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Abstract:
The overall goals of this project are to: (1) understand patients’ venous thromboembolism
(VTE) care experience during transitions of care (TOC) across various settings; (2) build a novel
patient-centric statistical model of factors driving success and adversity in VTE care; (3) use this
model to identify potential VTE care intervention targets; and (4) validate the model by
implementing targeted VTE care interventions in the University of Utah Health Care (UUHC)
Thrombosis Services and measuring associated care outcomes. Specific objectives include using
themes from qualitative online interviews with VTE patients across the country (n=20) to inform
a national survey of VTE sufferers (n=1000). This survey will quantify the TOC ‘flow’ in VTE
across and between health care settings, and be used to build a comprehensive and novel
statistical model of the drivers of TOC risks and harms and the role of adherence and other
patient factors in exacerbating or mitigating risk of subsequent harm (VTE recurrence, bleeding,
post-thrombotic syndrome, etc.). This model will be used to size and
operationally prioritize patients most at risk of adverse outcomes during TOC, and provide a
computer simulation to illustrate the potential reductions in harms achievable by changing care
practices at key TOC points. This model will inform the implementation of empirically defined
targeted interventions across inpatient and outpatient settings in UUHC Thrombosis Services,
which will be evaluated by contrasting cohorts of patients in the UUHCS system on VTE harms
(~n=500), leveraging electronic medical records and patient self-reports.
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1. Overall Goal & Objectives
The RFP succinctly provides a rationale underlying the need for improved transitions of care
(TOC) in venous thromboembolism (VTE), but it is worth reiterating that recurrent VTE is
associated with significantly increased all cause per-patient-per year (PPPY) health-care
costs.[1] Clearly, any interventions that can reduce the risk of VTE recurrence will benefit
patient’s personal lives, but also benefit society in terms of reduced health-care costs. The
recent Institute of Medicine (IOM) report Vital Signs: Core Metrics for Health and Health Care
Progress,[2] highlights the importance of evaluating quality of care by taking patient’s selfreported care access and well-being into consideration. This proposed project takes a patientcentric approach to improving the quality of VTE transitional care. The overall goals of this
project are to understand patients’ self-reported VTE care experience as they transition to
home across various care settings, build a novel patient-centric statistical model of factors
driving success and adversity in VTE care that will identify targets for change (using a nationally
representative survey), and validate and test that model by changing targeted care practices in
the University of Utah Health Care (UUHC) Thrombosis Services that encompass hospital and
community outpatient VTE patient services, with a pre/post analysis of patient surveys and
chart reviews. Once the model is validated in the UUHC Thrombosis Services by demonstrating
improved outcomes and patient satisfaction, it could then be used and evaluated in other
healthcare systems and patient populations across the nation. Specific objectives (OBJ) are to:
OBJ# 1: Understand TOC in VTE from the perspective of patients using qualitative interviews,
(n=~20) to hear patients’ voices describing their VTE care journeys.
OBJ# 2: Use qualitative insights (from OBJ# 1), and appropriate patient-language, to refine a
quantitative questionnaire and survey a large representative sample (n= 1000) of realworld VTE sufferers in order to quantify system and personal factors that may exacerbate
the risk of harm during the TOC ‘flow’ in VTE (including experiences at acute care hospitals,
outpatient/and ambulatory care facilities, and to and from home).
OBJ# 3: Understand patients’ self-management and adherence to recommended VTE treatment
regimens and patient and systemic factors that may elevate the risk of non-adherence
OBJ# 4: Build a comprehensive model of the drivers of TOC risks and harms and the role of
adherence and other patient factors in exacerbating or mitigating risk of subsequent harm
such as VTE recurrence, bleeding, post-thrombotic syndrome (PTS), etc.
OBJ# 5: Use the model to size and operationally define priority segments of patients most at
risk of adverse outcomes during TOC.
OBJ# 6: Use the model to identify empirically grounded intervention targets and use computer
simulation to illustrate the potential reductions in harms achievable by changing care
practices at key TOC points.
