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Abstract

Background—Unexplained heterogeneity in response to ventricular assist device (VAD)
implantation for the management of advanced heart failure impedes our ability to predict favorable
outcomes, provide adequate patient and family education, and personalize monitoring and
symptom management strategies. The purpose of this paper is to describe the background and
design of a study entitled Profiling Biobehavioral Responses to Mechanical Support in Advanced
Heart Failure (PREMISE).

Study Design and Methods—PREMISE is a prospective cohort study designed to a) identify
common and distinct trajectories of change in physical and psychological symptom burden, b)
characterize common trajectories of change in serum biomarkers of myocardial stress, systemic

Corresponding Author: Christopher S. Lee, PhD, RN, FAHA, Oregon Health & Science University School of Nursing, Mail code:
SN-2N, 3455 SW US Veterans Hospital Road, Portland, OR 97239-2941, Fax: (503) 494-4456, Phone: (503) 494-4410,
csleern@gmail.com.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal. Page 2

inflammation, and endothelial dysfunction, and c) quantify associations between symptoms and
biomarkers of pathogenesis in adults undergoing VAD implantation. Latent growth mixture
modeling, including parallel process and cross-classification modeling, will be used to address the
study aims and will entail identifying trajectories, quantifying associations between trajectories
and both clinical and quality-of-life outcomes, and identifying predictors of favorable symptom
and biomarker responses to VAD implantation.

Conclusion—Research findings from PREMISE will be used to enhance shared patient and
provider decision-making, and shape a much-needed new breed of interventions and clinical
management strategies that are tailored to differential symptom and pathogenic responses to VAD
implantation.

Introduction

Heart failure (HF) is the fastest growing cardiovascular disorder and the most common
reason for re-hospitalization among older U.S. adults.! 2 Patients with advanced HF (i.e.
those with refractory symptoms despite maximal optimal medical therapy)? live with severe
symptom burden and decreased quality-of-life (QOL). Given extremely limited organ
availability and restrictive eligibility for heart transplantation,* mechanical circulatory
support with a ventricular assist device (VAD) has emerged as a primary therapy as a bridge
to transplantation or recovery, or as destination therapy (i.e. as a permanently implanted
device) for patients with advanced HF.5

There is significant and unexplained heterogeneity in response to VAD implantation
concerning clinical events,® 8 functional capacity and physical functioning,”- & and health-
related QOL (HRQOL).% 10 Very little is known about how physical and psychological
symptoms change after VAD implantation. We are particularly bereft of insight into how
symptoms may relate to changes in underlying pathogenesis, and how symptoms and
biomarkers may explain differential responses to VAD implantation. As such, we are limited
in our ability to predict favorable outcomes, support adequate patient and family decision-
making, provide education and anticipatory guidance, and personalize monitoring and
symptom management strategies for patients undergoing VAD implantation.

The purpose of this paper is to describe the background and design of a prospective
biobehavioral observational study entitled Profiling Biobehavioral Responses to Mechanical
Support in Advanced Heart Failure (PREMISE). This study was developed to characterize
common and distinct trajectories of change in symptoms and pathogenic biomarkers during
the transition from pre-implantation through the first 6 months after VAD implantation, and
link changes in symptoms and biomarkers over time to clinical events and HRQOL.
Relevant background and the research design and methods are included in this paper. We
conclude with a discussion of anticipated findings and research implications.

Background

Advanced Heart Failure: Refractory Symptoms and Limited Options

Many patients with HF have symptoms at rest or with minimal exertion that are refractory to
optimal medical therapy (e.g. advanced HF).11 Up to 800,000 adults in the U.S. have
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advanced HF12 and they have few treatment options. First, patients may be eligible for the
gold standard of cardiac transplantation. There are only 2,400 heart transplants performed
each year in the U.S.,13 and fewer than 5% of patients with HF are eligible for cardiac
transplantation.* Moreover, 10% of advanced HF patients listed for transplant die each year
waiting for an allograft.12 Second, continuous intravenous infusion of inotropic agents may
be used to ameliorate symptoms.14 The use of inotropes conveys a 43% 6-month mortality
rate,1° a survival trade-off for symptom reduction that many patients with HF are unwilling
to make.1® Third, patients and providers may opt for palliation, which has become an
increasingly integrated approach in advanced HF.17 Fourth, patients may choose and be
eligible for mechanical support with a VAD as a bridge to transplant or if deemed not a
candidate for heart transplantation, be considered for VAD support as destination therapy.
With limited effectiveness of medical therapy and an inadequate number of available donor
hearts, mechanical circulatory support with a VAD is an important therapeutic option for
patients with advanced HF.18

