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INTRODUCTION 

Randomized clinical trials are essential for establishing the benefits and risks of medical 

interventions but are slowed by inefficient methods for identification and recruitment of eligible 

participants. Electronic health records (EHRs) include structured clinical data stored in 

predefined, discrete fields with constrained values (e.g., ICD-10 diagnosis codes) and 

unstructured data (free-text or non-tabular content with no predefined schema, e.g., symptoms 

documented in a clinic note). Computer-executed queries using structured and unstructured data 

in EHRs (computable phenotypes [1]) represent an opportunity to accelerate the identification of 

potentially eligible patients as they could supplement or replace manual review of the same 

information.  However, limited data exist about the utility of computable phenotypes across 

diverse research use cases. 

The Roflumilast or Azithromycin to Prevent COPD Exacerbations (RELIANCE) phase 3 multi-

center clinical trial (ClinicalTrials.gov NCT04069312) was designed to compare the harms and 

benefits of long-term use of roflumilast versus azithromycin in patients with chronic obstructive 

pulmonary disease (COPD) recently hospitalized for an exacerbation.[2,3] During the start-up 

phase of the RELIANCE clinical trial, the study funder (Patient-Centered Outcomes Research 

Institute), requested an evaluation of the feasibility of an EHR-derived computable phenotype to 

identify potentially eligible participants.  To inform the development of a candidate computable 

phenotype that would incorporate inclusion and exclusion criteria for the RELIANCE trial, a 

pragmatic clinical trial conducted within real-world clinical infrastructure, we conducted a study 

to estimate the number of inpatient and outpatient encounters in patients with COPD across 

enrolling sites. Then, in a random sample of inpatient and outpatient encounters at each enrolling 

site, manual review of the EHR was performed to assess the adequacy of documentation to 
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evaluate each of the inclusion and exclusion criteria. Preliminary results were presented in the 

form of an abstract.[4] 

METHODS 

We conducted a cross-sectional study across 33 U.S. clinical sites during the start-up phase of the 

RELIANCE trial, including 31 academic health centers, 1 integrated managed care organization, 

and 1 private practice.  All four US Census regions were represented by the various clinical sites 

(West, 7 sites; South, 8 sites; Midwest, 13 sites; Northeast, 5 sites).  This study was reviewed by 

the institutional review board (IRB) at the University of Illinois Chicago (IRB # 17102001) and 

was conducted with a waiver of consent.  Each participating site obtained local IRB approval to 

conduct the data collection activities. 

Each site used its local EHR to identify adults aged ≥40 years with COPD, defined by 

International Classification of Diseases (ICD-10; Table) codes consistent with the Centers for 

Medicare & Medicaid Services (CMS) Hospital Readmissions Reduction Program COPD 

definition. EHR queries were applied to the inpatient and outpatient clinical settings: 

1. Inpatient setting: adults ≥40 years hospitalized for COPD exacerbation in the prior 12 months. 

2. Outpatient setting: adults ≥40 years with at least one outpatient COPD encounter in the prior 

12 months. 

A random sample of 15 inpatient encounters and 15 outpatient encounters identified by the EHR 

queries was selected at each site (30 per site, total n=990 encounters) for manual chart 

abstraction to assess whether patients met the following key eligibility criteria for the 

RELIANCE trial: (1) age ≥40 years; (2) ≥10 pack-years smoking; (3) chronic bronchitis; (4) 

hospitalization for COPD exacerbation within 12 months; (5) prescription for inhaled 
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maintenance therapy (long-acting muscarinic antagonist [LAMA], long-acting beta-2-agonist 

[LABA], dual LABA and LAMA, inhaled corticosteroids (ICS) plus LABA, or triple therapy 

(LABA, LAMA, and ICS); (6) English or Spanish language; (7) not pregnant, (8) no long-term 

(>30 days) azithromycin or roflumilast use, and (9) no contraindications to either drug (e.g., 

documented allergy). A criterion was considered “indeterminate” if there was insufficient 

documentation in the EHR to support the criterion being met or not met (e.g., documentation of 

hospitalization at outside hospital, but inadequate information about dates of hospitalization). We 

did not assess eligibility criteria that would require a conversation with the potential study 

participant (i.e., willingness to provide [1] informed consent, [2] contact telephone number, and 

[3] social security or other health insurance claims number to study staff). The chart abstraction 

tool is included as Supplemental Content. We calculated the proportion of records meeting all 

criteria (“potentially eligible”) and those that were indeterminate for ≥1 criteria. Binomial 95% 

confidence intervals (CIs) were computed for proportions. 

