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Abstract

Objectives—Current studies in cardiothoracic clinical research frequently fail to use endpoints 

that are most meaningful to patients, including measures associated with quality of life. Patient- 

reported outcomes (PRO) represent an underutilized but important component of high quality 

patient-centered care. Our objective was to highlight important principles of PRO measurement, 

describe current use in cardiothoracic surgery, and discuss the potential for and challenges 

associated with integration of PROs into large clinical databases.

Methods—We performed a literature review using the PubMed/EMBASE databases. Clinical 

articles that focused on the use of PROs in cardiothoracic surgery outcomes measurement or 

clinical research were included in this review.

Results—PROs measure the outcomes that matter most to patients and facilitate the delivery of 

patient-centered care. When effectively used, PRO measures have provided detailed and nuanced 

quality of life data for comparative effectiveness research. However, further steps are needed to 

better integrate PRO into routine clinical care.

Conclusions—Incorporation of PRO into routine clinical practice is essential for delivering high 

quality patient-centered care. Future integration of PRO into prospectively collected registries and 

databases, including that the Society of Thoracic Surgeons National Database, has the potential to 

enrich comparative effectiveness research in cardiothoracic surgery.
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Introduction

Much of the existing clinical outcomes research in cardiothoracic surgery has focused on 

objective endpoints, including perioperative morbidity, and short and long-term survival [1, 

2]. While these measures are important and influence treatment decisions, they often do not 

fully encompass outcomes that are meaningful to patients. As patient-centered care is 
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coming to the forefront of high value healthcare delivery, incorporation of patient-reported 

outcomes (PRO) into clinical practice and research is critical. PROs are measures of patient 

physical, mental and emotional well being obtained by patient self-report. This review will 

detail important concepts of PROs, discuss the rationale for use, provide current examples of 

PRO measures in the cardiothoracic surgical literature, and highlight key issues regarding its 

implementation and incorporation into the Society of Thoracic Surgeons National Database 

(STS ND).

Methods

We aimed to review all studies that provided high quality examples of applications of 

HRQoL instruments in cardiothoracic surgery. We performed a review of relevant studies 

using PubMed and EMBASE databases. Our search strategy involved a combination of the 

following (MESH) terms: “patient-reported outcomes,” “cardiac surgery,” “thoracic 

surgery,” and “esophagectomy.” Abstracts were first reviewed for general pertinence to 

HRQoL measures and PRO in cardiothoracic surgical research. Once an abstract was 

determined to be relevant, the article was reviewed in full. We performed an additional 

literature search by reviewing the reference lists of articles. Our search process concluded in 

April 2018.

PROs, Patient-Centered Care, and Comparative Effectiveness Research

PROs are integral to patient-centered healthcare delivery. Outcomes that are meaningful to 

patients extend beyond traditionally reported measures of survival and morbidity [3]. These 

often include determinants of health-related quality of life (HRQoL) [1, 4]. While 

commonly measured outcomes including long-term survival and perioperative complications 

are important to patients, they often provide an incomplete picture of what patients value, 

and undermine the decision making power they have regarding their care. For example, 

when choosing two treatment options for lung cancer, a patient may value post-treatment 

functional status, pain quality, and time off from work as important aspects for consideration 

along with traditional measures [5].

PRO measures are reported directly by patients and are an important way for obtaining 

accurate data on patient HRQoL. Many of the traditional instruments used for assessing 

patient HRQoL, especially in the postoperative period, have relied on clinician-based 

assessments. Clinician-based assessments have been shown to deviate widely from the actual 

patient perspective [6, 7]. PRO measures thus offer several advantages, as they provide a 

more reliable means for the longitudinal evaluation of patients. Additionally, they can allow 

for more complete comparative effectiveness research [1, 8].

