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Lay Summary

. Patient-reported outcomes (PROSs) are especially important for people who receive
left ventricular assist devices (LVADs) given their lifestyle changes, LVAD-focused
self-care needs, and the potential for device-related adverse events.

. Patient-Reported Outcomes Measurement Information System (PROMIS®) physical,
mental and social health measures are advantageous for use in multiple chronic
ilinesses because they allow comparability of experiences across diseases/conditions.

. Tracking changes in PRO outcomes across time in individual patients could provide
patients and clinicians with the opportunity to identify positive and negative changes
and ways to address them.

Study participants (m7=272) completed 12 Patient-Reported Outcomes Measurement Information
System (PROMIS®) physical, mental and social health measures (questionnaires) prior to
implantation of a left ventricular assist device (L\VVAD) and again at 3 and 6 months post-implant.
All but one PROMIS measure demonstrated significant improvement from pre-implant to 3
months; there was little change between 3 and 6 months. Because PROMIS measures were
developed in the general population, patients with an LVAD, their caregivers and their clinicians
can interpret the meaning of PROMIS scores in relation to the general population, helping them to
monitor a return to normalcy in everyday life.

Graphical Abstract
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Introduction

Longitudinal assessment of patient-reported outcomes (PROs) is highly relevant for people
with cardiovascular disease.! PROs may be especially important for the subset of advanced
heart failure patients who receive left ventricular assist devices (LVADs) given their lifestyle
changes, LVAD-focused self-care needs, and the potential for device-related adverse events.
Understanding the full complement of LVVAD effects on patients over time is important to
patient selection, shared medical decision-making and future research.

Findings from a systematic review of 16 studies assessing PROs in LVAD populations?
and from subsequent studies3-10 revealed that LVADs were associated with improvement
in several physical and mental domains of health-related quality of life (HRQOL). A
comprehensive evaluation of PROs is critical to interpret response to treatment and
understand change over time. Prior studies that have assessed PROs before and after
LVAD implantation have used generic (e.g., EQ-5D-3L1 12) and/or heart failure-specific
(e.g., Kansas City Cardiomyopathy Questionnairel3: 14) measures of HRQOL.3-2 While
these measures have provided important insights into change in HRQOL over time, some
potentially important domains have not been assessed, including cognitive function and
social health. In addition, some HRQOL concerns were measured using only single items,
e.g., fatigue, anxiety, and depression. A more comprehensive assessment of PROs would
help to better understand the full impact of LVAD support on patient HRQOL. Evaluating
responsiveness validity (sensitivity to change) is an additional important attribute when
considering the longitudinal use of a particular measure.1% 16

Given these unmet needs, the Mechanical Circulatory Support: Measures of Adjustment and
Quality of Life (MCS A-QOL) study included a longitudinal evaluation of physical, mental
and social health outcomes among patients pre- and post-LVAD. Health outcome measures
used in MCS A-QOL were developed by the Patient-Reported Outcomes Measurement
Information System (PROMIS®) to assess common, generic symptoms and experiences that
apply to people in a variety of contexts or with a variety of diseases without needing to make
attributions to a specific condition;17-21 all PROMIS measures are freely available(https://
www.healthmeasures.net/). The PROMIS domain framework guided the development of
multiple measures for physical, mental and social health.20 Physical health measures focused
on physical function, symptoms, sleep function and sexual function; mental health measures
focused on emotional distress, cognitive function and positive psychological function; and
social health measures focused on social function (activities with others, and carrying out
usual roles and responsibilities) and social relationships (connections with important others).
Each PROMIS measure selected for MCS A-QOL was chosen for its relevance to patients
with advanced heart failure who have undergone LVAD implantation.22 The aim of this
report was to describe PROMIS physical, mental and social health outcomes from pre- to
post-LVAD implant, and to examine responsiveness validity.15 23
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Sites and Sample

Procedures

From October 2016 to February 2020 patients at 12 U.S. sites were enrolled in the hospital
or outpatient clinic prior to planned LVAD implantation. The study was conducted in
compliance with the ISHLT Ethics statement, was approved by Institutional Review Boards
at all sites, and patients provided written informed consent. Study inclusion criteria were:
(1) age =19 years, (2) scheduled for an initial (primary) continuous flow LVAD, (3) goal of
LVAD therapy as follows: (a) “short-term” [heart transplant candidate listed with the United
Network for Organ Sharing; UNOS], (b) “uncertain” heart transplant candidacy [possible
heart transplant candidate, but not listed with UNOS], or (c) “long-term” [ineligible for heart
transplantation, i.e., destination therapy], and (4) able to speak and understand English and
provide self-report data on a computer touchscreen, standard computer and/or paper-based
forms with minimal assistance.

