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Abstract

Patient-reported outcomes (PROs) are reports of a person’s health status that provide a global 

perspective of patient well-being. PROs can be classified into four primary domains: global, 

mental, physical, and social health. In this descriptive review, we focus on how PROs can be 

used in cardiac clinical trials, with an emphasis on cardiac surgical trials for patients with 

coronary heart disease and heart failure. We also highlight ongoing challenges and provide 

specific suggestions and novel opportunities to advance the field of cardiac clinical trials. Current 

challenges include the long-term measurement of PROs in clinical trials beyond one year, 

inconsistency in the choice of the outcome measures among studies, and the lack of measurement 

of PROs across multiple domains. Opportunities for advancement include measuring PROs using 

consumer health informatics tools, including returning information back to participants in formats 

that they can understand using visualization. Future opportunities include quantifying cohort

specific minimally clinically important differences for PROs.

Brief Summary

Patient-reported outcomes (PROs) are reports of a person’s health status that are directly measured 

by a patient. PROs are often primary or secondary outcomes within cardiovascular clinical trials 

because they provide a patient’s perspective on the consequences of an intervention on quality 

of life and symptoms. As such, it is important to design trials that collect PROs across multiple 

domains of health (global, mental, physical, and social).

Introduction

Patient-reported outcomes (PROs) are reports of a person’s health status that are directly 

measured by a patient without interpretation by a healthcare professional.1 PROs provide 
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a global perspective of patient well-being, 2,3 and insight into multiple dimensions of 

health.4,5 PROs inform a holistic picture of where patients are on the disease trajectory 

during routine management recovery from a major clinical event, and before and after 

a cardiac intervention.6 Regulatory agencies (U.S. Food and Drug Administration) and 

international cardiac societies (European Society of Cardiology and the American Heart 

Association) recommend routine assessment of PROs in clinical trials.7,8 The International 

Society for Quality of Life Research (ISOQOL) has also published minimum standards 

for PRO outcome measures including: documentation of the conceptual and measurement 

model; evidence for reliability and validity; interpretability of scores; quality translation, and 

acceptable patient and investigator burden.9

The inclusion of PROs as endpoints in cardiac surgery clinical trials has grown over the last 

decade.10 PROs are now more commonly used in cardiac clinical trials as patient-centered 

endpoints to complement traditional clinical and health systems-centered outcomes.11 The 

growth in the inclusion of PROs has paralleled the survival benefits that many cardiac 

interventions provide for patients. For instance, coronary artery bypass grafting (CABG) has 

distinct survival benefits,12 so CABG studies are now measuring quality of life to optimize 

the years gained from the CABG surgery. In addition, patients want relief from mental 

and physical health symptoms that adversely impact their participation in activities of daily 

living and ability to participate in social interactions.13

In this descriptive review of the literature we focus primarily on cardiac surgical trials for 

patients with coronary heart disease and heart failure. We present a multi-domain approach 

using generic and cardiac-specific measures to advance cardiac clinical trials. We also 

discuss the ongoing challenges, and provide specific suggestions and novel opportunities 

to advance the field of cardiac clinical trials, such as quantifying cohort-specific and 

individually meaningful minimally clinically important differences for PROs.

Patient-reported outcomes

PROs fall into four primary domains: global, mental, physical, and social health (Figure 1). 