There have been several barriers to the routine collection and evaluation of HRQoL in 

cardiothoracic research [9]. The subjectivity associated with HRQoL has caused concern 

regarding the validity of HRQoL studies. In part, this is due to the significant variability in 

HRQoL instruments. Additionally, there has been a perceived lack of sensitivity and 

flexibility in PRO instruments to detect more minor changes in symptoms. Another barrier 

to routine use of HRQoL is the increased work required to successfully implement HRQoL 
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data collection. HRQoL instruments are survey-based, making data collection and analysis 

potentially labor intensive and time-consuming, especially when compared to endpoints that 

are already available from databases or medical records [7].

There is a need for the routine collection of PRO data to improve clinical care. PRO 

measures can give us a more accurate picture of patients’ clinical status, allowing for early 

intervention. For example, studies have shown that changes in QOL scores are independent 

predictors of survival in patients with lung cancer [10]. In addition to better informing 

clinicians on the postoperative course of their patients, PRO measures can provide 

cardiothoracic surgeons with quality information to help patients make treatment-related 

decisions. Many surgeons rely on anecdotal knowledge to provide patients with information 

on postoperative HRQoL, and are unable to effectively offer data-driven advice regarding 

differences in QOL between treatments that directly reflect a patient’s experience [11]. As 

such, PRO measures are increasingly viewed as the optimal measurement for quality and 

accuracy in patient-centered care.

Additionally, there has been a greater national recognition for the integration of PROs into 

outcomes measurement and comparative effectiveness research (CER). Several national 

organizations, including the Center for Medicare and Medicaid Services (CMS), National 

Quality Forum, National Institutes of Health (NIH), National Cancer Institute, the US Food 

and Drug Administration (FDA) and the American College of Surgeons (ACS) advocate for 

integration of PRO into the measurement of patient outcomes and assessments of clinical 

performance [12]. The American College of Chest Physicians (ACCP) has included PRO 

measures as part of their guidelines for lung cancer care, recommending the routine use of 

HRQoL instruments in clinical care [13]. For the evaluation of new devices and drug 

therapies, the FDA has recommended that PRO measures be incorporated into primary and 

secondary study outcomes [14]. The Center for Medical Technology Policy has advocated 

for the use of PRO in all prospective, adult oncology CER studies [1]. With the Affordable 

Care Act, the Patient-Centered Outcomes Research Institute (PCORI) was created to 

promote high-quality CER, and has provided nearly $2 billion of funding thus far [15]. 

PCORI’s main mission is to improve healthcare delivery and outcomes through the 

promotion of high-integrity, evidence-based information that is derived from all stakeholders 

involved. Thus, capturing patients’ voices through the routine use of PRO is an integral 

component of PCORI’s mission.

It is critical for future studies engaged in CER to incorporate PRO measures. Broadly 

speaking, there is still a great need for PRO in clinical practice and cardiothoracic research. 

In a survey of the European Society of Thoracic Surgeons (ESTS), 54.4% all surgeons 

surveyed did not incorporate PRO into their clinical practice [11]. We review some examples 

of how PRO were implemented in the design of cardiothoracic surgery comparative 

effectiveness research.

Patient-Reported Outcomes in Cardiothoracic Surgery

There are several studies within the cardiothoracic surgical literature that have investigated 

PROs and HRQoL. Many instruments have been used to collect these data as illustrated in 
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Table 1. As the importance of PROs is increasingly recognized, these assessments have been 

more heavily utilized [2, 5, 16, 17]. This is particularly true in cardiac surgery where a 

number of recent major prospective trials have included HRQoL measures as primary and 

secondary endpoints in CER. This is in contrast to the general thoracic surgery literature, 

where oncologic outcomes such as 5-year survival and recurrence predominate. Even in the 

cardiac surgery literature, the traditional endpoints in most studies have focused on major 

adverse cardiovascular or cerebrovascular events. For example, in one review of 34 

randomized clinical trials in cardiac surgery, the majority of studies did not include any 

assessment of PROs [18].

Several of the more recent major prospective studies in cardiac surgery have included 

HRQoL endpoints for evaluation of comparative efficacy. A few examples of larger, 

randomized prospective studies include the Synergy between PCI with Taxus and Cardiac 

Surgery (SYNTAX), Surgical Replacement and Transcatheter Aortic Valve Implantation 

(SURTAVI), and the Placement of Aortic Transcatheter Valves (PARTNER) trials [19–21]. 