Prior to LVAD implant and at Months 3 and 6 post-L\VVAD participants completed a set

of PROMIS and other PRO measures via self-administration (iPad in the clinic, or home
computer using a personalized link sent by email, or paper questionnaires distributed in
person or sent by mail) or in-person interview by the study coordinator, based on patient
preference. The measures were presented in the same order to all participants. Participants
were encouraged to complete PROs on-site; however, some chose to complete them at
home. All participants were enrolled in person prior to the March 11, 2020, declaration of
COVID-19 as a pandemic. Participants who were scheduled to complete questionnaires after
this date (/7=44) were encouraged to complete them at home. Windows for PRO completion
were 30 days prior to implant, +30 days for the Month 3 post-implant clinic visit, and £60
days for the Month 6 visit. The set of PROs took approximately one hour to complete,

and participants received a $20 gift card for each assessment. PROMIS measures were
completed as computer-adaptive tests when administered by computer or as fixed-length
short forms when administered on paper.18: 20 All other PROs were administered as fixed-
length forms by any mode/method. Sociodemographic data were collected directly from
study participants, while clinical data were either securely downloaded from the Society

of Thoracic Surgeons Interagency Registry for Mechanically Assisted Circulatory Support
(STS Intermacs) national database® or collected from medical records by site research
coordinators for participants not enrolled in the registry.

PROs, Clinician Ratings and Performance Tests

Table 1 summarizes information about the instruments administered in this study. The

12 PROMIS measures assessed Physical Health (Fatigue v1.0,2% 25 Physical Function
v1.2,26. 27 gleep Disturbance v1.0,28: 29 and Sleep-related Impairment v1.028: 29); Mental
Health (Depression v1.0,3% 31 Anxiety v1.0,3 and Cognitive Function v1.0/v2.032 33);

and Social Health (Ability to Participate in Social Roles v2.0,34 Satisfaction with Social
Roles and Activities v2.0,3* and Emotional, Informational and Instrumental Social Support
v2.034). The PROs, clinician ratings and performance tests that were used as responsiveness
indicators included the Kansas City Cardiomyopathy Questionnaire (KCCQ-12),13 14
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EQ-5D-3L,11 12 PROMIS Global Health v.1.1,3% Global Ratings of Change,35: 37 NYHA
Functional Classification,38 and 6-Minute Walk Test.3%-42 All PROs and performance tests
were scored according to published guidelines. PROMIS uses T-scores (mean=>50, standard
deviation=10).2% For most PROMIS instruments, a T-score of 50 is the average for the U.S.
general population with a standard deviation of 10 based on calibration testing performed on
large samples of the general population. A higher PROMIS T-score represents more of the
concept being measured (Table 1).

Statistical methods

Missing data were evaluated to determine the most appropriate analytic strategies. Most
sociodemographic and clinical characteristics had little to no missing data (0%-10%).
Over 70% of study participants did not complete the 6-Minute Walk Test pre-implant,
and over 50% did not complete it post-implant. Missing data for sociodemographic and
clinical variables were excluded from analyses. The amount, reasons and patterns of missing
PROMIS data were evaluated to determine if the missing data were missing completely
at random (MCAR), missing at random (MAR), or missing not at random (MNAR).43
Six participant groups were created based on the time of the last assessment and reason
for withdrawal/dropout.#3: 44 Characteristics were compared across the six groups using
a chi-square, Fisher’s exact test or analysis of variance Ftest. Completion of the PRO
measures was also continuously monitored and there was no evidence of any pattern of
missingness by measure.

Repeated measures analyses: A mixed model framework for repeated measures data
was implemented using all available data for 251 participants (92%) who had at least

one PROMIS measurement.#>: 46 |f missing data are MCAR or MAR, a mixed model is
advantageous as all available data can be used, i.e., analyses are not restricted to only
participants with complete data over time.4> 46 Covariance pattern models were estimated
with unstructured covariance parameters for the three repeated measures (pre-implant, and
Months 3 and 6 post-implant). The Wald statistic was used as the Type 3 test of fixed effects,
with a nominal significance level p<0.05. To evaluate the possibility of MNAR, pattern
mixture models were implemented.43: 46 In these models, parameters were estimated within
each missing pattern group which allows for different PROMIS scores and variability for
each group at each assessment. The pattern mixture models and the models using pooled
data were compared with a maximum likelihood ratio test and evaluated using a chi-square
distribution with eight degrees of freedom. Analyses were conducted separately for each
PROMIS measure.