OBJ# 7: Implement interventions informed by our comprehensive model (from OBJ# 6) across
inpatient and outpatient settings in UUHC Thrombosis Services
OBJ# 8: Evaluate the impact of targeted intervention implementation in terms of improved
patient outcomes and satisfaction by contrasting the self-report surveys and records of two
cohorts of patients transitioning through UUHC Thrombosis Services, in pre-and postintervention waves (n=~500, ~250 per wave).
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2. Technical Approach
2.a. Current Assessment of Need in Target Area: A retrospective study of 15,000 medical
records from Utah and Colorado estimated that 75,000 hospitalizations, 2839 permanent
injuries, and 2587 deaths may occur annually due to preventable adverse events in outpatient
care settings.[3] Each setting carries its own set of potential patient harms: Home to hospital Misdiagnosis, medical errors, iatrogenic complications, non-patient centered care; Between
Settings - Communication failures between providers; and Hospital to home - Failure to identify
patient/caregiver needs and resources, non-adherence, confusing and/or contradictory
discharge instructions, failure to recognize health literacy issues, lack of adequate support to
implement or continue treatment instructions at home. Patient factors such as multiple
comorbidities, age, gender, minority status, education or income level, underlying mental
health issues, and satisfaction with care settings, are all important factors influencing the
quality of interactions with the healthcare system and potential understanding of their disease
and its treatment.[4-9] Medical errors including wrong or delayed diagnosis, incorrect drug
treatment, miscommunication, or non-adherence to healthcare advice or treatment are the
most common harms studied.[3,8,10-12] There is limited evidence from patients’ perspectives
on harms experienced across encounters with the healthcare system. This gap is important, as
patients ultimately define experiences based on how their healthcare encounters have affected
their health or quality of life. Negative perceptions of healthcare settings based on harms
suffered may lead to healthcare underutilization, with associated adverse risk. Available studies
are mainly retrospective medical record reviews focused on the actual visit, not the patients’
experiences as they make their healthcare journeys to, from, and between different providers
and settings. This study will be unique in understanding the challenges of VTE TOC, and the
value of changing VTE services, from the patient’s perspective.
The UUHC Thrombosis Services: Approximately 400 UUHC patients are newly diagnosed with
VTE annually. Most VTE patients at UUHC are enrolled into pharmacist-managed
anticoagulation services where they receive comprehensive education and anticoagulation
therapy management. Most patients receive heparin-based initial therapy with transition to
warfarin for maintenance therapy. However, the increasing use of direct oral anticoagulants
(DOACs) [13] is simplifying the initial management of VTE but at the same time presenting
another set of challenges for UUHC anticoagulation providers. At present the rates of use of
DOACs within the UUHCS hospital/ER settings are still low relative to the level of warfarin
prescriptions. In 2014, for all oral anticoagulants the proportions of orders written for each
agent were warfarin (79.9%), rivaroxaban (17.3%), apixaban (2.4%), and dabigatran (0.4%).
While various patient education practices have been shown to elevate DOAC adherence at the
national level,[14] the levels of adherence in the UUHC system is not known at present. Dr. Witt
(Co-Investigator in this application) and researchers from Kaiser Permanente have shown an
association between the degree to which anticoagulation providers adhere to evidence based
VTE treatment recommendations during the acute treatment of VTE, and rates of bleeding and
recurrent VTE complications.[15] Anticoagulation providers in UUHC’s Thrombosis Services use
a systematic approach to VTE treatment and likely achieve a high degree of adherence to VTE
treatment recommendations. Dr. Witt’s group has also shown that patient non-adherence to
anticoagulation therapy instructions increases the risk of adverse outcomes.[16] The UUHC
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Thrombosis Service uses various approaches to address patient non-adherence to
anticoagulation therapy, and compile annual Quality Anticoagulation Metrics using electronic
data warehouses. For example: Time in Therapeutic INR Range (warfarin therapy) (61%);
Clinically-Relevant Bleeding Complication Rate, per patient-year (~4.0%); and Thromboembolic
Complication Rate, per patient-year (~1.5%). These metrics primarily measure the performance
of anticoagulation providers and have focused on warfarin therapy. What is not known is how
existing care transition pathways align with patient’s expectations and needs, and the impact of
these pathways on DOAC utilization, and self-reported adherence. Ready access to UUHC data
metrics will provide an important means of validating clinical and educational/ communication
changes identified and implemented within the context of this study (see Objectives 6-7).