Each of these studies is an excellent example of the valuable information gained when 

HRQoL endpoints are included as endpoints within prospective studies. The SYNTAX 

investigators utilized the Seattle Angina Questionnaire, finding greater relief from patient-

reported angina at 6 and 12 months in patients undergoing coronary artery bypass (CABG), 

when compared with PCI. However, patient-reported physical limitation was worse at 1 

month in the CABG cohort [19]. The SURTAVI investigators utilized the Kansas City 

Cardiomyopathy Questionnaire, finding significant improvement in HRQoL scores after 

both surgical and transcatheter valve replacement through 24 months. At one month, 

HRQoL scores were better in the transcatheter cohort with no difference identified thereafter 

[20]. Similar results were seen in the PARTNER and PARTNER II trials, utilizing the 

Kansas City Cardiomyopathy and Short-Form 12 questionnaires [21]. In a randomized, 

prospective comparison of mitral valve repair vs replacement, mitral replacement resulted in 

a non-significant trend towards greater improvement in HRQoL as measured by the 

Minnesota Living with Heart Failure Questionnaire [22]. Similar studies have included 

HRQoL endpoints in comparisons of robotic assisted and standard CABG [23], on- and off-

pump coronary bypass [24, 25], tissue versus mechanical prostheses [26], cardiac surgery in 

the elderly [27, 28] and a variety of other cardiac surgery interventions [29].

A variety of both retrospective and prospective studies have similarly examined PRO and 

HRQoL results after surgery for thoracic malignancies [2, 10, 30–37]. A summary of select 

studies examining PRO after lung cancer surgery is shown in Table 2. These studies are 

relatively small, single center, observational studies. However, valuable information can still 

be gleaned from them. For example, several of these studies have compared non-operative 

vs. operative therapy, VATS vs. thoracotomy, and sublobar resection vs. lobectomy, among 

other important questions. Overall, these studies show an expected initial decline in physical 

function, dyspnea, and quality of life scores after surgery, with most studies showing a return 

to baseline within 6 months to a year.

For example, in a prospective, observational study intended to show the feasibility and ease 

of incorporating PRO results into the STS General Thoracic Database (GTSD), two of the 

authors of this review (OK, FF) utilized the NIH-sponsored Patient-Reported Outcomes 
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Measurement Information System (PROMIS) to assess 127 patients undergoing lung cancer 

resection. This study found a significant decline in patient-reported pain, fatigue, sleep 

deprivation, and physical function at 1 month after surgery, with near complete return to 

baseline by 6 months (Figure 1). Additionally, patients undergoing minimally invasive 

thoracoscopy, when compared with thoracotomy, reported better scores in physical function, 

pain intensity, fatigue, and ability to participate in social activities at the preoperative 

baseline assessment and 1-month postoperative assessment. When comparing PROs between 

patients treated with lobectomy vs. sublobar resection, no differences were identified [2].

Similarly, in a prospective observational study using the Short-Form 36 questionnaire, Zhao 

et al. found pain, energy and physical functioning to be worse after thoracotomy [37]. A 

secondary analysis of HRQoL in the ACOSOG Z4032 study cohort (n=212) showed 

significantly worse dyspnea scores at long-term follow-up after thoracotomy (compared with 

VATS), segmentectomy (compared with wedge resection), and with T1b tumors (compared 

with T1a) in high-risk operable lung cancer patients. Most importantly, poor baseline 

HRQoL scores were not associated with a higher risk of postoperative adverse events or 

worse survival [36].

In another excellent example of CER, Sartipy et al. performed a prospective comparison of 

patients undergoing lobectomy (n = 101) versus pneumonectomy (n = 16) using the Short-

Form 36 questionnaire. Results from their analysis found a significantly greater decrease in 

physical function scores after pneumonectomy [38]. Lastly, in one of the largest studies, Yun 

et al. conducted surveys of over 800 patients undergoing lung cancer surgery. They 

investigated the relationship between PRO and long-term survival and found postoperative 

physical function, dyspnea, personal strength, and anxiety to be independent predictors of 

long-term survival [10].