PROs can also be classified by whether they collect information that is generic to multiple 

conditions or specific to one disease. Generic PROs collect symptoms that are common 

among multiple chronic conditions, including fatigue, sleep impairment, decreased physical 

function, depression, and anxiety;14 whereas disease-specific PROs, focus on symptoms that 

are specific to a condition such as dyspnea or peripheral edema in heart failure, angina in 

coronary heart disease, and palpitations in atrial fibrillation.15

Quality of life can be measured with disease-specific measures that are validated for specific 

conditions, or generic instruments that can be measured across multiple conditions. Quality 

of life is commonly measured using generic measures, such as the EuroQol (EQ-5D) or 

Short-Form Health Survey (SF-36), which includes both a mental and physical component 

score (Table 1). Many of the quality of life instruments were initially developed in English 

and then translated using forward and backward translation into multiple languages.
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In 2004, the National Institutes of Health (NIH) developed a standardized way to 

measure generic PROs across patients with multiple comorbid conditions.4,5 The result 

was the Patient-Reported Outcomes Measurement Information System (PROMIS), a 

standardized series of validated PRO surveys measuring physical, mental, and social 

health.16 Researchers have used PROMIS in studies in numerous health disciplines to 

better understand multiple dimensions of research participants’ health.17 Specific benefits 

of the PROMIS measures are that they are freely available and have been translated and 

linguistically validated for use in multiple languages. Using PROMIS measures is especially 

useful among older adults with multiple chronic conditions. Since the instruments are 

disease-agnostic and designed to assess global domains of health, they can be compared 

between cardiac and other patient populations.

Overall, we suggest measuring PROs across all four domains (global, mental, physical, 

and social) using both generic and disease-specific outcome measures (Figure 2). Together 

these PROs can provide a patient’s unique perspective on the consequences of treatment 

or intervention in a clinical trial and specifically the impact that it has on symptoms and 

quality of life. When captured rigorously, PRO results can aid in decision-making, inform 

systematic reviews, meta-analysis, clinical guideline development and ultimately influence 

healthcare policy.

Relationship between PRO domains and outcomes in cardiac trials

Mental Health—Though mental health symptoms, such as depression and anxiety, put 

a substantial burden on patients and healthcare systems by reducing quality of life and 

increasing healthcare utilization, they are infrequently measured in cardiac clinical trials.18 

The most common tools to measure mental health include: PROMIS- Depression and 

PROMIS-Anxiety,19 Patient Health Questionnaire-9 (PHQ-9),20 and the Hospital Anxiety 

and Depression Scale (HADS).21 PRO data may reveal psychological distress and require 

response from a healthcare professional, termed as a PRO alert. The intervention protocol 

should include ethical guidance for PRO alerts, and a PRO management plan to reduce 

co-intervention bias.22,23

Among patients with severe coronary artery disease, the prevalence of depression is high 

prior to CABG surgery.24,25 Depression is associated with poor medication adherence 

(including immunosuppressant medications after surgery),26 lower participation in cardiac 

rehabilitation,27 and other cardioprotective lifestyle behaviors.28 Conversely, there is a 

positive association between adherence to prescribed medication and mental quality of 

life.29 Mental health outcomes are important to measure in cardiac clinical trials as patients 

who are depressed after surgery are at higher risk of poor clinical outcomes and loss to 

follow-up.18

Patients’ mental health after cardiac surgical interventions are also affected by their 

body image perception.30 One cardiac clinical trial strategy is to evaluate minimally 

invasive versus conventional techniques, hypothesizing that smaller incisions may reduce 

post-surgical distress about body image.31,32 After cardiac surgery, a patient’s altered 

body image perception can put them at higher risk of depression and anxiety.33 Body 

disfigurement associated with scars at multiple surgical sites can significantly alter body 
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image perception resulting in traumatic psychological effects, low self-esteem, and impair 

social interactions and functioning in both adult and pediatric populations.32,34 Specific 

body image outcome assessments include the Body Image Questionnaire (BIQ), Patient 

and Observer Scar Assessment Scale (POSAS) v2.0,31 and the Multidimensional Body

Self Relations Questionnaire (MBSRQ).35 In a study with CABG patients, a cardiac 

rehabilitation intervention was associated with better physical function and MBSRQ scores, 

indicating better body image postoperatively.33 Overall, prior to enrolling in a surgical 

cardiac clinical trial, there should transparent communication with patients about realistic 

expectations about the recovery process and postoperative body image.33

Physical function—The domain of physical function refers to the ability to do basic 

and instrumental activities of daily living,36 including routine activities such as walking, 

exercising, and playing sports. In cardiac clinical trials, there are multiple ways to measure 

physical function that are both generic and disease-specific for patients with multiple cardiac 

conditions. The most common PRO instruments used to measure physical function include: 