Mechanical Support with Ventricular Assist Devices

Originally designed as short-term therapy to augment cardiac output,1 newer generation
VAD:s are smaller, more durable, and associated with fewer adverse events.> Approximately
25% of HF patients awaiting heart transplant have a VAD;20 and approximately 79% of
these patients are transplanted, alive on VAD support, or have the VAD removed for
myocardial recovery within 6 months.?! The use of VADs as destination therapy for patients
who are not candidates for or choose not to undergo transplantation is an increasingly-
utilized treatment strategy. The Randomized Evaluation of Mechanical Assistance for the
Treatment of Congestive Heart Failure (REMATCH) trial provided evidence of a 27% 1-
year survival benefit with VAD implantation over optimal medical therapy in advanced HF
patients.” Since that trial, the number of VAD implantations for destination therapy has
increased dramatically; more than 20,000 patients are expected to receive a VAD annually
and 1-year survival on contemporary devices exceeds 80%.22

Prior Research on Ventricular Assist Devices

To date, most research on VADs has focused on quantifying average event-free survival,> 6
average restoration of functional capacity and physical functioning,’- 8 and average
improvements in HRQOL associated with device implantation.8-10. 23-28 Wjith significant
heterogeneity in response to VAD implantation within these studies, however, minimal
clinical insight can be gained from average changes from trials alone.29 As a recent example
of the extensive heterogeneity observed in response to VAD implantation, Rogers et al.,
reported mean * standard deviation changes at 6 months relative to baseline in the 6-minute
walk test (146231 meters), the Minnesota Living with HF Questionnaire scores (-39+23
points), and the Kansas City Cardiomyopathy Questionnaire clinical summary score (37£25
points) for destination therapy patients. Most research reports include similarly large
standard deviations that approximate or are greater than the mean, or in the case of HRQOL
measures encompass almost ¥ of the possible range of these scales. Recalling that just over
68% of observed values fall within = one standard deviation, mean estimates from this and
other reports with significant heterogeneity become somewhat meaningless. Moreover, few
studies have assessed psychological symptoms before and after VAD implantation and the
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results are variable and inconsistent,”- 23: 24 and the few studies on biomarkers before and
after VAD implantation are limited to very small samples, short-term (1 to 6 week)
change,39-32 and by the study of single pathogenic processes.33 Based on the current state of
the science, we are extremely limited in our ability to predict favorable responses to, and
provide patients with adequate information about VAD implantation without first
identifying subgroups of patients with differential symptom, pathogenic, and clinical and
HRQOL outcome responses to these devices.

Research Design and Methods

Biobehavioral Research Framework

The research framework for this study was adapted from Lenz’s Theory of Unpleasant
Symptoms, with respect to interactions among multiple symptoms (i.e. physical and
psychological), multiple influential pathophysiological mechanisms (i.e. myocardial stress,
systemic inflammation, and endothelial dysfunction), situational factors (i.e. transition from
advanced HF to VAD implantation that is likely to change both symptoms and marker of
underlying HF pathogenesis), and performance (e.g. HRQOL and clinical event-risk).34 35
This research framework was customized to overcome limitations of extant approaches to
symptom research and includes a symptom biochemistry element to gain insight into
pathogenic mechanism that may or may not underlie concomitant changes in symptoms
(Figure 1).

