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Abstract 

Background: The aim of this systematic review was to describe the prognostic value of patient‑reported outcome 
measures (PROMs) in adult heart‑transplant (HT) patients.

Methods: A systematic search was performed on Ovid Medline, CINAHL Plus, Web of Science, and PubMed. The 
study protocol was registered on the PROSPERO database (CRD42021225398), and the last search was performed on 
January 7, 2021. We included studies of adult HT patients where generic and disease‑specific PROMs were used as 
prognostic indicators for survival, readmissions, HT complications, and the onset of new comorbidities. We excluded 
studies that used clinician‑reported and patient‑experience outcomes. The Quality in Prognosis Studies tool (QUIPS) 
was used to measure the risk of bias of the included studies.

Results: We included five observational studies between 1987 and 2015, whose populations’ mean age ranged from 
43 to 56 years and presented a higher proportion of males than females. The Kansas City Cardiomyopathy Question‑
naire demonstrated a negative correlation with readmissions (coefficient = − 1.177, p = 0.031), and the EQ‑5D showed 
a negative correlation with the onset of neuromuscular disease after HT (coefficient = − 0.158, p < 0.001). The Millon 
Behavioral Health Inventory and the Nottingham Health Profile demonstrated a statistically significant association as 
survival predictors (p = 0.002 and p < 0.05, respectively). A moderate overall risk of bias was reported in three stud‑
ies, one study resulted in a low risk of bias, and a proportion of more than 75% of males in each of the studies. High 
heterogeneity between the studies impeded establishing a link between PROMs and prognostic value.

Conclusion: There is low evidence supporting PROMs usage as prognostic tools in adult HT patients. Comparing 
outcomes of PROMS to routine prognostic in wider and systematic settings is warranted. Systematic use of PROMs in 
clinical settings is warranted.
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Introduction
As the population ages and the prevalence of heart fail-
ure increases, Heart transplantation (HT) has become 
the definitive lifesaving treatment for end-stage heart 
failure. HT replaces a diseased heart with a healthy heart 

donated by deceased donors after brain death or circula-
tory death with the ultimate goal of increasing patients’ 
quality of life and lifespan. HT are patients who have end-
stage heart failure and HT is the only option when other 
treatments have failed. End-stage heart failure is mainly 
secondary to coronary heart disease, although viral infec-
tions or hereditary conditions [1].

HT provides the greatest long-term survival for end-
stage heart-failure patients [2] and yields improvements 
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in functional status, mental health, and overall quality of 
life (QoL) [3]. However, the improvement of short- and 
long-term post-transplant outcomes is jeopardized by the 
worldwide shortage of donor organs [4]. In the United 
Kingdom, 174 heart transplants were performed in 2020, 
which represents a decrease of 5% from the number per-
formed in the previous year [5], while in the same period 
in Spain, 278 heart transplants were performed, repre-
senting 7% decrease compared to 2019 [6]. In the USA, 
a total of 3,658 HT were performed in 2020, represent-
ing an increase of 3% from 2019 [7], although the ratio 
of transplants performed to available donors decreased 
[8]. Moreover, there are a limited number of HT centers 
in the USA, leading to differences in outcomes and qual-
ity of care across the country [9]. In addition, the fragility 
of HT systems was exposed by the COVID-19 pandemic, 
increasing the total number of waitlist and reducing the 
HT volume in the USA [10]. Thus, it is of the utmost 
importance to identify the key risk factors involved in 
HT and carefully select recipients and donors to optimize 
patient outcomes while conserving resources.

HT’s challenges are not limited to a shortage of donor 
organs. After successful HT, patients may suffer the onset 
of a myriad of new comorbidities such as diabetes, can-
cer, and opportunistic infections [11–14]. In addition, 
patients awaiting HT have reported more than 30 pre-
operative stressors, such as the stigma associated with 
receiving donated and waiting for heart donors to be 
found [15].