Responsiveness indicators: To evaluate PROMIS measures’ sensitivity to change
(responsiveness), PROMIS change scores were mapped to change in other variables.4” Two
sets of anchor change scores were calculated: the difference between pre-implant and Month
3, and the difference between Months 3 and 6. Three independent groups were formed

for each anchor change score (better, no change, worse). For each KCCQ-12 domain, an
increase (or decrease) of at least five points was considered better (or worse).8 For each
EQ-5D-3L dimension, an improvement (or decline) of at least one level was considered
better (or worse).* For the EQ-5D-3L Visual Analogue Scale, an increase (or decrease) of
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at least ten points was considered better (or worse).>% For PROMIS global health items, an
improvement (or decline) of at least one point was considered better (or worse). For each
Global Rating of Change, “a lot better” and “a little better” were combined, as were “a lot
worse” and “a little worse.” For NYHA, an improvement (or decline) of at least one class
was considered better (or worse).49 For the 6-Minute Walk Test an increase (or decrease) in
distance walked of at least 112 meters was considered better (or worse).>! The usefulness
of each anchor was assessed by evaluating the correlation between PROMIS change scores
and the anchor change categories.52 A Spearman correlation of 0.30 or greater defined an
acceptable association.16 If a correlation did not meet this criterion, then that anchor was
dropped from further analysis. The anchor change variables (better, no change, worse) were
added to the repeated measures covariance pattern models.

Data collection, management and analysis were conducted with REDCap (Research
Electronic Data Capture)®3 and SAS/STAT software, Version 9.4.%4

A flow diagram for the MCS A-QOL study is shown in Figure 1. About one-quarter

of eligible patients declined to participate (7=84). The majority who declined reported
being too sick, too tired, or too stressed/anxious/depressed (/7=54). Of the 272 enrolled
participants, 89% completed the Baseline (pre-implant) assessment, and about half
completed the Month 3 and Month 6 post-implant assessments. A total of 36 participants
did not complete the study because they underwent heart transplantation (13% of enrolled),
38 participants died (14% of enrolled), and 20 were withdrawn for other reasons. Other
missingness reasons at each assessment are also shown in Figure 1, with the most common
reason being passive refusal, e.g., the participant agreed to complete assessments, but never
did.

Table 2 summarizes the sociodemographic and clinical characteristics of all participants
enrolled in MCS A-QOL (7=272), by the time of the last assessment and reason for
withdrawal/dropout. There were 21 (8%) enrolled participants who did not complete any
PROs (Group A), 84 (31%) who completed the pre-implant assessment only (Group B), and
94 (34%) who completed all three longitudinal assessments (Group F). The remaining 73
(27%) participants (Groups C, D, E) completed assessments at Month 3 and/or Month 6
post-implant, and nearly all of these participants completed the pre-implant assessment. The
six groups were comparable on nearly all characteristics. Among the model sample (Groups
B-F; n=251) the majority of participants had either a HeartWare HVAD (51%) or HeartMate
111 (39%) device.

Repeated Measures Analyses

Groups B-F (/7=251) were pooled for the longitudinal analyses. Covariance pattern models
for 11 PROMIS measures (Fatigue, Physical Function, Sleep Disturbance, Sleep-related
Impairment, Depression, Anxiety, Cognitive Function, Ability to Participate in Social Roles,
Satisfaction with Social Roles and Activities, Emotional Social Support, and Instrumental
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Social Support) demonstrated statistically significant results (p<0.01) for the time effect
(pre-implant, and Months 3 and 6 post-implant). Only one PROMIS measure (Informational
Social Support) showed no change over time (p=0.277). Pattern mixture models to evaluate
the possibility of MNAR data showed no significant change from the pooled data models
(0>0.09 for all likelihood ratio test comparisons).

Figures 2-5 show least-squares means and 95% confidence intervals from the repeated
measures models. There was a statistically significant improvement from Baseline (pre-
implant) to Month 3 post-implant for 11 PROMIS measures, and no change between Months
3 and 6 post-implant. The direction of change (positive or negative) was consistent with

the meaning of a high PROMIS score (more of the concept being measured). For example,
Fatigue scores decreased (improved) from pre- to post-implant, whereas Physical Function
increased (improved) over time. For all four PROMIS Physical Health measures (Figure

2), pre-implant mean scores were worse than the mean score of the general population

(see horizontal reference line at 50), while post-implant scores often were nearly 50. For
PROMIS Mental Health measures (Figure 3), Depression and Cognitive Function were
nearly 50 at all three assessments, whereas Anxiety was higher (worse) pre-implant and then
decreased to nearly 50 post-implant. For both PROMIS Social Function measures (Figure
4), pre-implant scores were lower (worse) than 50 and then improved post-implant but did
not reach 50. For all three PROMIS Social Support measures (Figure 5), scores at all three
assessments were higher (better) than 50.