A number of studies have been completed examining PRO after esophagectomy, with one 

review identifying a total of 58 studies, 41 prospective and 17 retrospective [30]. Most of 

these studies have similar findings showing that there is a considerable decline in HRQoL 

within one month after esophagectomy, with symptoms persisting between several months to 

several years [32–34, 39–41]. For example, Lagergren et al. found that physical function, 

breathlessness, diarrhea, and reflux were significantly worse one month after surgery (n=90). 

While some improvement was seen, all four symptoms remained significantly worse than 

baseline even after 3 years [39].

In another example of CER including PRO, de Boer et al. randomized approximately 200 

patients to transhiatal or transthoracic esophagectomy and measured HRQoL utilizing the 

Short-Form 20 questionnaire from baseline up to 3 years postoperatively. At three months, 

patients in the transhiatal group reported fewer physical symptoms and better activity levels. 

However there were no differences identified at any time point afterwards [42]. In one 

prospective, randomized trial comparing surgical and non-surgical treatment for esophageal 

cancer HRQoL scores, Bonnetain et al. used the Spitzer QoL Index and found lower scores 

in the surgical arm at 3 months after surgery. However, no difference was found between the 

surgical and non-surgical arms in long-term follow-up as far as 2 years after treatment [34].
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Potential for Incorporation of Patient-Reported Outcomes into the STS 

National Database

The STS ND is widely recognized as one of the premier clinical databases in the world. The 

database is particularly recognized for its comprehensive granularity, accurate risk-

adjustment of common procedures, a variety of risk-calculators to guide preoperative 

decision making, and measurements of provider performance [43]. More recently, the STS 

ND has created composite quality measures that compare participant performance and are 

available for public reporting [43]. The STS ND, like other large national databases, 

currently measures surgical outcomes with standard clinical metrics including complication 

rates, readmission, and perioperative mortality [44, 45]. These outcomes are objective and 

relatively easy to measure and interpret. However, these traditional outcomes may not reflect 

what is most important to patients. Many adverse clinical outcomes such as operative 

mortality following many cardiothoracic operations (such as coronary artery bypass or lung 

cancer resection) are rare. These issues render routine outcome measures inadequate for 

evaluating the true quality of care delivered and for reliably comparing performance between 

institutions [3]. A critical gap in the STS ND is the absence of PROs. Incorporation of PROs 

into a large, national database such as the STS ND would allow surgeons to provide more 

patient-centered care and accelerate the implementation of patient-centered outcomes 

research.

Consider a patient with critical aortic valve stenosis seeking aortic valve replacement. 

Traditional outcomes for surgery in this patient include operative morbidity and mortality, 

long-term survival, re-intervention rate and heart function on echocardiogram. However, this 

patient sought surgery because of symptoms such as angina, dyspnea and/or syncope. 

Therefore, the most appropriate patient-centered outcomes metrics would be durable 

resolution of symptoms and restoration of quality of life. These PROs need to be assessed 

longitudinally, including the preoperative, postoperative, and long-term phases of care. 

Measurement at these time intervals allows assessment of the patient’s baseline function, 

any decrement in function following surgery, and the magnitude and durability of 

improvement over time.

The PROMIS is one platform that may be used to incorporate patient self-reporting into the 

STS ND [46]. PROMIS was specifically designed to establish a national resource for 

accurate, efficient, secure, and standardized measurement of patient-reported symptoms and 

other health outcomes in clinical research and clinical practice. PROMIS provides item 

banks for creating specific physical, mental, and social health status assessment instruments. 