Study Design

A prospective descriptive cohort design will be used to characterize common trajectories of
change in symptoms and biomarkers of pathogenesis during the transition from advanced
HF through the first 6 months after VAD implantation. Subjective data on physical (physical
symptoms, pain, and daytime sleepiness) and psychological (depression, anxiety, and
hostility) symptoms will be collected from a cohort of 120 adults with advanced HF prior to,
and at 1, 3, and 6 months after VAD implantation. Serum biomarkers will be collected
synchronously with symptom data prior to and at 1, 3, and 6 months after VAD
implantation. Corresponding data on HRQOL prior to and after VAD implantation, and
clinical event data throughout 6 months of follow-up will also be collected to observe
common clinical and/or adverse events and the early and sustained improvements in
HRQOL described previously.26 Latent growth mixture modeling and extensions thereof
will be used to identify multiple trajectories of change in these biobehavioral factors over
time; changes in biobehavioral factors will be linked to concomitant changes in HRQOL
throughout the duration of the study, and with differential clinical event-risk at 6 months.

Study Specific Aims and Hypotheses

This overarching goal of this to characterize common and distinct trajectories of change in
symptoms and pathogenic biomarkers during the transition from pre-implantation through
the first 6 months after VAD implantation, and link changes in symptoms and biomarkers
over time to clinical events and HRQOL.
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Specific Aim 1)—Identify common trajectories of change in physical and psychological
symptom burden in adults undergoing VAD implantation.

Hypothesis 1.1

Hypothesis 1.2

Distinct trajectories of change in physical and psychological
symptoms can be identified, and will be associated with significant
differences in clinical event-risk and HRQOL.

Socio-demographic and clinical predictors of symptom responses
can be identified.

Specific Aim 2)—Characterize common trajectories of change in serum biomarkers of
myocardial stress, systemic inflammation, and endothelial dysfunction in adults undergoing

VAD implantation.

Hypothesis 2.1

Hypothesis 2.2

Distinct trajectories of change in biomarkers of pathogenesis can be
identified, and will be associated with differences in clinical event-
risk and HRQOL.

Socio-demographic and clinical predictors of biomarker responses
can be identified.

Specific Aim 3)—Quantify associations between symptoms and biomarkers of
pathogenesis in adults undergoing VAD implantation.

Hypothesis 3.1

Hypothesis 3.2

Sample

More severe myocardial stress, systemic inflammation, and
endothelial dysfunction will be associated with worse symptoms.

Combined data on patient-reported symptoms and serum
biomarkers will improve clinical event-risk prediction and explain
more variability in HRQOL than either factor independently.

The sampling frame for the proposed research is adult women and men with advanced HF
who are responsible for their own healthcare decisions, and are undergoing the implantation
of a continuous flow VAD as a bridge to transplant or as destination therapy. All
participants will meet the criteria for and receive a commercially available and Food and
Drug Administration-approved continuous flow VAD for the management of advanced HF.
All eligible patients will be approached for voluntary participation by investigators who are
not involved directly with patient care. Up to 120 participants from a single advanced HF
clinic will be enrolled. The Institutional Review Board approved all study procedures, and
both the study sponsor and the Institutional Review Board approved the Data and Safety
Monitoring Plan. Inclusion and Exclusion criteria are presented in Table 1.

Measurement

Well-established measures and methods in clinical research will be used to capture physical
and psychological symptoms, serum biomarkers, HRQOL, and factors that may influence
these variables over time including HF history and diagnostics, comorbidities, hemodynamic
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profile, socio-demographics, functional capacity, and mild cognitive dysfunction. All study
measures are presented in Table 2.

Measures Pertinent to Trajectory ldentification—In the absence of a single
comprehensive symptom measure in HF, multiple symptom measures were chosen to
capture common physical and psychological domains experienced in HF, alleviate item
overlap among the multiple symptom and HRQOL measures, and because of the established
and solid psychometric properties and frequent use in HF research. Furthermore, profiles
among these symptom measures were recently reported to predict 1-year event-free survival
in moderate to advanced HF .51

Physical symptoms will be measured using the 18-item Heart Failure Somatic Perception
Scale (HFSPS).52 Based on the theory of unpleasant symptoms, the HFSPS asks about how
much the participant was bothered by 18 common HF symptoms during the last week and
provides six response options ranging from 0 (not at all) to 5 (extremely bothersome). Theta
reliability of the HFSPS total score that will be used in the analysis was 0.71-0.78 in the
original psychometric evaluations;*2 Cronbach’s alpha on the HFSPS total score was most
recently reported at 0.90 in an advanced HF sample.>!