PROMIS-Short Form- Physical Function,37 SF-36 Physical Component Summary,38 and 

the Duke Activity Status Index (DASI).39 The compounding effect of distressing physical 

symptoms directly impacts mental health symptoms, and patients’ ability to participate in 

social activities (Figure 2).

Patients commonly consent to cardiac surgical trials with the goal of returning to normal 

levels of physical activity after recovering from surgery. Prior to surgery, many patients 

have deconditioned physical function, related to cardiac-specific symptoms such as angina 

on exertion, and increased levels of fatigue, which they hope cardiac surgery will 

improve.40 Angina relief is central to patient decision making around consenting to both 

percutaneous or surgical coronary interventions.41 In the hope of resolving angina, patients 

frequently overestimate the benefits of cardiac intervention and underestimate the risks 

(e.g. mortality, myocardial infarction, repeat revascularization, cerebrovascular events).42 

On the other hand, some patients are asymptomatic before surgery, including patients with 

life-threatening anatomical conditions (e.g. aortic aneurysms). Postoperatively, they will 

experience limitations in physical function, but return to full functional capacity and quality 

of life is expected.

In the immediate postoperative period after CABG, physical function is severely impaired 

due to postoperative pain. The patient’s expectations of pain intensity and duration 

preoperatively are predictive of postoperative outcomes because those expectations impact 

all aspects of clinical management and rehabilitation.43,44 Importantly, changes in physical 

function after surgery are an important indicator of recovery, and poor physical functioning 

can be an early indicator of post-surgical complications. For example, in patients recovering 

from transcatheter aortic valve replacement, reduced gait speed was associated with almost 

a four-fold increased risk of mortality or rehospitalization, compared to patients with normal 

gait speed.45

In an effort to accelerate recovery time, surgical innovations over the last decade have 

been moving the field from conventional to minimally invasive access and robotic surgeries. 

The benefits of a smaller incision include faster and less painful recovery, a more rapid 
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return to work,46 and normal functional activities. In one study that compared robotic 

versus conventional surgery they reported faster functional recovery (measured with DASI), 

quicker return to work (median, 33 vs 54 days), and improved quality of life (measured 

with SF-12) in the robotic intervention.47 Another example is the LImited Access aortic 

valve Replacement (LIAR) trial, which compares aortic valve replacement with minimally 

invasive access versus a full median sternotomy approach48 and uses the Kansas City 

Cardiomyopathy Questionnaire (KCCQ) as the primary study outcome. Overall, long-term 

limitations in physical function can put clinical trial participants at higher risk of poor 

outcomes which could affect the trial findings and conclusions.49

In advance of consenting patients to a cardiac surgery clinical trial, we suggest setting 

realistic expectations about the typical timeline for recovery and for resuming normal 

physical activities. After the postoperative recovery period, many patients experience 

psychological distress and anxiety over a perceived risk of potential cardiac complications. 

An area of anxiety for patients is when they can safely return to normal exertional 

activities, and to what degree after discharge from the hospital. Patients report wanting 

to be able to safely resume normal functional activities,50,51 including routine exercise, 

recreational sports, sexual activity,52 and any activity that includes increased degrees of 

exertion. Another example is with patients after an aortic dissection, some patients have a 

compromised perception of their cardiac function (e.g. fearing that their heart will suddenly 

stop), and are attuned to any potential body signals that could indicate postoperative 

complications.53 This subconscious anxiety can cause a profound sense of distress affecting 

both mental and physical well-being.53

Physical function and pediatric cardiac conditions—Cardiac disease impacts 

multiple dimensions of a child’s development, as such, PROs should be measured across 

the domains in pediatric patients to capture any adverse impacts on normal development. As 

length of survival among congenital heart disease patients increases, there has been a shift 

from survival to quality of life. PRO reporting among pediatric patients can either be self

administered, for patients typically over 8 years of age for PROMIS measures or by parents/

guardians on behalf of children. The PedsQL 4.0 questionnaire was used in a multicenter, 

randomized clinical trial evaluating the efficacy of Ivabradine for reducing heart rate by 