In order to measure patients’ health conditions before 
and after HT, patient-reported outcomes (PROs) pro-
vide a direct report of health status from the patients’ 
perspective while avoiding the interpretive bias of 
healthcare providers and complement objective health-
status measures such as laboratory and imaging tests. 
The instruments used to assess PROs, usually in the form 
of structured self-report questionnaires, are denomi-
nated patient-reported outcome measures (PROMs) [16], 
consisting of domains that outline a determined skill or 
ability. For example, the EQ-5D is one of the most used 
PROMs in the world, and it is composed of five domains: 
mobility, self-care, usual activities, pain and discomfort, 
and anxiety and depression [17]. In addition, PROMs 
can be designed and validated to assess general aspects 
of health (generic PROMs) or health-related aspects of a 
given disease (disease-specific PROMs) (Fig. 1).

Numerous studies have separately studied the impact 
of HT on quality of life [18] and the prognostic value of 
PROMs mainly in heart failure populations [19]. How-
ever, the independent prognostic value of PROMs in HT 
patients has not been evaluated despite its promising use 
to improve decision-making processs [19]. In addition, 
the use of PROMs in HT patients is not standardized and 

may be limited due to financial constraints [20]. Thus, a 
more comprehensive understanding of the actual prog-
nostic function of PROMs in HT patients is imperative 
to sustain a rationale before incur in the expenditure and 
efforts of developing a widespread implementation of 
routine collection of PROMs in HT patients within clini-
cal settings.

We hypothesize that the systematic use of PROMs in 
HT patients would serve as an independent prognosis 
tool beyond clinical and laboratory indicators, would 
equip caregivers with a valid and more comprehensive 
understanding of the patient’s disease, a better selection 
and timing of when to perform HT, and in turn improve 
outcomes, such as mortality, morbidity, and quality of 
life. Therefore, we conducted a systematic review of the 
available literature to determine whether PROMs are 
used systematically in clinical practices and whether they 
act as prognostic indicators in HT patients.

Methods
Search strategy, inclusion and exclusion criteria
We followed the PRISMA group guidelines to iden-
tify, select, appraise, and synthesize the studies 
included in this manuscript [21], and the study proto-
col was registered on the PROSPERO online database 
(CRD42021225398) before search execution. We per-
formed a comprehensive search on Ovid Medline, 
CINAHL Plus, Web of Science, and PubMed, includ-
ing only studies in English, without a publication date 
restriction. The last search was performed on January 
7, 2021, and the detailed search strategy is presented in 
Additional file 1: Appendix 1.

Tables 1 and 2 detail the inclusion and exclusion crite-
ria, respectively. In summary, we included studies in adult 
HT patients where generic and disease-specific PROMs 
were used as prognostic indicators and collected before, 
before and after, or after HT, without restrictions regard-
ing the time intervals when PROMS were collected. The 
intended primary outcomes if data were available were 
survival and readmissions at 1  month, 6  months, and 
1  year, while the secondary outcomes were the propor-
tion of HT complications and the onset of new comor-
bidities after the HT. We excluded studies where PROMs 
were not used as prognostic indicators. Studies that used 
clinician-reported and patient-experience outcomes were 
also excluded due to the lack of standardization and defi-
nition about their use.

After duplicates were removed, two independents 
reviewers (BPV and SA) screened the abstracts by the 
titles resulted from the research. The full-text analysis 
followed, based on the inclusion and exclusion criteria 
and independently completed by two reviewers (BPV and 
JHM). A third independent reviewer (SA) resolved any 
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Fig. 1 This figure describes PRO’s and PROMs’ definitions and the two categories of PROMs

Table 1 Inclusion criteria

Population: heart transplant patients > 18 years old
Intervention: generic and disease specific instruments developed, validated and tested for measuring patient‑reported outcomes
Primary outcomes:
Survival rates at 1 month, 6 months, 1 year
Readmissions at 1 month, 6 months, 1 year
Secondary outcomes:
Proportion of heart transplant complications: infections, graft vascular disease, organ rejection, etc
Proportion of onset of new comorbidities
Studies: Randomized clinical trials, observational studies such as case series and case reports involving >  = 10 patients, case–control studies, and 
cohort studies
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disagreements at this stage. Two independents reviewers 
(BPV and JHM) manually extracted data regarding popu-
lation and study characteristics, as well as the PROMs’ 
domains and study outcomes.