Responsiveness Analyses

The proportions of participants who were better, the same or worse on the responsiveness
indicators (anchors) varied across anchors. Specifically, the majority of participants got
better from pre-implant to Month 3 post-implant for the KCCQ-12 Quality of Life and
Social Limitation, EQ-5D VAS, PROMIS Global Quality of Life and Usual Social Activities
and Roles, Global Ratings of Change, NYHA, and 6-Minute Walk Test (range: 52%—-82%).
The proportions who got better for the remaining anchors (KCCQ-12 Physical Limitation,
EQ-5D Usual Activities, Anxiety/Depression and Mobility, PROMIS Global Mental Health
and Emotional Problems) ranged from 25% to 46%. The majority of participants stayed the
same from Months 3 to 6 post-implant for EQ-5D Usual Activities, Anxiety/Depression and
Mobility, PROMIS Global Emotional Problems, and NYHA (range: 55%—-97%).

PROMIS least-squares means from the repeated measures models are shown in Table 3 for
the anchor change variables. For most anchors, PROMIS mean changes were largest for
participants who got better compared to those who stayed the same or got worse, e.g., the
mean PROMIS Fatigue change was —13.7 for those who got better on EQ-5D-3L Usual
Activities from pre-implant to Month 3 post-implant, —5.3 for those who stayed the same,
and -3.5 for those who got worse. All anchor analyses for the change from pre-implant to
Month 3 post-implant demonstrated statistically significant differences (p<0.05). About half
of the anchor analyses for the change from Month 3 to Month 6 post-implant demonstrated
significant differences.
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Discussion

Findings from the MCS A-QOL longitudinal study may be useful to describe the benefits

of LVAD implantation. The study assessed a wide range of physical, mental and social
health outcomes and the results showed how outcomes were affected by L\VVAD from pre-

to post-implant. Specifically, the PROMIS measures captured large improvements from
pre-implant to three months post-LVAD implant and showed little change between three and
six months. These findings demonstrate the dramatic very early positive impact of LVAD on
PROs, which was also reported by others.8: %5 In MCS A-QOL PROMIS measures were also
responsive to change in other measures commonly used with L\VAD patients, e.g., PROMIS
mean changes improved (or worsened) for participants who improved (or worsened) on
KCCQ-12 and EQ-5D-3L subscales.

PROMIS measures have been used in diverse populations, but only a few studies evaluated
their usefulness in heart failure populations,24 56-59 including those who undergo heart
transplantation.89: 61 MCS A-QOL findings build upon the only other study to use PROMIS
measures in an LVAD population.52 However, that study was cross-sectional and was limited
by the use of only three PROMIS measures and variable times for data collection relative

to implant date. This MCS A-QOL report evaluated the use of 12 PROMIS measures

(four physical health, three mental health, and five social health) administered pre- and
post-implant in LVAD patients at 12 sites.

PROMIS measures are advantageous for use in populations with multiple chronic illnesses,
which allows comparability of experiences across diseases.29 Hence, patients with an LVAD,
their caregivers and their clinicians can interpret the meaning of PROMIS scores in relation
to the general population, helping them to monitor a return to normalcy in everyday life. For
example, in MCS A-QOL, PROMIS Fatigue, Sleep Disturbance, Sleep-related Impairment
and Anxiety measures prior to implant were worse than the general population mean, while
post-implant scores improved to the general population mean. PROMIS Physical Function
and Social Function measures improved from pre- to post-implant, although scores did

not reach the general population mean. PROMIS Depression and Cognitive Function were
near the general population mean from pre- to post-implant, and PROMIS Social Support
measures were higher than the general population pre- and post-implant.

Use of PROMIS measures may enhance shared decision-making as patients consider the
option of LVAD implantation and may support surveillance of HRQOL-related problems
that may occur after implant, which can guide targeted therapies. For example, reduction

in sleep disturbance and improvement in the ability to participate in social roles and
activities, which occurred from pre-implant to Month 3 post-implant in MCS A-QOL,

may be useful to describe benefits of L\VAD implantation when considering this treatment
option. Notably, tracking changes in PRO outcomes across time in individual patients could
provide clinicians with the opportunity to identify positive and negative changes and address
them with patients. A large study of patients with heart failure demonstrated the feasibility
of integrating PRO assessments into outpatient clinic visits; however, the authors also
identified barriers related to completion of PRO measures by patients and incorporation of
PROs into clinical practice by clinicians.®3 Patients reported that PRO measures (including

J Card Fail. Author manuscript; available in PMC 2024 October 01.
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PROMIS measures) were useful in identifying concerns, but also indicated that their value
was reduced by lack of discussion with clinicians.8* More work is needed to enhance
implementation of PROs into clinical practice.

There are some limitations to this study. The sample lacked diversity, as the majority were
male, non-Hispanic White, well-educated and married; however, this is comparable to LVAD
recipients in the U.S. Generalizability is limited because patients who were too ill did not
enroll in the study, and the proportion of participants who were transplanted at 6 months
(13%) was somewhat higher than registry data (8%).5°

Participants were only evaluated up to six months post-L\VAD implant; longer follow-up is
needed to better understand PRO changes over time. Missing data are a common challenge
in clinical research. While only 94 participants (35%) completed all three assessments
(pre-implant, and Months 3 and 6 post-implant) in MCS A-QOL, implementation of state-
of-the-science methods for missing data, including pattern mixture models for MNAR,45: 46
allowed 251 participants (92%) to be included in longitudinal modeling. The anchor-based
analyses, however, were based only on survivors.