2.b. Project Design and Methods: We propose 3 research phases over twenty-four months.
Phase 1. Qualitative Research (OBJ# 1): The goals of this brief qualitative inquiry are to
interview patients who have experienced VTE (either DVT or PE) to capture the likely universe
of patient factors that can be assessed and then modeled in a large nationally representative
survey. Pre-survey qualitative research is recommended in complex survey studies.[17] We will
ask ~20 VTE sufferers across the country to recall their VTE experience, the health care
providers they interacted with, and treatments/advice received, as they made their “journey”
to, from and between health care settings and home. Interviews will focus on communication,
education, and accountability factors likely to elevate risk of patient harm (e.g., adverse events,
VTE recurrence, and non-adherence to anticoagulation treatments) and beliefs and attitudes
about VTE, its management and their own roles in maintaining adherence and disease selfmanagement. Procedure: Patients will be interviewed using Online Bulletin Board (OBB)
methods. Dr. Feehan has previously published research using OBBs to interview panels of
healthcare decision-makers and developed analytic approaches for the interpretation of
verbatim data derived from qualitative interviews.[18,19] Patients will be recruited and invited
to participate in a day long online panel. Each respondent will engage for approximately two
hours on the OBB over the course of the day, with including group interview/discussion
questions and individual follow-up querying by the moderator. We will use a Pfizer preferred
market research supplier, The Modellers/Hall and Partners (see section D.b. Staff Capacity) to
screen respondents to verify study eligibility. Respondents will receive industry standard
honoraria for their participation. Professional senior managers from The Modellers/Hall &
Partners, who have conducted extensive in-depth-interviews with patients and health care
providers, will moderate patient interviews. The investigator team will observe and listen to all
interviews and provide suggestions for additional probes as required but will not directly
interview respondents to avoid researcher-driven biases directly influencing the discussion.
Phase 2: National Quantitative Survey (OBJ# 2). A representative online survey of VTE sufferers
will quantitatively verify the key patient identified factors carried in from the qualitative phase
including “nodes” in the TOC pathway (hospital and outpatient care utilization and interaction),
and factors that may elevate the risk of harm (e.g., demographics, illness and comorbidities,
support systems, adherence, self-care, reading comprehension, mental health, insurance,
attitudes and beliefs about VTE, etc.). The survey will be used to develop a Structural Equation
Model (SEM) that will gauge the relative impact of a host of patient factors on the risk of
5
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adverse VTE outcomes from poor TOC including bleeding episodes, VTE recurrence, and PTS.)
Sample Size: We propose to conduct a representative online survey of up to 1,000 adult
patients aged 18 years or over, across the country, screened to have at least one VTE admission
to an acute care hospital within the previous 2 years. This sample size will also will be
sufficiently powered to output prevalence of harm results for meaningful subgroups of interest,
such as those experiencing DVT versus PE. We intend to use root mean square error of
approximation (RMSEA)[20] as one of the primary statistics to assess overall model fit. Our
approach is to determine a sample that would be sufficient to enable us to distinguish models
that fit the data given accepted thresholds (RMSEA = .05) and models that don’t (RMSEA >
.07)[21] We calculated the minimally acceptable sample size of 630, assuming the following:
alpha = .05, power = .80, 30 df, null RMSEA = .07, alternative RMSEA = .05. Survey Recruitment
and Online Survey Procedure: Respondents will be recruited from a panel of patients who
previously elected to participate in patient-oriented research studies, and will receive industrystandard honoraria for participating. Pfizer and other pharmaceutical companies frequently
utilize these panels in research. The investigators have previously partnered with these panel
firms to conduct large-scale quantitative studies for publication.[22-24] Respondent screening
and invitation: An invitation letter will be sent electronically to panel members describing the
study and inviting them to enter the survey to answer screening questions. If qualified they will
give consent electronically by checking a consent box, and then move immediately on to the full
survey. Survey Duration: It is anticipated that each survey will take 45 minutes to complete.