>20% in children with dilated cardiomyopathy and symptomatic heart failure.54 Children 

aged 5–18 filled in the questionnaire themselves, while younger children’s questionnaires 

were reported by their parents. Patients in the Ivabradine arm showed a reduction in 

heart rate together with improvement in myocardial function and quality of life compared 

to children in the placebo group.54 Common instruments for measuring pediatric PROs 

include the PedsQL 4.0 questionnaire,55 and PROMIS Measures for Pediatric Self-Report, 

including Cognitive Function, Emotional Distress, Physical Activity, and Peer and Family 

Relationships.56

Children with congenital heart defects require multi-staged operations which can have long

term impacts not just on their physical and mental health,57 but also their social health.58,59 

Reduced physical function, together with persistent symptoms and treatment needs are 

associated with school absences and ultimately could impact educational attainment.60,61 

With pediatric patients, we suggest measuring PROs across all four domains because of 
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the sensitive nature of child development and the need for early intervention if there are 

deficiencies in specific domains.

Social Health—The social health domain of PROs includes all aspects of being able to 

participate in social roles and activities with family, friends, and community members. 

Common ways to measure the domain of social health in clinical trials is by using 

specific PROMIS measures including: PROMIS- Ability to Participate in Social Roles and 
Activities, PROMIS- Satisfaction with Social Roles and Activities, and PROMIS- Social 
Isolation. Though the specific social activities differ, the ability to meaningfully participate 

in social roles is valued by patients across cultures, countries, and languages.62 Specific 

physical and mental health symptoms (e.g. pain, fatigue, incontinence, depression) that 

infringe on the ability to participate in important social roles and relationships are associated 

with detrimental impacts on patients’ overall quality of life. For instance, anxiety is common 

among participants with heart failure who are prescribed diuretics about engaging in normal 

social activities.63,64 Likewise, there is the potential for limitations to social health for 

patients who have advanced heart failure treated with left ventricular assist devices,65,66 

by being tethered to an electric source,67,68 not being able to participate in water-related 

activities,69 and living with an external cable that can adversely impact patients’ self-image 

and body concept.70

For patients enrolling in cardiac surgical trials, their social health has frequently been 

impaired prior to surgery due to disease severity and limitations in physical function, which 

naturally leads to less participation in social activities and roles. A common pattern after 

surgery is for physical, mental, and social health to worsen in the first few weeks after 

discharge, then progressively recover over about 6-months.71 In a study that monitored 

physical recovery with the Sickness Impact Profile (ambulation, sleep-rest, body movement, 

and self-care), and social recovery (home management, social interaction, and recreational 

activities) after coronary revascularization surgery, patients with slower physical and social 

recovery were at higher risk of developing depression 1 week and 3 months after surgery.71 

Physical limitations (e.g. pain at the surgical site, reduced exertional capacity, loss of 

appetite, and sleep disturbances) in the first four weeks after surgery were also associated 

with higher risk of depression and disruption in the recovery of social health.72 Cultural and 

geographical factors also have a significant impact on social health after surgery, especially 

in collectivistic cultures in which social interactions are fundamental to daily living.71

Increasingly, loneliness is having a detrimental effect on the health of older adults, and this 

has been exacerbated by COVID-19.73 The impact of loneliness on patients with severe 

cardiac conditions, including heart transplantation adversely impacts quality of life, and 

other clinical outcomes.74,75 Among 13,443 patients with cardiac diagnoses, there was a 

significant increase in 1-year all-cause mortality risk in patients who reported being lonely.76 