This longitudinal report from MCS A-QOL expands the body of evidence for the validity

of PROMIS measures by establishing that they are sensitive to clinical change and changes
in health status in people with an LVAD. This suggests that these measures can be used in
clinical practice and in longitudinal observational research and clinical trials, alongside heart
failure-specific measures, to provide a more comprehensive assessment of the impact of
advanced heart failure and its surgical treatment on patients. Subsequent reports from MCS
A-QOL will include the development of an LVAD-specific set of PRO measures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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| Number approached | 359
Ineligible
n (% of
approached) 3 (1%)]
Eligible
n (% of approached) [356 (99%) Declined to enroll
n (% of
eligible) 84 (24%)|
IReasons for | n (% of
Enrolled not enrolling | declined)
n (% of eligible) 272 (76%) T00 sick 12 (14%)
Mﬁ@_ 13 ( 15%)I
Istressed
n (% completed of anxious, or
Assessmen enrolled) depressed 29 (35%)]
INo time, too
|Baseline 242 (89%) busy 6 (7%)
No reason
3 month 142 (52%) given 5 (6%)
Too much
16 month 128 (47%) trouble 11 (13%)
r Other 8 (10%)|
Missing reason, n (%
not not enough
Transplant |Death Withdrawal | Passive |lost to lostin |well |time before
Assessment|cumulative |cumulative|cumulative |Refusal |follow-up |not well phys|staff error [mail  [emot |implant Unknown|
|Baseline 2 (7%) 5(17%) |9(30%) [3(10%) |0(0%) [6 (20%) 3 (10%) |0 (0%)]0 (0%)|2 (7%) 0 (0%)
3 month 11 (8%) 37 (28%) |17 (13%) [32 (25%)|10 (8%) |12 (9%) 3 (2%) 3 (2%) |1 (1%)|0 (0%) 4 (3%)
}Gmonth 36 (25%) |38 (26%) |20 (14%) |24 (17%)|14 (10%) |7 (%) 0 (0%) 1(1%)]0 (0%)]0 (0%) 4 (3%)
Figure 1.

Flow Diagram for the MCS A-QOL Study
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Physical Health Over Time

J Card Fail. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Hahn et al.

60 -

T-score

40 -

30 -

Figure 3.

Baseline

Mental Health
Depression Anxiety

sl oo o

3 month 6 month Baseline 3 month 6 month Baseline 3 month 6 month

50 = U.S. general population mean

Mental Health Over Time

J Card Fail. Author manuscript; available in PMC 2024 October 01.

Page 16

Cognitive Function




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hahn et al.

T-score

Page 17
Social Health: Social Function
Ability to Participate Satisfaction with Roles and Activities
60 -
B0 {1
I
I
40 -
30 -
T T T T T I
Baseline 3 month 6 month Baseline 3 month 6 month
50 = U.S. general population mean
Figure 4.

Social Health: Social Function Over Time
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Social Health: Social Relationships Over Time
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Table 1.
Instruments Administered in the Study
Type of Instrument Description Score Metric@ Meaning of a
Measure Higher Score

PROMIS® Measures Evaluated for Responsiveness

Physical Health

Support v2.0: Emotional
Support Informational
Support Instrumental
Support

J Card Fail. Author manuscript; available in PMC 2024 October 01.

supportive relationships:
- Emotional (Perceived feelings of being cared
for and valued as a person; having confidant

relationships)