The Brief Pain Inventory (BPI) will be used as a quick assessment of pain location, intensity
and interferences.#3 The BPI consists of 4 questions about pain intensity and 7 questions
about pain interference (in addition to questions on pain location and treatment).
Respondents rate their worst, least, average, and current pain intensity and also rate the
degree to which pain interferes with 7 domains of functioning on a scale of 0 (no pain or
does not interfere) to 10 (as bad as you could imagine or interferes completely). Summary
scores of pain interference will be generated and used in the analysis as a primary metric of
pain.43

Daytime sleepiness will be measured using the 8-item Epworth Sleepiness Scale (ESS).44
The ESS asks respondents to rate how likely they would be to doze off or fall asleep in 8
situations by choosing response options that range from 0 (would never doze) to 3 (high
chance). The ESS correlates significantly with sleep latency measures, and scores
distinguish normal sleep patterns, obstructive sleep apnea syndrome, narcolepsy, idiopathic
hypersomnia, and insomnia.*4

Depressive symptoms will be measured using the 9-ltem Patient Health Questionnaire
(PHQ9).4> The PHQO scores each of the 9 related DSM-IV criteria providing four response
options ranging from 0 (not at all) to 3 (nearly every day). The PHQ9 has 88% sensitivity
and specificity for major depression (score = 10); scores of 5, 10, 15, and 20 are indicative
of, respectively, mild, moderate, moderately severe, and severe depression.*®

Anxiety and hostility will be measured using the Brief Symptom Inventory (BSI).#6 The BSI
asks about feelings during the past seven days and provides five response options ranging
from O (not at all) to 4 (extremely). Subscale scores (ranging from 0 to 4) are calculated by
adding the ratings and dividing the total by the number of items in the subscale, with higher
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scores indicating higher distress. We will only administer the 11 items that factor in subscale
scores for anxiety and hostility.

Based on current recommendations for selecting biomarkers,53 54 biomarkers of 3
pathogenic processes shown by others to be influenced by VAD implantation will be
measured.30-33 All biomarkers will be quantified by a National Center for Advancing
Translational Sciences-sponsored core laboratory using commercially available enzyme-
linked immunosorbent assay kits. Amino terminal pro-B-type natriuretic peptide (NT-
proBNP) will be measured as an index of myocardial stress® and a confirmatory biomarker
of hemodynamic congestion in HF.5 The detection limit of NT-proBNP is < 11.75 pg/ml;
intra- and inter-assay coefficient of variation (CV) is estimated at less than 8% and 10%
respectively (CUSABIO®, Wuhan, China). Soluble tumor necrosis factor alpha receptor 1
(STNFR1) will be measured as an index of systemic inflammation triggered by direct
antigenic stimulation,>” endothelial disruption,8 and direct hemodynamic stress.>® The
detection limit of STNFR1 is < 0.77 ng/ml; intra- and inter-assay CV is estimated at less
than 5% and 9% respectively (R&D Systems, Minneapolis MN). Endothelial-leukocyte
adhesion molecule 1 (E-selectin), a member of the selectin family of cell adhesion
molecules,®0 will be measured as an index of endothelial dysfunction. Circulating soluble
forms of cell adhesion molecules reflect enhanced expression and/or shedding,®? due to
endothelial perturbations.2 The detection limit of E-selectin is < 0.009 ng/ml; intra- and
inter-assay CV is estimated at less than 7% and 9% respectively (R&D Systems,
Minneapolis MN).

Clinical Events and Adjudication

Patients will be followed clinically and research coordinators will complete a review of the
electronic medical record prior to, and at 1, 3, and 6 months after VAD implantation,
looking specifically for all-cause a) emergency room visits, b) unplanned hospitalizations, c)
mortality, as well as d) heart transplantation (censored event) or e) being alive on a VAD
without an event. Secondary adverse events will be classified in accordance with definitions
used in the Interagency Registry of Mechanically Assisted Circulatory Support manual of
operations.® The event adjudication committee will determine final classification of all
events.