Relevant to clinical trials, patients with higher levels of loneliness could be at more risk 

of loss to follow-up. We suggest measuring loneliness as part of the preoperative risk 

assessment using the UCLA Loneliness scale77 or PROMIS-Social Isolation scale78 as a 

potential explanatory factor for why some participants may have been lost to follow-up.
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Use of PRO outcome measures in clinical trials

When PROs are included as primary or secondary trial endpoints, PRO-specific components 

are needed in clinical trial protocols, such as the SPIRIT-PRO Extension,79 to facilitate 

robust data collection, lower rates of avoidable missing data, and more informative 

data.80 The SPIRIT-PRO Extension includes eleven additions and five elaborations to their 

previous checklist for protocols to minimize missing data.79 The reporting of PRO data 

in publications should be done so using the (Consolidated Standards of Reporting Trials) 

CONSORT PRO extension.81

Coronary artery revascularization

Over the past decade, there has been a trend towards including generic PRO measures as 

secondary outcomes in randomized coronary revascularization trials.82,83 There is an inverse 

correlation between higher preoperative Society of Thoracic Surgeons risk scores and lower 

quality of life (measured with PROMIS Global Health).84 In four large CABG trials, “Future 

Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal Management of 

Multivessel Disease” (FREEDOM), “Randomized On/Off Bypass” (ROOBY), “Synergy 

between PCI with Taxus and Cardiac Surgery” (SYNTAX), and “Evaluation of XIENCE 

versus Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization” 

(EXCEL), at least one PRO measure was included in each trial as a secondary outcome 

(Table 2).85–87 Among the listed cardiac surgery trials, the most common generic measure 

was the SF-36 or SF-12, and the most common disease-specific PRO was the Seattle Angina 

Questionnaire,86,88,89 with the EQ-5D also being intermittently measured.89–91 Most of the 

trials consistently reported improvement in PRO outcomes from the preoperative baseline 

to 1-year.85,86,89 The International Study of Comparative Health Effectiveness with Medical 

and Invasive Approaches (ISCHEMIA) trial, was an impactful coronary revascularization 

RCT, whose study hypothesis was neutral, but the pre-specified analysis focusing on 

angina frequency was positive in favor of an invasive strategy in patients with coronary 

ischemia.92 Together the findings across FREEDOM, EXCEL, ISCHEMIA are important 

for documenting the benefits of cardiac interventions on quality of life.

PROMIS measures are also being used in coronary revascularization studies to measure 

PROs across multiple domains. In a newly designed international prospective randomized 

trial, “Randomized comparison of the clinical Outcome of single versus Multiple Arterial 

grafts: Quality of Life” (ROMA:QOL) trial (ClinicalTrials.gov #NCT03217006), PRO 

measures are being measured pre and post-surgery using both generic and disease-specific 

outcome measures across all four PRO domains. In the ROMA:QOL trial, the two CABG 

interventions being compared are multiple arterial grafts versus single arterial grafts. The 

hypothesis of this study is that patients in the multiple arterial graft arm will have longer

term benefits across all PROs compared to the single arterial graft arm. In order to capture 

the long-term differences between these two surgical techniques, PROs are being measured 

for a median of 4-years. Overall, we suggest that cardiac surgical trials include PROs 

across the domains that are most relevant to the specific intervention under evaluation. The 

ROMA:QOL study is the first global CABG trial to include a PRO as a primary outcome 
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measure. This shift towards a PRO as primary study outcome reflects a broader trend 

towards asking research questions that focus on patient’s perspectives of their own health.