This is quite standard given the comprehensiveness of the survey we are proposing and the
online survey provides an engaging and user-friendly platform for administering the questions.
Survey Measures: The patient survey will focus on the primary outcome of self-reported VTE
related harms (recurrent VTE, bleeding, mental health issues, PTS, lost productivity, etc.) as
mediated by experiences in various care settings during VTE treatment. Factors associated with
these outcomes will be assessed in three broad domains of Patient Factors; Self-Reported
Environmental Factors; and Demographics. While recognizing that descriptors of key attitudes
and behaviors will be gleaned from the Phase 1 Qualitative research, the survey will include at a
minimum the following: 1. Self-reported medication therapy experience and adherence (OBJ#
3). A critical component of the survey will focus on patients’ use of IV, SQ, and oral
anticoagulation therapies in the transition from the hospital, emergency department, or clinic
to outpatient settings. Each respondent will report on therapies received in the initial (first 7
days), long-term (7 to 90 days) and extended (90+ days) phases of VTE treatment.[25]
Suboptimal anticoagulation during the first 90 days of VTE treatment has been associated with
increased risk of recurrent VTE (see McRae, 2014 for a review).[26] Patients will be asked about
their use of medications vis a vie the American College of Chest Physician Guidelines
(ACCP).[25] Patients will be asked about their experiences with and adherence to lowmolecular-weight heparin [LMWH] (i.e., enoxaparin, dalteparin), fondaparinux, unfractionated
heparin [UFH], warfarin, and/or direct oral anticoagulants (i.e., rivaroxaban, apixaban,
edoxaban and dabigatran) as they transitioned to home. Multiple measures will be used to
assess adherence including standard instruments modified for patient use such as the SMAQ
[27] or the Adherence Estimator.[28] Attitudinal questions will assess perceptions of
instructions received from health care providers in various settings and personal beliefs about
adherence to anticoagulant medications in the initial, long-term, and extended treatment
6
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phases, and perceptions relating to the risks of recurrent VTE, bleeding, and death. 2.
Demographics: Will include common demographic indicators, ethnicity, age, income, rural vs
suburban/urban location etc. 3. Environmental Factors: Self-reported external factors
hypothetically associated with adherence to VTE treatment including: (a) health system
engagement indicators (e.g., availability of primary care, hematology, and thrombosis services);
(b) indicators of satisfaction with various healthcare providers (e.g., ‘likelihood to recommend’
using the Net Promotor Score (NPS) [29,30] a loyalty and advocacy metric previously used by
the applicants;[22,31] (c) Insurance status (form and level of coverage) and perceived ability to
pay for services/ medications; (d) other support availability (e.g., family support, patient
support programs); and (e) self-reported chronic conditions and other comorbidities that
increase the disease/ adherence burden. 4. Internal Patient Factors: Self-reported personal
factors impacting VTE regimen adherence, including: (a) Health Locus of Control Scales (HLC):
The level of HLC (person’s beliefs they have personal control over their illness and its
management) is associated with stronger adherence and better patient outcomes;[32,33] (b)
Psychological Distress and Cognitive Function: Current and past distress can impact selfmanagement and adherence. Standard measures including the 12 item General Health
Questionnaire,[34] or the Mini-Mental State Examination [35,36] will be used; (e) Health
literacy: Valid but brief screening instrument to gauge respondent’s ability to comprehend and
act on written health information;[37] (f) Level of computer literacy and patient comfort with
the use of health technologies (e.g., use of reminders and alerts).