Statistical Analysis Plan

Standard descriptive statistics of frequency, central tendency, and dispersion will be used to
describe all measures in the study under consideration of applicable levels of measurement.
Comparisons of characteristics between/among observed trajectories will be made using
Student’s t, Mann-Whitney U, Fisher’s exact or Kruskal-Wallis tests, or Pearson y2 analysis
or ANOVA where appropriate. StataMP v11 (College Station, Texas) will be used for all
descriptive and comparative statistics.

Overview of Trajectory ldentification using Growth Mixture Modeling—Latent
growth mixture modeling (GMM) will be used to address all hypotheses. GMM is an
approach to modeling that identifies distinct trajectories of change that vary around different
means, have unique estimates of variance and homogenous within-trajectory growth. Based
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on conditional probabilities and not absolute certainty, cases are assigned to the “most
likely” trajectory, or pattern of change over time. Changes in factors over time are modeled
as random effects, non-linear patterns of change are accommodated quite well, there are
several metrics (specified below) to help judge comparative fit between models, and data
need not be measured at the same test occasion or at evenly-spaced time intervals in
GMM.54 Our approach to model specification in GMM is based on common procedures.%°
In each instance, we will use several metrics to support the number of trajectories within the
sample. The Lo-Mendell-Rubin adjusted likelihood ratio test,%6 parametric bootstrapped
likelihood ratio test, Bayesian Information Criterion (BIC),%7 convergence (entropy closest
to zero), the proportion of sample in each trajectory (= 5%), and posterior probabilities
(average probability of belonging in “most likely” trajectory close to 1.0) will be used to
compare alternative models (e.g. k vs. k-1 trajectories).58:69 Mplus v6.0 (Muthén & Muthén,
Los Angeles, CA) will be used to perform all GMM. The default method of mitigating bias
due to missing data in Mplus is full-information maximum likelihood estimation (FIMLE),
which handles effectively most data that are missing at random. Principled methods of
multiple imputation,’0 such as the method of incremental chained equations in Stata,’* will
be used to complement and sensitivity test the effectiveness of FIMLE in our modeling. In
addition, pattern mixture modeling’2 will be used to assess and account for dropout patterns
(i.e. data not missing at random) given the longitudinal nature of the research.

Analytic Procedures to Address Specific Aims 1 and 2—In concert with our
biobehavioral research framework, an identify, associate, and predict approach to GMM wiill
be used to address specific aims 1 and 2. Accordingly, the first step will be to develop
separate growth mixture models for each symptom measure (Figure 2). Then GMMs that
account for changes in all symptom measures over time will be developed. The product of
this step is the identification of multiple trajectories of change in physical and psychological
symptoms in response to VAD implantation.

The second step will be to model associations among symptom trajectories and both 6-
month event-free survival and HRQOL. Using GMM, both discrete-time’3 and continuous
time survival’4 will be modeled following recent guidance on competing risks’® and analyze
event-free survival from all-cause emergency room visit, hospitalization, or death rather than
cause-specific or cumulative incidence functions. Associations between symptom
trajectories and concomitant changes in HRQOL will be quantified using parallel process
modeling®: 97 (Figure 3-A). Specifically, repeated measures congruence between symptoms
and HRQOL will be quantified using fit statistics similar to those employed in structural
equation modeling. Additionally, we will determine if trajectories of physical and
psychological symptoms are similar to trajectories of HRQOL over time (Figure 3-B) using
cross-classification extensions of GMM. That is, we will test if trajectories of HRQOL are
solely a function of concomitant trajectories in symptoms. The product of this step will be
the estimates of association between symptom trajectories and event-free survival and
HRQOL.