Risk of bias assessment
The Quality In Prognosis Studies (QUIPS) tool was used 
to measure the risk of bias of the included studies. QUIPS 
evaluates the validity and the biases in studies of prog-
nostic factors [22]. Two independent reviewers (BPV and 
JHM) performed the risk of bias assessment, and a third 
independent reviewer (SA) resolved any disagreements, 
if necessary.

Data analysis and synthesis
We summarized the characteristics of the included stud-
ies (study design, follow-ups, and mean age) and the 
characteristics of the PROMs used in the studies (type 
of PROMs, the statistical model used to determine the 
prognostic value, and the measures of effect, such as 
regression coefficient values or hazard ratios). However, 
we were unable to perform a meta-analysis, because the 
included studies used different PROMs, measured differ-
ent outcomes, and applied different follow-up intervals, 
resulting in high heterogeneity between the studies and 
impeding their comparison.

Results
Eligible studies and overview of study characteristics
A total of 13,981 records were identified from system-
atic searches in four databases (Ovid Medline, CINAHL 
Plus, Web of Science, and PubMed). After 473 duplicated 
references were eliminated, we screened 13,508 titles 
and abstracts, assessing 37 full-text studies for eligibility 
(see Fig. 2). The main reason for excluding studies was a 
wrong study design, which were studies that did not meet 
the inclusion criteria based on the population of study, 
the use of generic and disease-specific PROMs as prog-
nostic tools, outcomes, and type of study (see Table  1). 
A detailed list of the excluded studies with rationales is 
available in Additional file 1: Appendix 1.

We included five observational studies between 1987 
and 2015, whose populations’ mean age ranged from 
43 to 56  years, and a proportion of more than 75% of 
males in each of the studies (Table 3). We did not iden-
tify randomized clinical trials that evaluated PROMs 

as prognostic indicators after our systematic review. 
PROMs were collected before and after HT in three stud-
ies [23–25] and only after HT in two studies [26, 27], 
with follow-up intervals that ranged from three months 
to 10 years after HT. Three studies were from the United 
States, one was from Spain, and one was from the United 
Kingdom.

The proportion of patients that participated in the 
study by eligible individuals ranged from 33 to 94%, while 
the proportion of patients that completed PROMs was 
higher than 85% in all the studies except for White-Wil-
liams et al.’s which reported 39% completion of PROMs.

Qualitative assessment
Table 4 depicts the QUIPS risk-of-bias assessment for the 
five included studies, including an overall risk assessment 
based on six domains: study participation, study attrition, 
prognostic-factor measurement, outcome measurement, 
study confounding, statistical analysis-reporting. A mod-
erate overall risk of bias was reported in three studies [23, 
25, 26], one study resulted in a low risk of bias [27] and 
one resulted study in a high risk of bias [24]. The detailed 
risk-of-bias assessment for each of the included studies is 
available in Additional file 2: Appendix 2.

Descriptive analysis: PROMs as a prognostic indicator in HT
All the studies performed multivariable prognostic-
model analysis to correlate PROMs and outcomes. 
PROMs demonstrated a statistically significant correla-
tion as a prognostic indicator in four of the five included 
studies [23–26] (see Table  5). Generic and disease-spe-
cific PROMs were used in three studies [23, 26, 27], while 
the remaining two studies used only generic PROMs [24, 
25] (see Table 6).

Delgado et  al. showed a statistically significant nega-
tive correlation between the generic PROMs EQ-5D and 
post-HT neuromuscular and urological diseases (coef-
ficient = − 0.158, p < 0.001, and coefficient = − 0.183, 
p < 0.001, respectively), while the disease-specific Kansas 
City Cardiomyopathy Questionnaire (KCCQ) showed a 
statistically significant negative correlation with readmis-
sions (coefficient = − 1.177, p = 0.031) and vascular-graft 
diseases (coefficient = − 10.198, p = 0.013).