Statistical Modeling (OBJ# 4). 1. Structural Equation Modeling (SEM): SEM [38] will be used to
identify the characteristics that most strongly predict the likelihood of VTE medication regimen
non-adherence and self-reported harm outcomes. The patient self-report data will be included
in a driver model of non-adherence (see Figure 1; only a subset of potential measures are
shown). For ease of readability the sample SEM as illustrated here is simplified graphically, with
error terms (ξ), intercorrelations amongst observed indicator variables, and dummy factor
loadings (λ) and parameter estimates (β) not shown. The underpinning conceptualization of
the model is that there is a direct relationship between the two latent prime outcome
constructs: L1: VTE Medication Non-Adherence and L2: VTE Harm. Observed indicator variables
will be included in the model and their relative association with the latent constructs estimated.
SEM elegantly takes into account the error inherent in all forms of self-reported data along with
the intercorrelations between any measures in the survey. Moreover these indicators are likely
to be correlated, as those experiencing harms (such as VTE recurrence and bleeding or are also
more likely to report non-adherence to their VTE regimens). The SEM will simultaneously
incorporate those error terms and the intercorrelations in estimating the model. SEMs have
been widely used in modeling causal pathways of numerous health and disease states [38-42]
and in health services research.[43-45] While applying SEM to VTE outcomes in this application
is unique, studies have demonstrated the utility of the SEM analytic approach in cardiovascular
disease patient self-management and the development of associated metrics,[46] and the role
of self-monitoring of symptoms and improved adherence and outcomes in heart failure.[47]
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2. Patient Segmentation (OBJ# 5): The quantified TOC “flow” and SEM parameters, will also
allow sizing and characterization of VTE population sub-segments most at risk of harm in their
TOC. These may represent particular targets for intervention, or may be differentially
responsive to subsequent interventions tested in the UUHC Thrombosis Services. Dr. Feehan
has previously modeled distinct sub-types of patients with AMD on their environmental,
cardiovascular status, and genetic vulnerability.[48] 3. Change Tables and Adverse Outcome
Reduction Simulation (OBJ# 6): To ensure the practical utility of the developed SEMs, we will
develop an Excel-based “SEM simulator” that will input model parameters and output
improvements in VTE adverse outcomes based on a change of any significant predictor variable
by a set amount, as if a targeted intervention successfully modified a given risk factor. This will
input key metrics from the measurement models and give the unit change in the VTE outcomes
that would result from a one-unit change in any model factor.[49,50] For example in the
proposed study, a hypothetical 10 % improvement in “patients’ confidence in self-managing
their VTE medications” could result in a 10 % improvement in “oral anticoagulant adherence,”
resulting in a potential 6% reduction in “VTE recurrence” (% illustrative).
2.c. Evaluation Design (OBJ# 7-8): The third phase of the proposed study will involve utilizing
the expertise of Drs. Witt, Fleming and Johnson to operationalize changes in TOC practices
within the UUHC system that are empirically justified from the earlier predictive model and
measure the resultant impact on patient outcomes. The model will be used to prioritize
changes in how the UUHC Thrombosis Services prepare, communicate with, and educate
patients as they transition to home. By basing change in clinical/educational practices on a
8
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robust empirical model, the likelihood of seeing significant improvements in patient outcomes
will be enhanced. The SEM simulator will be used to select target interventions with high
likelihood of impacting outcome measures (e.g., recurrent VTE, bleeding, resource utilization,
patient satisfaction); the feasibility of potential intervention targets will be evaluated to
determine whether they can be readily implemented and tied to measurable outcomes in
UUHC Thrombosis Services with potential application to other institutions. The suitability of a
given intervention target (e.g., standardized education of newly diagnosed VTE patients prior to
transitioning to home; use of motivational interviewing techniques; reminders for key events
such as medication refills, dosing transitions for direct oral anticoagulants, INR test reminders
for warfarin; etc.) will be carefully considered with input from Thrombosis Services staff. Phase
3: Quantitative Intervention Evaluation (OBJ# 8): Evaluation will comprise multiple
components. First, at an overall level the system-wide Quality Anticoagulation Metrics (see 2.a.