The third step will be to identify predictors of symptom responses. Bivariate associations
(Student’s t, Mann-Whitney U, Fisher’s exact or Kruskal-Wallis tests, Pearson x2 analysis,
ANOVA, Pearson’s r, Spearman’s rho, mixed-effects, or repeated measures ANOVA where
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appropriate) between baseline socio-demographics, clinical characteristics, comorbidities,
and other influential factors (based on the literature and exploratory analyses) and symptom
measures over time will be quantified to identify candidate predictors. Restricted fence
methods will then be employed for final longitudinal model covariate selection. In brief,
restricted fence methods combine the ideas of a statistical barrier designed to minimize
model misspecification and of restricted maximum likelihood that is designed to negate the
influence of nuisance parameters.”” 78 Restricted fence methods were developed
specifically to overcome limitations of the traditional methods of model covariate selection
that are not appropriate in complex modeling such as GMM.’8 The product of this step is a
robust and parsimonious list of predictors of symptom responses to VAD implantation.

The above three steps will be followed for the analysis of pathogenic biomarker trajectories.
That is, the first step will be to develop separate models for each biomarker (i.e. NT-
proBNP, sSTNFR1, and E-selectin) and then multiple biomarkers. The second step will be to
model 6-month event-free survival and HRQOL as a function of biomarker trajectories.
Finally, the third step will be to identify predictors of favorable biomarker responses to
VAD implantation.

Analytic Procedures to Address Specific Aim 3—In the final symptom biochemistry
aim, congruence between symptoms and biomarkers will be quantified using parallel
process and cross-classification modeling (Figure 3). Specifically, parallel process models
for each symptom/serum biomarker combination will be developed to identify additive
(limited association) vs. redundant (strong associations) information to incorporate into
further modeling. Additionally, we will test if trajectories of symptoms are solely a function
of concomitant trajectories in biomarkers. A final trajectory model that contains both
symptoms and biomarkers will be developed and quantified in association with event-free
survival and HRQOL. Finally, models from aims 1 and 2 will be compared with this final
model that contain both symptoms and biomarkers regarding associations with event-free
survival and HRQOL using comparative fit statistics (x? tests, Harrell’s C, BIC etc.).

Sample Size Justification—No formal approach has been taken for sample size
considerations in GMM. With 6 primary indices of physical and psychological symptoms
and 3 pathogenic markers, however, the n-to-items ratio exceeds sample size
recommendations for related factor analysis.”® Regarding group comparisons, assuming
80% power, two-sided a of 0.05, mean QOL scores of 7621 (preliminary data on 273
advanced HF patients from our institution), we will detect differences in scores as small as
8.5 (range 0-100) between two equal groups of 50 using t or Mann-Whitney tests; assuming
80% power, one-sided a of 0.05, and a mean event rate of 13%,% we will detect differences
in clinical events of 23% using Fisher’s Exact test. Cox proportional modeling, and by
extension survival modeling in GMM, is resilient to small sample sizes when there are
strong, independent relationships. 120 participants is a feasible number and will allow for
each aim to be addressed.
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Anticipated Results

Among adults with advanced HF, mixture modeling has been useful in identifying
previously unobserved subgroups with respect to physical and psychological symptom
burden®® and self-care behaviors,’” as well as medication adherence’8 and cognitive
function’® over time. Anticipated symptom science results of PREMISE include the
identification of multiple trajectories of change in physical and psychological symptoms in
response to VAD implantation that are associated with clinical and patient-oriented
outcomes and can be predicted based on demographics, clinical characteristics, and other
influential factors. It may also be that there are considerable trade-offs in symptoms. For
example, there may be reductions in shortness of breath with short-term increase in post-
surgical pain intensity. Minimally, it is expected that a favorable symptom and an
unfavorable symptom trajectory can be identified. Anticipated HF pathophysiological results
of PREMISE include the identification of unique trajectories of change in pathogenic
biomarkers in response to VAD implantation that are associated with clinical and patient-
oriented outcomes and can be predicted based on multiple pre-implant factors. Similar to
prior research,33 we may find that endothelial dysfuntion is increased after VAD
implantation and to a greater degree in a subgroup of participants. We expect to identify at
least two biomarker trajectories that reflect a better and a worse pathogenic response to
VAD implantation, and that distiguish gradients of clinical event-risk and HRQOL.
Anticipated symptom biochemistry results from PREMISE include a state-of-the art
understanding of the temporal relationships between HF pathogenesis and physical and
psychological symptoms in response to VAD implantation. Finally, we anticipate that
having information on both symptoms and biomarkers will be much more informative than
having either measure in explaining event-risk and HRQOL.