PROMIS also includes Computer Adaptive Testing (CAT) based software that administers 

the most informative set of questions based on responses to previous questions. This 

capability provides for the efficient and precise measurement of PROs. PROMIS results are 

reported and analyzed using a standardized scoring system based on responses to the same 

questions in the United States general population [47]. The average score is for each 

instrument is 50 and each deviation of 10 points represents one standard deviation from the 

mean.
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The STS recognizes the importance of PRO measurement and has commissioned a Task 

Force to explore the incorporation of PRO measures into the STS ND. Such an undertaking 

is challenging at an institutional level, and even more so for a national database comprised of 

thousands of institutions using a wide variety of medical records and information technology 

platforms. However, single institution studies have demonstrated the feasibility of collecting 

PRO data and integration with STS database records [2]. Early efforts have focused on 

identification of PRO measurement platforms and best practices for secure and efficient data 

collection. The STS plans to conduct pilot testing of PRO data collection in the near future 

to investigate the feasibility of incorporation of PROs into the STS ND.

Implementation of PROs: Data Collection, Analysis, and Potential 

Challenges

Implementing PROs into routine care is essential to accurately reflect the priorities of the 

patients reporting them. Moreover, even with seamless integration of PRO metrics into 

clinical workflow, the use of PROs must add value to patient care. Several randomized trials 

have indicated that incorporating HRQoL data into clinical practice facilitates patient-

physician discussion of HRQoL issues and improves HRQoL without prolonging the clinic 

encounter [6, 48]. PROs are currently used in comparative effectiveness research and as 

primary outcomes in clinical trials. However, the shift towards patient-centered care and 

using PROs in routine clinical practice is a relatively new concept.

The two main considerations when implementing PROs into clinical care are workflow and 

infrastructure [49]. Workflow can further be categorized into PRO collection, score reporting 

and action (how the data will be used to guide care). Once the PRO questionnaire(s) have 

been developed for a particular patient group, considerations regarding PRO collection 

include: timing, mode and setting of administration. Timing of PRO assessment can be 

guided by HRQoL literature. For example, after lung cancer resection, up to 60% of patients 

continue to have pain at 6 months and half have increased dyspnea and fatigue, and decline 

in physical function at 2 years [50, 51]. Therefore, long-term PRO assessment for patients 

undergoing lung cancer resection is relevant. PROs can be obtained via paper, interview or 

electronically (computer, tablet or smartphone). The setting of PRO collection (home versus 

clinic visit) may influence which mode is used. As 80% of American households have at 

least one regular internet user, an electronic mode of PRO collection is ideal.

The sequence of PRO collection, followed by scoring, needs to occur in a way that allows 

for optimal use of this information by the clinician. In an ideal setting, PRO results would be 

available at clinic appointments in real-time and reviewed by clinical staff to help inform 

patient progress and medical decision-making. In the most basic example, patients may 

complete PRO questionnaires at home prior to a clinic visit. Alternatively, patients may 

complete questionnaires at specified intervals separate from outpatient visits. For this 

workflow, clinical staff need to track changes in PRO status and address issues via phone or 

EHR messaging. Another important workflow detail is determining who will receive the 

PRO reports [52]. In some health care teams, a nurse navigator may manage these reports. 

Processes for analyzing the PRO results and coordinating care in response to PRO responses 
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are paramount. Some systems may provide patients with their results and if so, adequate 

context to interpret the results needs to be included in the report [52]. Clinicians need to 

receive useful PRO data to detect significant changes in HRQoL and determine whether a 

change in plan of care is needed. A useful PRO report includes both the raw and 

standardized scores and how those have changed over time. Lastly, prior to implementation 

of a PRO system, clinicians need to understand the meaning of the scores and approaches to 

responding to them. To assist clinicians in implementing PRO assessment, the International 

Society for Quality of Life Research (ISOQOL) has developed a User’s Guide for 

Implementing Patient-Reported Outcomes Assessment in Clinical Practice [52, 53].