PROMIS® Fatigue v1.0 Assesses fatigue from mild subjective feelings of IRT T-score More fatigue
tiredness to an overwhelming, debilitating, and
sustained sense of exhaustion that is likely to
decrease one’s ability to carry out daily activities,
including the ability to work effectively and to
function at one’s usual level in family or social
roles.
PROMIS® Physical Assesses one’s ability to carry out activities IRT T-score Better physical
Function v1.2 that require physical actions, ranging from self- function
care (activities of daily living) to more complex
activities that require a combination of skills,
often within a social context.
PROMIS® Sleep Assesses perceptions of sleep quality, sleep depth, IRT T-score Greater sleep
Disturbance v1.0 and restoration associated with sleep; perceived disturbance
difficulties and concerns with getting to sleep or
staying asleep; and perceptions of the adequacy of
and satisfaction with sleep
PROMIS® Sleep-related | Assesses perceptions of alertness, sleepiness, IRT T-score Greater sleep-
Impairment v1.0 and tiredness during usual waking hours, and related
the perceived functional impairments during impairment
wakefulness associated with sleep problems or
impaired alertness
Mental Health
PROMIS® Depression Assesses negative mood, negative views of self, IRT T-score More depression
v1.0 negative social cognition, and decreased positive
affect and engagement
PROMIS® Anxiety v1.0 | Assesses fear (e.g., fearfulness, feelings of panic), IRT T-score More anxiety
anxious misery (e.g., worry, dread), hyperarousal
(e.g., tension, nervousness, restlessness), and
somatic symptoms related to arousal (e.g., racing
or pounding heart, dizziness).
PROMIS® Cognitive Assesses a person’s perception of functional IRT T-score Better cognitive
Function v1.0nv2.00 abilities with regard to cognitive tasks in areas function
' ' such as concentration, memory and mental acuity,
including perceptions regarding change in one’s
cognitive ability.
Social Health
Social Function
PROMIS® Ability to Assesses the perceived ability to perform one’s IRT T-score Fewer limitations
Participate in Social usual social roles and activities. (better ability to
Roles and Activities participate in
v2.0 social roles)
PROMIS® Satisfaction Assesses satisfaction with performing one’s usual IRT T-score Greater
with Social Roles and social roles and activities. satisfaction.
Activities v2.0
Social
Relationships
PROMIS® Social Three measures that assess functional aspects of IRT T-score More support
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Type of Instrument Description Score Metric@ Meaning of a
Measure Higher Score

- Informational (Perceived availability of helpful
information or advice)
- Instrumental (Perceived availability of assistance
with material, cognitive or task performance)
Measures Used as Responsiveness Indicators (Anchors)
Patient-
Reported
Outcomes
Kansas City Assesses heart failure-specific health-related Sum score: 0to 100 | Better HRQOL
Cardiomyopathy quality of life (HRQOL); four subscales/domains
Questionnaire and an overall summary score:
(KCCQ-12) - Physical Limitation
- Symptom Frequency
- Quality of Life
- Social Limitation
- Overall
EuroQOL Five- Assesses generic health status; five dimensions: Ordinal scale for Each dimension:
Dimension, Three-Level - Mobility each dimension: extreme
(EQ-5D-3L) - Self-care no problems, some problems
- Usual Activities problems, extreme
- Pain/Discomfort problems VAS: best
- Anxiety/Depression imaginable
Visual Analogue Scale (VAS) of Overall Health health.
VAS: 0 to 100
PROMIS® Global Evaluations of health in general; 4 items: Ordinal scale: Better Health
Health v1.1 - Quality of Life (02)
- Mental Health (04) Poor to Excellent
- Usual Social Activities and Roles (09) Poor to Excellent
- Bothered by Emotional Problems (10) Poor to Excellent
Always to Never
Global Ratings of Five retrospective assessments of change by the A lot better, A little | Worse change
Change patient, who is asked to state whether they better, About the
have experienced change from pre-implant to the same, A little bit
present (3 months post-implant): worse, A lot worse
- Physical Function
- Quality of Sleep
- Anxiety
- Mood
- Social Activities and Roles
Clinician
Rating
NYHA Functional Clinician rating of how severely symptoms of Ordinal scale: No Worse heart
Classification heart failure limit physical activity limitation, Slight failure-related
limitation, Marked functional status
limitation, Unable
to carry on any
physical activity
without discomfort
Performance
Test

6-Minute Walk Test

Assessment of functional capacity during a 6-
minute walk in an enclosed hallway, which is free
of traffic and distractions

Meters walked

Greater
functional
capacity

a, . . . .
Score metric: Information about how the instrument is scored

b . . . .
Although two versions of this measure were used, the scoring was recalibrated to be comparable.

Item Response Theory (IRT) T-score: mean=50, standard deviation=10

sum score: aggregated item responses

J Card Fail. Author manuscript; available in PMC 2024 October 01.
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Characteristics of Study Participants (/7=272), by Time of Last PRO Assessment and Reason for Withdrawal/