Current Assessment of Need in Target Area above) for the overall UUHC Thrombosis services
will be contrasted pre and post intervention. Second, we will compare and contrast the records
and patient surveys of two cohorts of VTE patients using the UUHC Thrombosis services, preand post-intervention initiation. At the time of the National Survey conducted in year one, we
will also survey a pre-intervention prospective wave of ~250 UUHC patients online using the
UUHC Thrombosis Service. These patients will be informed about the survey by UUHC clinical
staff, and be directed to the same website for the National Survey, go through the same
screening and consent procedures (with an additional consent request to access their electronic
medical record for chart review), and complete the same 45 minute survey. In year 2, a second
prospective wave of post-intervention initiation patients will be invited to participate and
complete the same consent and survey as the first pre-intervention wave. In each wave
patients will be invited to complete the survey after they have completed 90-days of therapy,
and will be asked to report their experience of VTE, and associated harms and other key metrics
as per the National Survey (e.g., likelihood to recommend the UUHC Thrombosis Service using
the NPS measure). For both pre and post-intervention waves key metrics of TOC harms
(bleeding, VTE recurrence, unscheduled clinic or ED visits related to VTE symptoms, etc.) will be
abstracted from the patients’ records and coded for analysis (across all UUHC hospital and
outpatient services). The Modellers / Hall and Partners will link individuals’ abstracted record
data to individual survey responses. Pre-post intervention evaluation analyses will comprise:
(1) EMR analyses - examine the prevalence of harms (recurrence, bleeding, etc.) in the records
of the two cohorts pre- and post; (2) Self-report analyses - use results from the patient survey’s
pre- and post-intervention waves to identify changes in self-reported outcomes and satisfaction
measures; (3) VTE Harm concordance - analyses will also be done to determine the associations
between patient self-reported of VTE harms contrasted with the harms abstracted from the
patient’s EMR, to determine the level of over-or-underreporting in both data sources: (4) Bias
analyses - contrasting the self-report of patients in the UUHC with the prior national model
survey results, to identify any biasing factors that may contribute to greater or lesser
intervention effectiveness in this Utah cohort.
3. Detailed Workplan and Deliverables Schedule: The three stages of the research can be
completed within 24 months. We are confident that the considerable volume of work involved
in this project will be accomplished as we will leverage a current Pfizer Preferred Market
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Research Supplier (under our close direction) to conduct the exploratory qualitative research
and the subsequent national survey/structural equation model and the statistical analysis of the
pre-post intervention EMR and survey data to evaluate the intervention extremely quickly with
extraordinary high quality standards.
1/Months 1-3
1/ Months 4-6
1/ Months 7-9
1/ Months 10-12
2/ Months 1-3
2/ Months 4-6
2/ Months 7-9
2/ Months 10-12

Overall design finalization, IRB approval, data collection agency
contracting, design of Phase 1 qualitative discussion guides
Qualitative recruitment/ interviews, draft Phase 2 quantitative survey
Survey national cohort & UUHCs’ pre-intervention patient wave, build
SEM and develop change table simulator
Publish Phase 1 qualitative findings, identify intervention targets from
the model, and develop targeted interventions in TOC practice
Implement interventions
Continue interventions, publish quantitative model research findings,
survey post-wave of patients
Evaluate interventions by analyses of EMR data and pre-post patient
surveys
Publish and disseminate intervention evaluation findings

Deliverables: Study findings will be disseminated through published research papers in medical
and scientific peer-reviewed journals that focus on transitions of care and thrombosis (e.g.,
JAMA Internal Medicine, Blood, Journal of Internal Medicine, Chest, Journal of Thrombosis and
Haemostasis); in national and local community press; University of Utah Health Care system
websites, workshops with VTE service providers, and key national conferences (e.g.,
International Society on Thrombosis and Haemostasis Congress, Thrombosis and Hemostasis
Societies of North America and the American Society of Hematology).
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