Heart failure trials

Traditionally, heart failure trials commonly include primary outcomes focused on mortality, 

hospitalizations, or composite adverse outcomes. Other common trial endpoints include 

physiologic parameters (e.g. NTproBNP, blood pressure) at specific time points. A 

systematic review of heart failure trials from 2005–2008 reported that only 16% of trials 

measured at least one PRO.93 The Prospective Comparison of ARNI [angiotensin receptor–

neprilysin inhibitor] with ARB [angiotensin-receptor blockers] Global Outcomes in HF 

(PARAGON-HF) trial included 4,822 patients with heart failure with preserved ejection 

fraction. Though there was no difference in clinical outcomes between the valsartan vs 

sacubitril/valsartan arms, there was a trend towards better KCCQ values in the latter group. 

As this trend was statistically borderline, the implementation of other PROs could have 

provided more insights regarding treatment efficacy to support shared decision making with 

patients. Patients should be aware of the differences in risks to their health status between 

medications over time so that they can make informed decisions about which medications to 

take.

Challenges and Opportunities

Balancing measurement properties and burden

When designing a cardiac clinical trial and selecting PRO outcome assessments, it should 

be guided by the specific intervention and health condition being evaluated. The COnsensus

based Standards for the selection of health Measurement Instruments (COSMIN) database 

of systematic reviews of outcome measurement instruments has also published three 

checklists for designing a study (COSMIN Risk of Bias checklist for PROMs), reporting 

study measurements (COSMIN Risk of Bias tool to assess the quality of studies on 

reliability or measurement error of outcome measurement instruments), and to report 

missing data (COSMIN Study Design checklist).94–96 When selecting PRO measurements, 

the measurement properties of the instruments (reliability, measurement error, internal 

consistency, content validity, construct validity, criterion validity, cultural validity, 

responsiveness and interpretability) should be taken into consideration.97 Investigators need 

to balance instrument burden for patients, caregivers and research staff, with instrument 

measurement properties. Instruments that are too long, or the selection of too many 

instruments, can expose a study to a higher risk of missing data. Higher rates of missing 

PRO data can reduce power in a study, increase standard error, and weaken the effects of 

randomization.98 Further, data may be missing from the most vulnerable patients with the 

poorest outcomes so this can reinforce response bias.99 All trials including PRO outcomes 

should have strategies in place to address these risks.

Choosing global or disease-specific measurement outcomes

A resource for evaluating which outcome measures other researchers have used in similar 

disease populations includes the Core Outcome Measures in Effectiveness Trials (COMET) 
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database.100 When the purpose is high-level symptom monitoring, generic global measures 

of quality of life, such as PROMIS short forms or Global Health could be used. Disease

specific measures are more sensitive to changes in quality of life than generic outcome 

assessments.101 We do suggest inclusion of the EQ-5D to facilitate cost-effectiveness 

analysis as the EQ-5D provides a measure of utility used to determine quality adjusted 

life years.102,103

Long-term assessment of PROs

A current limitation of most cardiac trials is the short duration of follow-up (typically six

months to 1 year), despite PROs being relevant for the duration of patients’ cardiovascular 

illness. While improved survival from a cardiac intervention is paramount, what also matters 

to patients is whether they will have sustained physical function and whether they can 

participate in the activities that they most enjoy.104 When patients are making decisions 

about participating in a cardiac clinical trial, they want to know whether it will impact how 

they feel not just three to six months after surgery, but if it will make a difference on their 

physical function and ability to participate in their social roles two, three and even five years 

after the intervention. Ultimately, patients prioritize feeling better so measuring PROs over 

the duration of trial follow-up, especially beyond 1-year, is suggested when resources are 

available.