Conclusion

Unexplained heterogeneity in response to VAD implantation impedes our ability to predict
favorable outcomes, provide adequate patient and family education and anticipatory
guidance, and personalize monitoring and symptom management strategies. Patient-oriented
and clinical outcomes of current and future advanced HF populations will be improved with
a better understanding of the complex interplay between physical and psychological
symptoms and multiple underlying pathogenic processes. Research findings from PREMISE
will be used to enhance patient and provider shared decision-making regarding VAD
implantation, and shape a much-needed new breed of interventions and clinical management
strategies that are tailored to differential symptom and pathogenic responses to VAD
implantation.
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What is New?

Profiling Biobehavioral Responses to Mechanical Support in Advanced Heart
Failure (PREMISE) is a prospective cohort study designed to a) identify
common and distinct trajectories of change in physical and psychological
symptom burden, b) characterize common trajectories of change in serum
biomarkers of myocardial stress, systemic inflammation, and endothelial
dysfunction, and c) quantify associations between symptoms and biomarkers of
pathogenesis, and trajectories thereof, in adults undergoing VAD implantation.

Research findings from PREMISE will be used to enhance shared patient and
provider decision-making, and shape a much-needed new breed of interventions
and clinical management strategies that are tailored to differential symptom and
pathogenic responses to VAD implantation.
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Figure 1. Biobehavioral Research Framework
The interaction between symptoms and the appropriate handling of the temporal nature of

symptoms in response to pathophysiological and situational factors are major omission from
many symptom models. Using latent growth mixture modeling, common and distinct
trajectories of change among symptoms and biomarkers over time will be identified in
response to ventricular assist device implantation (Figure 1-A). Identified symptom and
biomarker trajectories (C1 and C,) may have different intercepts (i), slopes (s), and non-
linear patterns of change () over time. Our framework was developed to codify the clinical
relevance of differential responses to ventricular assist device implantation in the context of
both patient-oriented and clinical outcomes. As such, associations between symptoms and
biomarkers and the outcomes of health-related quality of life (Figure 1-A) and 6-month
clinical event-risk (Figure 1-B) will be quantified. Our framework also includes predictors
of favorable and unfavorable symptom and biomarker responses. We will explore a number
of factors in order to identify patients at greater risk for symptom burden, worse pathogenic
responses, poor health-related quality of life, and/or greater event-risk (Figure 1-C). Figure
1A-C match with our identify, associate, predict statistical approach to specific aims 1 and
2. To effectively capture interactions among symptoms and indices of pathogenesis, patterns
of association among multiple symptoms and among multiple pathogenic biomarkers over
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time will be quantified using parallel process modeling in a symptom biochemistry element
(Figure 1-D). In sum, our biobehavioral research framework has elements of symptom
science, heart failure pathophysiological research, symptom biology/biochemistry, and
clinical and patient-oriented outcomes research.
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Figure 2. Growth Mixture Modeling: Specific Aims 1 and 2
Following an identify, associate, and predict approach to growth mixture modeling, this

example model includes growth curves for a symptoms/biomarkers (y) as observed at 4 time
points, with intercepts (i) slopes (s), a non-linear pattern of change (q) a categorical variable
indicating “most likely” trajectory (C), outcomes that are associated with trajectory
membership such as the continuous outcome of health-related quality of life (Y) or
categorical outcome such as hospitalization (U) (relevant to hypotheses 1.1 and 2.1), and
predictors of trajectory membership (X) (relevant to hypotheses 1.2 and 2.2). This model
only contains change in one symptom/biomarker for economy of presentation; growth
mixture modeling is quite flexible and can accommodate change in many factors
concomitantly.
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Figure 3. Parallel Process and Cross Classification Modeling: Specific Aim 3
This example model includes growth curves for two continuous measures (y) as observed at