Farmer et al.’s and White-Williams et al.’s studies were 
part of the same prospective cohort that analyzed the 
health-related quality of life outcomes in HT patients 

Table 2 Exclusion criteria

Population: heart transplant patients < 18 years old
Intervention: clinician‑reported and patient‑experience outcomes. Studies where PROMs were not used as prognostic indicators
Studies: case series and case reports involving < 10 patients, narrative, scope, systematic reviews or meta‑analysis, editorials, education papers, 
conference abstracts, protocols, guidelines, reports, theses, or book chapters
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using three disease-specific PROMs and two gener-
ics PROMs (see Table  6). Farmer et  al. showed that the 
social- and economic-satisfaction domain of the Quality 
of Life Satisfaction Index presented a hazard ratio of 0.05 
for mortality at five and 10 years after HT ( 95% CI [0.00, 
0.75], p = 0.03). However, this correlation was not dem-
onstrated by White-Williams et al.

O’Brien et al. described the Nottingham Health Profile 
(NHP) prognostic value score, a generic PROM with a 
scale between zero and 100 where a lower scorer repre-
sents a higher quality of life. The NHP showed a positive 
correlation with mortality (coefficient = 0.0364, p < 0.05).

Harper et  al. evaluated the generic PROM Millon 
Behavioral Health Inventory (MBHI), which was a sta-
tistically significant predictor of survival (p = 0.002). The 
MBHI domains future-despair domain and life-threat 
reactivity were associated with higher post-transplant 
infection rate (coefficient = 0.65*, p = 0.001, and coef-
ficient = − 0.44*, p = 0.02, respectively). The authors 
also estimated the utility of the MHBI in predicting 

post-transplant care using the care-rate index, which 
reflected the use of post-HT care by weighting the days 
of hospitalization, the outpatient visit days, and the 
number of days of survival. The care-rate index showed 
a statistically significant positive correlation with pain-
threat responsivity and cooperative-coping style (coef-
ficient = 0.44, p < 0.001, and coefficient = 0.21, p = 0.037, 
respectively).

Discussion
To our knowledge, this is the first comprehensive sys-
tematic review that evaluated PROMs as prognostic 
indicators in HT patients. We reported that PROMs 
demonstrated statistically significant prognostic predic-
tion in four of the five included studies [23–26]. Farmer 
et al. and White-Williams et al. studied the same cohort 
of patients as part of a prospective study of health-related 
quality of life. While Farmer et al. described a statistically 
significant association between PROMs and survival, this 
association was not observed by White-Williams et  al. 

Fig. 2 .



Page 6 of 14Villa et al. Journal of Patient-Reported Outcomes            (2022) 6:23 

The remaining three studies that showed statistically sig-
nificant prognostic value presented high heterogeneity, 
which impeded a comparison between studies. There-
fore, the results of this systematic review are limited to 
support the value of PROMs as a prognostic indicator in 
HT patients.

Previous systematic reviews have evaluated the value 
of PROMs as prognostic indicators, especially in cancer 
populations for overall and disease-free survival [28]. 

Moss et al. identified several domains of QoL as poten-
tial prognostic indicators for oncological outcomes in 
tumors of the pelvic abdominal cavity [28]. Unlike Moss 
et  al.’s study, our systematic review lacks the rigorous 
evidence to make these assumptions and we are unable 
to extrapolate these results to heart transplant patients. 
However, these strong conclusions should be weighted 
due to the high heterogeneity that Moss et  al.’s faced in 
the design and methodology of their included studies, 

Table 3 Characteristics of the included studies

*Same cohort of HT patients

Author Study design PROM 
measurement

Period of 
enrollment

Mean age
(SD)

Gender Participation 
in the study 
by eligible 
individuals

Proportion of 
patients that 
completed 
PROM

Country

Delgado, 2015 Multicenter 
Observational
Prospective

At 6, 12, 36, 60, 
and 120 months 
after HT

December 2010 
and December 
2011

56.4 (11.4) 77.9% male
22.1% female

331 of 350 
(94.57%)