Consumer health informatics tools for virtually measuring PROs in clinical trials

Consumer health informatics (CHI) tools are patient-facing digital tools that can be used 

by patients to directly report PROs. CHI tools can help to overcome barriers to accessing 

enrollment into cardiac clinical trials and can facilitate enrollment in the context of daily life 

without needing to attend an in-person visit. This is very timely, especially in the context 

of COVID-19 where many cardiac trials have been forced to pivot to virtual enrollment 

and follow-up.105,106 There are pragmatic barriers both to virtual enrollment and follow

up, especially among participants with low technology experience. For instance, some 

participants are unaware that they should check their spam filters for emails that have been 

automatically sent from a research data collection tool such as REDCap. Cardiac clinical 

trials, such as ROMA, which were designed with virtual follow-up have the advantage of 

fewer barriers to follow-up.

Using CHI tools can also help empower patients to report symptoms that are stigmatized 

or less frequently discussed with healthcare professionals.107 The inclusion of symptoms 

in a CHI tool normalizes the symptom and provides reassurance that the symptoms are 

experienced by other patients with the same condition. In a cardiac informatics intervention 

using the web-app, mi.Symptoms, 168 patients with heart failure were asked to report PROs 

across all four domains, including fatigue and pain interference with sexual satisfaction. 

Overall, 50.4% of patients reported fatigue-related impairment, and 38.6% reported pain

related impairment on sexual satisfaction.108 This information was important because 

participants also disclosed that impairment to sexual satisfaction was a reason why some 

had stopped taking some of their cardiac medications.107 The use of CHI tools can help 

overcome barriers and stigma around talking about sensitive topics such as sexual function 

or mental health.
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Using CHI tools to measure PROs can also advance health equity109 in cardiac clinical trials 

by reducing barriers to access and by reaching a more diverse group of patients.110 For 

example, more patients can be reached by virtual recruitment and follow-up than in-person, 

and barriers to enrollment in a study, such as being able to attend an in-office visit, are 

reduced. In Table 3 specific CHI tools, including patient portals, smartphone applications, 

and two research platforms (REDCap and ClinvestiGator) are described with methods for 

collecting and sharing PRO data.109 These electronic tools are beneficial because they can 

send notifications (via email or text) to participants to complete their PRO assessments 

rather than having participants come in for a face-to-face in-person follow-up appointment.

Returning PROs research data to patients

Patients report that viewing their PROs is highly informative when monitored and reported 

over time.2 PROs provide insight into changes in current health status (i.e., symptoms, 

functioning, and quality of life).2,3,111 When PROs are measured on patients as part of 

cardiac clinical trials, they should be returned to patients to support them with ongoing 

disease management.109 Despite the value of PROs for the research community, policies and 

governance on the ownership of PRO data and whether it should be returned to research 

participants are in nascent stages. Moreover, associated ethical obligations have been largely 

unexplored. Overlooking these ethical obligations could erode public trust in participation in 

biomedical research broadly, including cardiac clinical trials.

Visualization of PROs

If PRO data is returned to participants in a clinical trial, the question is what format the 

data should be displayed in so that participants understand the data.112 Comprehension of 

the visualized health information is critical, as sharing raw results without interpretation 

can be both ineffective and make it difficult for the patient to understand their own 

information.113,114 Returning meaningful health information for patients across the 

continuum of health literacy, numeracy, and technology experience is an ongoing challenge. 

When written questionnaires are inaccessible, it may preclude patients’ engagement 

with PROs98,115 and cause intervention-generated inequity, a phenomenon where well

intentioned interventions worsen existing health disparities rather than reduce them.50–52

In a study of patients with heart failure, a web application was developed to collect 

and return PROs to patients.116,117,118 In order to enhance content comprehension the 

visualizations were tailored for older adults,118 and for those with low health literacy and 

numeracy.119 The web-app is now integrated with REDCap and can be used to collect 

multiple, brief PRO surveys, and display real-time, tailored symptom status visualizations. 