4 time points, each with an intercept (i) slope (s), non-linear pattern of change (q) and a
categorical variable indicating “most likely” common and distinct trajectory (C). Parallel
process modeling (Figure 3-A) entails quantifying repeated measures congruence between
changes in the two measures over time using fit statistics to determine how much change in
one variable is explained by change in the other (32, comparative fit index, Tucker-Lewis
index, and root mean square error of approximation, as well as parameter estimates). Cross
classification modeling (Figure 3-B) involves comparing distinct trajectories of change in
one variable (C1) compared with distinct trajectories of the other (C,). For example, the
“most likely” trajectory membership based on change in a symptom and the “most likely”
trajectory membership based on change in a serum biomarker are compared using odds
ratios or 2 tests.
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Table 1
Inclusion and Exclusion Criteria
Inclusion Criteria: Exclusion Criteria:
. Willing and able to provide informed consent . Major and uncorrected hearing or visual impairments that

. . prohibit data collection

Female and male patients are eligible

. Heart transplantation prior to enrollment
Age greater than or equal to 21 years

. . . Inability to complete the study requirements

Able to read and comprehend 51 grade English or Spanish

. Moderate or severe cognitive dysfunction (diagnosed and
Reachable by telephone in the medical record)

Eligible for continuous flow LVAD implantation as a . Major psychiatric illness (i.e. psychosis)

bridge to transplantation or as destination therapyJr . Concomitant terminal illness that would impede

participation in a longitudinal study

TCenters for Medicare and Medicaid Services Ventricular Assist Device (VAD) eligibility: Patients who are listed as heart transplant candidates
can have a VAD implanted as a bridge to heart transplantation. For destination therapy, patients must meet all the following criteria; a) documented
ineligibility for heart transplantation, b) end stage HF, c) peak oxygen consumption less than or equal to 14ml/kg per minute, and d) New York
Heart Association (NYHA) class 1V HF for at least 60 days, or NYHA class I1I/IV for at least 28 days and on intra-aortic balloon pump for at least
14 of those days, or dependent on IV inotropic medications, with two weaning attempts.
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Clinical Characteristics Measurement Validity/Reliability —Baseline  30/90/180 days
HF History and Diagnostics  Chart Abstraction Tool (based on risk38 and 37) - X X
Comorbidities Charlson Comorbidity Index38 (via record) - X

Hemodynamic Profile Output, pressure, O2 extraction etc. (via record) - X X
VAD Support Flow, rotations, power, pulse index etc. (via record) - X
Other Potentially Influential Factors (Exploratory)

Socio-demographics Socio-demographic Questionnaire - X

Perceived Control Control Attitudes Scale-Revised3® a.73 X X
Perceived Social Support Perceived Social Support Scale*? a.84 X X
Mild Cognitive Dysfunction  Montreal Cognitive Assessment?! 100/83%7F X X
Physical Symptoms

Physical Symptoms Heart Failure Somatic Perception Scale? a .90¥ X X
Pain Intensity/Interference Brief Pain Inventory Short Form43 a .84-.94 X X
Daytime Sleepiness Epworth Sleepiness Scale a.83¥ X X
Psychological Symptoms

Depression and Severity Patient Health Questionnaire-94° a 86¥ X X
Anxiety Brief Symptom Inventory*® 6 Anxiety Items o .87¥ X X
Hostility Brief Symptom Inventory*® 5 Hostility Items a .83¥ X X
Serum Biomarkers

Myocardial Stress Amino terminal pro-B-type natriuretic peptide 11.75pg/mL” X X
Systemic Inflammation Soluble tumor necrosis factor alpha receptor 0.77ng/mL* X X
Endothelial Dysfunction Soluble endothelial-leukocyte adhesion molecule 1 0.009ng/mL™ X X
Outcomes

HF Health-Related QOL Kansas City Cardiomyopathy Questionnaire*” a.78-.95 X X
Health-Related QOL European Quality of Life 5 Dimensions*® 0 X X
Clinical Events Clinical Event Adjudication - X

isensitivity/specificity for mild cognitive dysfunction with cut-off of 24;

1duasnuely Joyny vd-HIN

¥quantified using data from this same advanced HF population;51

*
minimal detection limits; #mean of 0.78+0.18 in mild to 0.51+0.21 in severe HF.50

Abbreviations: HF, heart failure; QOL, quality-of-life; VAD, ventricular assist device.
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