86.6% (303 of 
350 HT patients)

Spain

Farmer, 2013* Multicenter 
Observational
Prospective

At enrollment 
before HT and 
every 6 months 
during follow‑
up. The average 
follow‑up per 
patient was 
2.5 years

July 1, 1990 to 
June 30, 1999

54 (–) 79% male
21% female

597 of 885 
(67%)

93.0% (555 of 
597 HT patients)

USA

Harper, 1998 Observational
Prospective

At enrollment 
before HT

From November 
1989 to June 
1994

53.16 (11.19) 86% male
14% female

90 of 136 (66%) 100% (90 of 90 
HT patients)

USA

O’Brien, 1987 Observational
Prospective at 2 
medical centers

Before HT, once 
patients where 
accepted for 
HT at 3 months 
intervals
After HT at 
3 months 
intervals during 
4.5 years

From April 1982 
to 30 June 1985

42.8 (–) 92.8% male
7.2% female

73 of 221 (33%) 100% (73 of 73 
HT patients)

UK

White‑Williams, 
2013*

Retrospective 
analysis of a 
prospective lon‑
gitudinal study 
at 4 medical 
centers*

At 5 and 10 years 
after HT

July 1, 1990 to 
June 30, 1999

53.8 (–) 78% male
22% female

597 of 884 
(68%)

39% (216 of 555 
HT patients)

USA

Table 4 Risk of bias assessment

Author Study 
participation

Study attrition Prognostic 
factor 
measurement

Outcome 
measurement

Study 
confounding

Statistical 
Analysis and 
reporting

Overall risk of 
bias

Delgado (2015) Low Moderate Low Moderate Moderate Low Moderate

Farmer (2013) Moderate Moderate Moderate Moderate Moderate Low Moderate

Harper (1998) Moderate High High Moderate High Moderate High

O’Brien (1987) Moderate High Moderate Moderate Moderate Low Moderate

White‑Williams 
(2013)

Moderate Moderate Moderate Low Low Low Low
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which impeded the performance of a meta-analysis, as in 
our study.

Regarding studies similar to ours in the cardiovascu-
lar field, Kelkar et al.’s systematic review was focused on 
disease-specific PROM in heart failure in clinical care, 
identifying only two out of nine PROMs with prognosis 
value: the KCCQ and Minnesota Living with Heart Fail-
ure Questionnaire (MLHFQ) [19]. Indeed, the KCCQ 
and the MLHFQ are two disease-specific PROMs that 
have been demonstrated as prognostic indicators of 
heart-failure readmissions and deaths [30–32]. Moreo-
ver, PROMs may have more prognostic value than clas-
sifications used in daily clinical practice in heart failure 
patients. Greene et  al. recently demonstrated a greater 
than 50% discordance between the New York Heart 
Association (NYHA) class and the KCCQ overall score 
in heart-failure patients. The authors demonstrated that 

changes in the KCCQ overall score might have a better 
prognostic value than the NYHA class, stating that an 
improvement of five or more points in the KCCQ overall 
score was independently associated with decreased mor-
tality (hazard ratio = 0.59, 95% CI [0.44, 0.80], p < 0.001) 
[30]. Despite the temptation to generalize these results 
to heart transplant patients, our study suggests that the 
existing disease-specific PROMs in HT are insufficient to 
be used with prognostic value.

Why PROMs are not widely implemented in patients 
undergoing HT?