The health information is displayed as visual analogies to support varying levels of 

health literacy, graph literacy, and numeracy (Figure 3).112,120 In a cross-sectional survey 

conducted in 2020 among 300 adults over 50 years of age from the U.S,121 the vast 

majority of participants reported a strong desire to receive PROs back (79% agree/strongly 

agree), and in easily comprehensible formats (88% agree/strongly agree). It is becoming an 

expectation from patients for researchers to return PROs back to patients so that they can be 

used to support the management of their own health.
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Making clinical use of PROs by establishing minimal clinically important differences 
(MCIDs)

One reason why PROs are not routinely collected as part of cardiac clinical trials is that 

many healthcare professionals are unsure of how to meaningfully use them. A barrier to 

their routine use is that there are not established minimal clinically important differences 
(MCIDs), or the smallest amount a PRO must change for it to be clinically meaningful to 

a patient.122 Existing MCIDs are generic for cardiac populations (e.g. MCID for physical 

function 2.5–6.5, fatigue 2.5–6.5 or anxiety 3.0–8.0 after a stroke),123 but not specific for 

patients after a CABG surgery or patients with heart failure after a hospitalization. For 

patients after CABG, we would expect dramatic short-term fluctuations in health status 

that worsen after surgery but recover over time, compared to patients whose coronary heart 

disease is stable. Likewise, for patients with heart failure, we anticipate unique MCIDs 

for patients with heart failure who are stable in ambulatory care versus patients with heart 

failure who have been admitted to the hospital and are recovering from a hospitalization. 

Overall, we suggest that researchers invest in quantifying MCIDs within cohorts of cardiac 

clinical trials so that PROs can be clinically meaningful.

Limitations of measuring PROS in the context of clinical trials

There are a few limitations to acknowledge when measuring PROs in clinical trials. A long 

battery of outcome assessments can be time consuming for a participant to complete and 

repeat at follow-up time points. Low technology experience, education level, and cognitive 

impairments can also make it difficult for a participant to complete electronic PROs at 

multiple time points. While the PRO reporting tools are validated for use in multiple 

languages and across disease groups, the use of the tools is not standardized across clinical 

trials. As a result, comparisons across datasets and studies are hampered because of lack of 

standardization in the instruments used.

Conclusion

We propose using a multi-domain approach for the conceptualization and measurement 

of PROs, which incorporates best practices from COSMIN for the selection of 

instruments across multiple domains and includes both generic and disease-specific outcome 

assessments. We also support using both the SPIRIT-PRO Extension for the development of 

the protocol for measuring PROs and the CONSORT-PRO Extension for publishing PRO 

findings. Importantly, we also need to generate a more substantive body of evidence on the 

long-term impact of cardiac interventions. As such, long-term outcomes need to be assessed 

across cardiac clinical trials. Digital data collection for follow-up in cardiac trials can reduce 

the burden on research staff who historically have had to make phone calls or see patients 

in-person to collect follow-up information. CHI tools that keep protected health information 

secure, can help relieve the data collection burden from research staff and bridge barriers 

for patients coming into the office for initial enrollment or follow-up appointments. Digital 

data collection also allows for the return of PROs back to patients in a comprehensible 

format to support their own symptom management and engagement in long-term clinical 

trial follow-up. Future directions for the collection of PROs in cardiac clinical trials include 
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standardizing MCIDs for specific cohorts of cardiac patients to support health care teams 

with understanding whether patients are in stable, recovering, or declining health status.
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Figure 1. 
Four patient-reported outcome domains

Abbreviations: DASI: Duke Activity Status Index, EQ-5D: Euro-Qol-5D, GADS: 
Generalized Anxiety Disorder

Assessment, HADS: Hospital Anxiety and Depression Scale, MoCA: Montreal Cognitive 

Assessment, Neuro-QoL:

Quality of Life in Neurological Disorders, PHQ-9: Patient Health Questionnaire-9, 
PROMIS: Patient Reported

Outcomes Measurement Information System, SF-12, SF-36: Short Form Health Survey 

12-item, 36-item
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Figure 2. 
Cycle of impaired physical, social, and psychological function
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Figure 3. 
Example of PRO visual analogy
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