Dropout
Group
A B C D E F Groups
B-F
No Pre- Withdrawn | Withdrawn/ Month 6 All Pre- and p-value Model
Assessments Implant for Heart Dropped Assessment Post- sample
Completed | Assessment | Transplant Out for Completed Implant (n=251)
(n=21) Only After Other (n:34)b Assessments
(n=84) Month 3 Reason Completed
(n=23)2 After (n=94)
Month 3
(n=16)
Sociodemographic
Characteristics
Age in Years, 61.0 (9.5) 56.6 (11.2) | 50.7(12.3) | 50.4 (17.7) 58 (12.6) 55.5 (12.0) 0.030 55.4
mean (SD) (12.4)
Female 3 (14%) 26 (31%) 3 (13%) 4 (25%) 10 (29%) 21 (22%) 0.396 64
(26%)
Married/ 11 (52%) 50 (62%) 13 (59%) 4 (25%) 23 (68%) 57 (61%) 0.096 147
committed partner (60%)
Ethnicity, Race
Hispanic, any 1 (5%) 13 (16%) 2 (9%) 3 (19%) 1 (3%) 6 (6%) 25
race (10%)
Non-Hispanic, 16 (76%) 42 (52%) 15 (65%) 9 (56%) 22 (65%) 67 (72%) 0.090 (Non- 155
White Hispanic (63%)
Non-Hispanic, | 3 (14%) 21 (26%) 3 (13%) 4 (25%) 6 (18%) 16 (17%) X’I:"éeta’s- 50
Black ers) | (20%)
Non-Hispanic, 1 (5%) 5 (6%) 3(13%) 0 (0%) 5 (15%) 4 (4%) 17 (7%)
Other
Highest Education
High School or 6 (30%) 30 (36%) 11 (48%) 8 (50%) 14 (41%) 29 (32%) 92
Less (37%)
Attended 8 (40%) 27 (33%) 6 (26%) 5 (31%) 10 (29%) 27 (29%) 75
College/Tech 0.514 (High | (30%)
School School or
Less vs. All
Associate/ 4 (20%) 20 (24%) 3(13%) 1 (6%) 8 (24%) 29 (32%) Others) 61
Bachelor’s (25%)
Degree
Graduate Degree 2 (10%) 6 (7%) 3 (13%) 2 (13%) 2 (6%) 7 (8%) 20 (8%)
Clinical
Characteristics
(prior to LVAD
Implant)
LVAD Implant
Strategy
Bridge to 5 (38%) 17 (21%) 15 (65%) 2 (13%) 9 (26%) 24 (26%) 0.003 67
transplant/Short- (Destination | (27%)
term McS vs. All
Others)
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Group
A B C D E F Groups
B-F

No Pre- Withdrawn | Withdrawn/ Month 6 All Pre- and p-value Model
Assessments Implant for Heart Dropped Assessment Post- sample
Completed | Assessment | Transplant Out for Completed Implant (n=251)

(n=21) Only After Other (n:34)b Assessments

(n=84) Month 3 Reason Completed

(n=23)2 After (n=94)
Month 3
(n=16)

Possible bridge 0 (0%) 17 (21%) 4 (17%) 3 (20%) 2 (6%) 22 (24%) 48
to transplant/ (19%)
Possible short-
term MCS

Destination 8 (62%) 48 (59%) 4 (17%) 10 (67%) 23 (68%) 47 (51%) 132
therapy/Long-term (53%)
MCS
Etiology of Heart
Failure

Dilated 9 (69%) 48 (57%) 17 (74%) 11 (73%) 22 (65%) 65 (70%) 163
cardiomyopathy (65%)

Ischemic 2 (15%) 21(25%) | 5(22%) 3 (20%) 7 (21%) 22 (24%) (()I.Z;li?:ted w | 58
cardiomyopathy All Others) (23%)

Other 2 (15%) 15 (18%) 1 (4%) 1 (7%) 5 (15%) 6 (6%) 28

(11%)
NYHA Class

Class | 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%) 1 (0%)

Class 11 0 (0%) 1 (1%) 1 (4%) 0 (0%) 1 (3%) 2 (2%) 5 (2%)

Class Il 1(8%) 16(19%) | 7 (30%) 2 (13%) 6 (18%) 18 (19%) 0.568 (-1l | 49

vs. 1V) (20%)

Class IV 11 (92%) 67 (80%) 15 (65%) 13 (87%) 26 (79%) 72 (77%) 193

(78%)
Intermacs Profile

1 (critical 8 (67%) 39 (49%) 6 (26%) 5 (33%) 9 (28%) 25 (27%) 84
cardiogenic shock) (35%)
& 2
(progressive
decline)

3 (stable, but 2 (17%) 24(30%) | 1043%) | 8(53%) 14 44%) | 41 @5%) 3-568367)(1‘2 97
inotrope- ) (40%)
dependent)

4-7 (ambulatory | 2 (17%) 16 (20%) 7 (30%) 2 (13%) 9 (28%) 25 (27%) 59
advanced heart (25%)
failure)

Left Ventricular
Ejection Fraction

30+ (normal/ 0 (0%) 3 (4%) 1 (5%) 1 (7%) 4 (13%) 3 (3%) 12 (5%)
mild/moderate)

20-29 5 (38%) 32(40%) | 5 (26%) 6 (43%) 9 (28%) 17@0%) |t e | 69
(moderate/severe) All Others) (28%)

<20 (severe) 8 (62%) 45 (56%) 13 (68%) 7 (50%) 19 (59%) 67 (77%) 151

(61%)
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aPre—ImpIant Assessment missing for /=1 participant

bPre—ImpIant Assessment missing for /=9 participants; Month 3 Assessment missing for 7=27

Entries in the table represent the number of participants (percentage), unless otherwise specified. Missing data were excluded.
MCS: mechanical circulatory support

PRO: Patient-Reported Outcome

p-value for comparison of Groups A through F
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Table 3.