There is a lack of routine and structured use of PROMs 
in patients undergoing HT, despite the fact they are rec-
ommended for systematic use in cardiovascular diseases 
[31] and their use as endpoints for trials has grown in 
the last decade [19, 32]. A systematic review of the role 
of PROMs in contemporary randomized controlled trials 

Table 5 PROMs as prognosis indicator

* Confidence intervals not informed

** Post-transplant care was evaluated by a care rate index defined as the hospitalization plus outpatient visit days over the number of days of survival

Author Statistical model PROMs Prognosis indicator

Delgado, 2015 Multivariate regression analyses EQ‑5D Neuromuscular disease: coefficient value − 0.158 
(− 0.240 to − 0.075, p < 0.001)
Urological disease: coefficient value − 0.183 
(− 0.301 to − 0.066, p < 0.001)

KCCQ overall score Readmissions: coefficient value − 1.177 (− 2.243 
to − 0.112, p = 0.031)
Graft vascular disease: coefficient value − 10.198 
(− 18.219 to − 2.178, p = 0.013)

Farmer, 2013 Multivariate regression analyses Quality of Life Index Satisfaction
Social and economic satisfaction 
domain

Mortality at 5 to 10 years after HT: Hazard Ratio 
0.05 (0.00–0.75), p = 0.03

Harper, 1998 Multivariate regression analyses Millon Behavioral Health Inventory Prediction of survival:
MBHI scale between 17 of the 20, indicating high 
stress and difficulties coping, was a predictor of 
survival, p = 0.002*
Prediction of Post-transplant care required**
Pain Threat Responsivity, coefficient value 0.44*, 
p =  < 0.001
Cooperative coping style, coefficient value 0.21*, 
p = 0.037
Post-transplant Infection Rate
Future Despair, coefficient value 0.65*, p = 0.001
Life Threat Reactivity, coefficient value − 0.44*, 
p = 0.02

O’Brien, 1987 Multivariate regression analyses Nottingham Health Profile Percentage of all NHP pre‑transplant 
score affirmed

Relative 
mortality 
risk

0 1.00

20 2.07

40 4.29

60 8.89

80 18.41

100 38.11

White‑Williams, 2013 Multivariate regression analyses None of the PROM’ domains showed 
statistically significant prognostic value 
for survival or other outcomes
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in cardiology showed that PROMs were used in 16% of 
randomized controlled trials published in major cardiol-
ogy and general-medical journals between 2005 and 2008 
[32]. The limited use of PROMs in specific cardiovascular 
diseases was highlighted by Chen et al., showing that only 
18% (43 of 237) of randomized clinical trials reported 
using PROMs used PROMs in cardiac catheter ablation 
for treating symptomatic arrhythmias [33].

A potential explanation for the limited use of PROMs 
could be the potential delays and disruptions of clinical 
workflows produced by them, as well as the lack of infra-
structure and integration in clinical workflows. However, 
PROMs have been established as a standard of care in 
HT clinical practices after demonstrating a reduction in 
the duration of medical visits without affecting the qual-
ity of care and being accepted by patients and healthcare 
providers [29, 34].

Another concern that may have impeded the routine 
implementation of PROMs is their lack of capacity to 
weigh the influence of financial resources, education, and 
the burden on family caregivers on outcomes. PROMs 
should systematically capture socioeconomic factors, 
health care access, and different practice patterns that 
may have associations with disease outcomes while facili-
tating informed clinical decision-making. For example, in 
cardiovascular trials PROMs were found to be crucial for 
informed clinical decision making in almost a quarter of 
413 trials but their role was uncertain in a fifth and irrel-
evant in 5% of them [32].

Finally, the development and deployment of PROMs in 
clinical settings may be constrained by the costs of hiring 
additional personnel, the acquisition of new equipment, 
and follow-up costs.

What characteristics should PROMs have to be a 
standard of care in HT patients?

In order to be established as a standard of care in clini-
cal settings where HT are performed, we propose that 
PROMs meet three characteristics: cost-effectiveness, 
scientific validation, and scalability (see Fig.  3). PROMs 
that meet these characteristics have captured > 95% of 
baseline PROs, > 95% of disease severity and treatment 
outcomes, and > 70% of one-year follow-ups across mul-
tiple clinical settings [35].

