between LOS and increased DVT odds; however, the correlation
observed between the increasing number of missed doses and DVT did not control for LOS. As a conservative
assumption, midpoint estimates from Louis and colleagues (2014) were applied only to the surgical /trauma subset
of the overall hospitalized population at risk of VTE, which is a much lower rate than was used for nonsurgical
patients. The decline in VTE rate for the surgical/trauma group may be too optimistic to apply to the education
bundle because the most common reason for interruption of prophylaxis is a pending invasive procedure or concern
for bleeding [6]. This may lead to an overestimate of base-case VTEs prevented and costs saved. Readers should
reference the range of estimates reported in the sensitivity and scenario analyses.

Most hospital-related VTEs occur posthospitalization [1]. This finding may suggest that addressing pharmacologic
prophylaxis non administration prior to discharge has little overall impact on VTE formation. One study found
that VTE rates remained unchanged despite near-universal administration of pharmacologic VTE prophylaxis
for those at risk [1]. The authors suggest that these unchanged rates may be the result of patients only receiving
prophylaxis while in the inpatient setting. They also suggest that 50% of VTEs are unrelated to current or recent
hospitalization. Therefore, efforts to identify and target those at highest risk in inpatient and outpatient settings
with longer duration of primary and secondary prophylaxis would broaden prevention efforts to reach those outside
the hospital setting [1].

future science group www.futuremedicine.com 571



Research Article

Boyer, Skinner & Breck

The relationship between increased doses and prevention of VTE is not well established. The evidence in the
literature for the link between missed doses of prophylactic antithrombotic medications and development of DVT
is mixed. A case—control study [24] did not demonstrate any evidence of a relationship between any missed dose
and development of DVT but found an association between increased LOS in the hospital and odds of developing
DVT. Further research to establish the relationship between medication adherence and VTE prevention is needed
and could strengthen model assumptions around the education bundle’s effectiveness in preventing VTE. The
evidence gathered only stratified between missing one or more doses versus none, and our model reflects this binary
stratification. There is reason to believe that missing one dose is less impactful on VTE formation than missing all
doses for example, but this dosing effect is not currently reflected in our model. However, to clarify, the effectiveness
is not modeled based on increased doses but rather reduction in VTE, and dosing only factors into pharmacologic
resource utilization cost calculations.

Next, the model did not account for other long-term complications of VTE, such as post thrombotic syndrome
and pulmonary hypertension, although medical cost estimates applied to the post-VTE health state may partially
account for these complications [17,26]. To the best of the authors’ knowledge, no sources estimate the costs of
the real-time alert bundle. These real-time alert setup estimates are based on author assumptions of time and
cost to implement in all hospitals nationwide. Those looking to implement this bundle should examine existing
hospital infrastructure to determine feasibility of implementing a real-time alert system when prescribed doses
of VTE prophylaxis go unfilled. Expert opinion indicated that the range in cost could vary widely and is highly
dependent on existing information technology infrastructure within the hospital. Finally, in modeling a nationwide
implementation of the VTE education bundle, it is assumed that every hospital would implement the intervention
uniformly, which includes decreasing the average number of non administered doses of prophylaxis by 0.632
and decreasing VTE events by the same rate as observed in the work of Haut and colleagues [10] and Louis and
colleagues [6], which is a strong assumption (as are all assumptions around the study’s model inputs) because regional
variation and compliance are likely to differ. This model may be overestimating the effects and overestimating or
underestimating the costs of implementing the intervention.

Conclusion

An estimated 134,000 VTEs and 19,000 deaths could potentially be averted with nationwide implementation of
the education bundle. The use of the education bundle results in increased provider (intervention) costs for nurse
training, materials and costs of setting up the real-time alert system of US$321 million. Averted VTEs would
result in more than 13 million fewer hours of lost patient time, leading to US$46 million in savings in employee
absenteeism costs, US$19 million in savings in caregiving costs and US$237 million in savings in patient costs.
The implementation of the education bundle is estimated to reduce societal costs by approximately US$2.8 billion.
As such, a nationwide rollout of the VTE education bundle could result in a decline in VTEs and mortality with
savings to society. Evidence suggests that half of annual VTEs occur unrelated to current or recent hospitalization;
therefore, efforts to identify at-risk individuals outside the healthcare system should supplement efforts to decrease
VTE medication nonadministration.

Summary points

e Venous thromboembolism (VTE) is a common hospital-acquired condition that can be fatal but is treatable with
medical prophylaxis. Non administration of VTE prophylaxis is common.

e Research comparing an education bundle intervention with standard care finds significantly lower levels of VTE
non administration among patients receiving education on VTE risks and VTE prophylaxis.

e This article constructed a population-level Markov model to estimate the effects of a national rollout of a VTE
education bundle for patients at risk of developing VTE.

e The article examined costs and outcomes from a societal perspective, which included patient, family, provider,
payer and employer perspectives.

e Model parameters were identified from publicly available data sources and the literature.

e Uncertainty was explored through a series of one-way probabilistic sensitivity and scenario analyses.

e Model results estimate that a nationwide rollout of VTE education bundles could result in a reduction of VTEs
and deaths, with societal savings of approximately US$2.8 billion over 5 years compared with standard care.

e Limitations include uncertainty in model parameters and possible nonaccounting for long-term complications as
a result of VTE. Nationwide rollout of the education bundle may also be uneven.
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