Mean PROMIS® Change Scores, by Change in Responsiveness Indicator (Anchor)

Page 24

PROMIS Measure and Mean PROMIS Change? from Pre-Implant to 3 Mean PROMIS Change? from 3 to 6 Months
Responsiveness Indicator Months Post-Implant Post-Implant
(Anchor)1

Better Same Worse p—value3 Better Same Worse p-value3

PROMIS Fatigue

EQ-5D-3L Usual -13.7(1.6) | -5.3(1.5) -3.5(3.1) <0.001 -34(21) | -19(1.49) 2.8(2.3) 0.132
Activities

6-Minute Walk Test -10.2(1.8) | -1.4(3.9) 1.2 (4.0) 0.017 -75(2.1) 1.1(2.0) -2.1(24) 0.015
PROMIS Physical Function

KCCQ-12 Physical 8.5(1.2) 4.6 (2.3) 2.7 (1.3) 0.005 2.1(9) -1.6 (1.9) -2(14) 0.139
Limitations

EQ-5D-3L Mobility 10.9 (1.3) 3.7(11) 1(2.2) <0.001 5.1 (1.6) 8(.8) -2.8(1.8) 0.005

Global Rating of Change 7.3(.8) 5.4 (2.4) -7(21) 0.003

6-Minute Walk Test 75(1.2) -4 (2.6) -4.9 (3.1) <0.001 2.1(15) -9(14) 1.1(1.7) 0.307
PROMIS Sleep Disturbance

PROMIS Quality of Life -6.5(1.1) -5.6 (2.1) 1.3(2.6) 0.024 -1.6(1.8) 14 (13) -2.2(1.8) 0.189

Global Rating of Change -8.1(1.2) -5.3(1.7) -.8(1.9) 0.006
PROMIS Sleep-related
Impairment

PROMIS Quality of Life -11.0(1.2) | -45(2.4) 6.1 (3.0) <0.001 -3.6 (2.0) 2(1.4) 4.2 (2.0) 0.024
PROMIS Depression

EQ-5D-3L Anxiety/ -5.2(1.6) -2.1(1.0) 5.8 (2.7) 0.002 -5.5(2.7) 6(1.1) 1.3(2.6) 0.104
Depression

PROMIS Emotional -7.1(11) | -191) 4.6 (1.5) <0.001 -6.3(1.3) | 1.0(10) 6.4 (1.9) <0.001
Problems

Global Rating of Change -3.8(1.0) -2.4(1.4) 47(2.2) 0.003
PROMIS Anxiety

EQ-5D-3L Anxiety/ -10.9(2.2) | -5.0(1.4) .7(3.5) 0.013 -6.1(3.2) 8(1.3) 3.8(3.0) 0.072
Depression

PROMIS Emotional -14.2 (1.4) | -51(1.4) 4.0 (1.9) <0.001 -5.3 (1.6) 9(1.2) 6.3 (2.4) <0.001
Problems

Global Rating of Change -9.5(1.3) -7.3(2.1) 22(2.4) <0.001
PROMIS Cognitive
Function

PROMIS Mental Health 6.8 (1.3) 4 (1.4) -7(.7) <0.001 2.2(1.9) 3(1.2) -2.5(1.6) 0.144
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PROMIS Measure and Mean PROMIS Change from Pre-Implant to 3 Mean PROMIS Change from 3 to 6 Months
Responsiveness Indicator Months Post-Implant Post-Implant
(Anchor)1
Better Same Worse p-value3 Better Same Worse p-value3

PROMIS Ability to
Participate in Social Roles
and Activities

KCCQ-12 Social 6.6 (1.2) 2.2(3.3) .8(2.8) 0.107 2.7(13) -23(24) | -3.0(17) 0.020
Limitation

EQ-5D-3L Usual 9.2(1.6) 3.1(15) -1.3(3.2) 0.003 1.2 (2.0) -5(1.3) -1.5(2.2) 0.644
Activities

PROMIS Social 8.9(13) 3.4 (1.7) -1.5(2.0) <0.001 45(1.3) 9(13) -5.5(1.5) <0.001
Activities

Global Rating of Change 9.2(1.1) 2.7(1.8) -2.5(1.9) <0.001
PROMIS Satisfaction with
Social Roles and Activities

PROMIS Social 9.5(1.4) 2.4 (1.9) -4.5(2.2) <.001 43(1.2) 5(11) -4.4 (1.3) <.001
Activities

1 . . . . -
Better, Same and Worse categories were defined by changes in the anchor (responsiveness indicator); see Methods

2
Mean Change: Least-squares mean (standard error)

3 . .
p-value for overall comparison of three categories (Better, Same, Worse)

---: Global Rating of Change was not measured at 6 months
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