PROMs expand beyond traditional functional sta-
tus measures and longevity improvement, assessing a 
broader impact on patients’ health status and poten-
tially influencing clinical decision-making. Cost-effective 
PROMs should allow data capture using existing soft-
ware and hardware infrastructure while migrating from 
manual to automated follow-up methods[36]. In order 
to ensure scalability in tight-scheduled and resource-
constrained clinical practices, PROMs should be easy to 
administer, allow automated data collection and scoring 

Fig. 3 This figure depicts PROMs’ main characteristics to be 
established as a standard of care and the benefit of their utilization
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of the assessed clinical event, and provide understand-
able results for patients and caregivers.

In order to limit unintended consequences, PROMs 
have to be scientifically validated and supported by 
peer-review publications, demonstrating content and 
construct validity [19]. Content validity warrants that 
PROMs consider specific outcomes for a specific popu-
lation and the participation of a specific population in 
the development of the instrument [19]. Complementary 
PROMs with construct validity demonstrate correlations 
and detect changes over time between PROMs’ results 
and clinically meaningful measures [19]. For example, 
the disease-specific KCCQ for heart-failure patients 
demonstrated content validity by involving them in its 
development, while it demonstrated construct validity by 
correlating its results with the six-minute walk test and 
peak-exercise oxygen consumption [37].

By achieving cost-effectiveness, scientific validation, 
and scalability, PROMs would consolidate as a cross-sec-
tional and longitudinal standard of care to improve clini-
cal decision-making by, for example, modifying follow-up 
intervals, involving other providers, comparing outcomes 
after treatments, individualizing risk stratification, and 
providing tailored treatment (see Fig. 3).

Additional practical considerations to facilitate the 
implementation of PROMs are the ease of data collec-
tion, the level of collaboration among colleagues, the 
provision of clear guidelines for implementation and data 
collection, the level of managerial involvement, the avail-
ability of training and support, and the use of technology 
[38]. Finally, from a provider perspective, PROMs should 
allow to interpretability and validity of the information 
[38].

Limitations
The major limitation of our study is the inclusion of a 
small number of observational studies between 1987 
and 2015 with PROMs being collected at very differ-
ent time intervals, time points, and comparing multiple 
types of outcomes. Observational studies lack sound 
methodological guidance compared to randomized clini-
cal trials, which reduces the strength of potential rec-
ommendations and conclusions made in our study [39]. 
Most observational studies present different designs, 
complicating data extraction and outcomes comparison, 
increasing the probability of errors and affecting the syn-
thesis of evidence. The difference in study designs, col-
lection of PROMs at different time points, and outcomes 
were evident in our systematic review, where three stud-
ies strategized the collection of PROMs before and after 
HT [23–25] and two studies only after HT [26, 27]. In 
addition, the included studies in our systematic review 
were held in three different countries (the United States, 

Spain, and the United Kingdom), which limited the com-
parison of results among the included studies due to 
the different delivery, infrastructure and organization of 
healthcare systems among countries.

Another limitation of observational studies is the com-
plexity of the risk of bias assessment tools compared to 
the tools used for randomized clinical trials. We used 
QUIPS, a risk of bias tool validated for prognostic fac-
tors [22], which requires assessing six domains (study 
participation, study attrition, prognostic-factor measure-
ment, outcome measurement, study confounding, and 
statistical analysis-reporting). The overall risk of bias 
was moderate to high in four of the five included stud-
ies, indicating a high heterogeneity between studies 
due to different PROMs used to evaluate the prognostic 
value, different follow-up intervals, and lack of defini-
tion of new comorbidities after the HT. Thus, we did not 
perform a quantitative comparative analysis between the 
included studies and therefore the external validity of our 
results is limited.

However these limitations, our study has shed light 
on the need to conduct randomized clinical trials where 
generic and disease-specific PROMs are systematically 
used to compare their prognostic value with usual care. 
Such research will elucidate PROMs’ prognostic value 
and lead to their incorporation as permanent tools to aid 
clinical decision-making.

Conclusion
We reported limited evidence supporting the use of 
PROMs as a prognostic indicator in adult HT patients. 
Scalable PROMs should be implemented as an integral 
part of rigorous clinical research settings to further assess 
their usefulness, enable their optimization for routine 
clinical practice, and develop of heart transplant specific 
PROMs that support person-centered care.
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