In terms of infrastructure, electronic collection of PRO data is preferred in the clinical 

setting and is associated with lower rates of missing data than paper forms [49]. Electronic 

collection involves either using a licensed or internet-based PRO system or using the built-in 

PRO assessment tool available in some EHRs [1]. In a review of electronic PRO (ePRO) 

systems, only 44% were directly integrated into the EHR [8]. However, there is increasing 

use of the EHR as a comprehensive system for managing clinical care. This increases the 

importance of integrating PRO data into the EHR which allows for PRO review at point of 

care alongside other relevant clinical data [49]. In its 2012 software release, Epic Systems 

Corporation (Verona, WI) included PROMIS measures [49]. Epic can be programmed to 

administer PRO at specified intervals or in response to patient encounters (clinic visit, 

surgery). In the 2017 version, there are 8 CAT domains with a limited number of short-forms 

available for additional purchase. PRO administration is designed to occur outside of the 

clinical encounter via patient portal (MyChart). Best practices for integrating PRO data into 

the EHR are currently unclear. To facilitate implementation of PRO into the EHR, a 

multidisciplinary team of PRO experts published the User’s Guide to Integrating Patient-

Reported Outcomes in Electronic Health Records [54]. This guide provides useful examples 

for a variety of health care systems ranging from low to high integration of PRO within the 

EHR. Successful implementation requires institutional commitment from leadership and the 

input and coordination of all stakeholders including patients, clinicians and administrators 

[8]. By minimizing burden and maximizing clinical relevance, PRO can have a meaningful 

impact on patient care.

Only one study has successfully measured PROs using PROMIS in patients undergoing lung 

cancer resection [2]. In that study, patients completed a PRO survey on the Assessment 

CenterSM website using a touch-screen tablet device at baseline and at 1 and 6 months after 

surgery. Importantly, PRO data were exported from the Assessment CenterSM and 

electronically merged with an institutional clinical database. This study established the 

feasibility of collecting PRO data and integrating these into an institutional clinical database 

[2]. The next step is to design a system whereby PRO data can simultaneously provide 

benefit for both clinical care and research in real time.

Conclusion

Integration of PROs into routine clinical practice and cardiothoracic studies is essential for 

providing high-quality patient care and optimizing CER. There is a greater push by multiple 

healthcare organizations and funding agencies to include PROs as primary or secondary 
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outcomes. While there are examples of the use of PRO instruments in current cardiothoracic 

surgical research, there is still room for improvement. Incorporation of PROs into the STS 

ND will allow surgeons to provide more patient-centered care and accelerate the 

implementation of patient-centered outcomes research.
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Figure 1. 
Postoperative PROMIS scores in patients who underwent lung cancer resection: (A) pain 

intensity and interference, (B) physical function, fatigue, and sleep-related impairment, (C) 

anxiety/fear and depression/sadness, and (D) ability to participate in social activities, 

emotional support, and informational support. Reprinted with permission from Khullar OV, 

Rajaei MA, Force SD et al. Pilot Study to Integrate Patient Reported Outcomes After Lung 

Cancer Operations Into The Society of Thoracic Surgeons Database. Ann Thorac Surg 2017; 

104(1): 245–253.
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Table 1:

Select Commonly Used Quality of Life and Patient-Reported Outcomes instruments

Generic Questionnaires:

 • Patient Reported Outcomes Measurement Information System (PROMIS®)

 • Medical Outcomes Study Short Form 36 (SF-36) and Short Form 12 (SF-12)

 • Rotterdam Symptom Checklist

 • Depression, Anxiety and Stress Scale 21 (DASS-21)

 • Dyspnea Index

 • Nottingham Health Profile

Thoracic Specific:

 • European Organisation for Research and Treatment of Cancer (EORTC) Modules

  • Quality of Life Questionnaire Core 30 (QLQ C-30)

  • QLQ Oesophagus Module (OES-18)

  • QLQ Lung Cancer Module (LC13)

 • Functional Assessment of Cancer Therapy (FACT) Oncologic and Organ-Specific Modules

 • Gastroesophageal Reflux Disease Health Related Quality of Life Questionnaire (GERD-HRQL)

 • Gastrointestinal Quality of Life Index

Cardiac Specific:

 • Seattle Angina Questionnaire

 • Kansas City Cardiomyopathy Questionnaire

 • Minnesota Living with Heart Failure questionnaire

 • Cardiac Symptom Survey

 • Coronary Revascularisation Outcome Questionnaire, CROQ

 • Duke Activity Status Index

 • Heart Surgery Symptom Inventory, HSSI
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