RESULTS 

Across all 33 sites, we identified 104,097 inpatient encounters for COPD exacerbations and 

160,290 outpatient encounters for patients with COPD over 12 months. In the random sample of 

990 manually abstracted records, EHR documentation was insufficient to evaluate >1 eligibility 

criterion in 28% (95% CI, 19–40%) and 27% (95% CI, 19–37%) of inpatient and outpatient 

encounters, respectively (Figure). The mean proportion of potentially eligible patients was 36% 

(95% confidence interval [95% CI], 27–45%) in the inpatient setting and 7% (95% CI, 5–11%) 

in the outpatient setting.  

The three criteria most frequently considered indeterminate in inpatient and outpatient 

encounters were: (1) chronic bronchitis (18% and 14%, respectively); (2) smoking history ≥10 
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pack-years (13% and 10%, respectively); and (3) prior COPD hospitalization within 12 months 

(6% and 10%, respectively). 

DISCUSSION 

Across 33 clinical sites that participated in the start-up phase of the RELIANCE clinical trial, we 

identified over 100,000 inpatient encounters and over 160,000 outpatient encounters in patients 

with COPD.  Manual review of the EHR in a random sample of nearly 1,000 of these encounters 

suggests that approximately one in three inpatients with COPD exacerbations met all 

RELIANCE trial criteria. Far fewer outpatients with COPD met trial eligibility criteria.  We also 

observed variability in the completeness of documentation relevant to assessing study eligibility, 

with missing information most common for the number of pack-years smoked and a diagnosis of 

chronic bronchitis.   

These findings build on our previous work that indicates poor agreement between patient-

reported physician diagnosis of COPD and a COPD reference standard based on smoking 

exposure and confirmation of post-bronchodilator airflow limitation.[5]  The current study, 

which is focused on the RELIANCE clinical trial, highlights the importance of reviewing 

structured and unstructured data in the EHR as well as addressing gaps in clinical documentation 

when developing a computable phenotype to identify trial-eligible patients.  Variation in data 

completeness across eligibility criteria for the RELIANCE clinical trial, especially information to 

identify patients with chronic bronchitis and >10 pack-years smoking history, highlights the 

current limitations of EHR data.  The potential to further improve computable phenotype 

performance using natural language processing or artificial intelligence (AI)-enabled data 

extraction tools warrants further study.[6,7]  
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From a translational science perspective,[8] this study illustrates the potential and gaps in EHR-

based screening to improve the efficiency of multicenter clinical trials compared to manually 

searching through all encounters each day. Investments by the NIH’s National Center for 

Advancing Translational Sciences and PCORI in health data infrastructure (e.g., PCORnet,[9] 

N3C RECOVER[10]) provide an opportunity to refine and scale these methods in other 

conditions, including clinical trials in interstitial lung disease where more efficient approaches to 

identifying patients eligible for clinical trials are needed.  We do, however, acknowledge study 

limitations.  The study was not designed to evaluate the accuracy of COPD diagnosis at clinical 

trial sites.  Nearly all clinical sites that contributed to the study were academic health centers; 

findings in this report may or may not apply to non-academic health centers. The documentation 

in the EHR for a modest number of encounters per study site was examined (15 in the inpatient 

setting, 15 in the outpatient setting), precluding a meaningful analysis of site-level differences.  

In addition, the study was not designed to examine if documentation in the EHR varied 

according to the type of EHR vendor (e.g., Allscripts, Epic, Oracle Cerner).   Also, the study was 

performed immediately prior to the launch of the trial in 2020.  The results may or may not 

generalize to studies conducted in the post-pandemic period. However, our approach to 

developing and evaluating a computable phenotype can inform future efforts to address these 

additional questions. 

This study is innovative in that it evaluated the real-world use of a computable EHR phenotype 

across 33 heterogeneous U.S. clinical sites to test how it might be used for recruitment for a live, 

multicenter comparative effectiveness trial. Rather than describing a theoretical phenotype, we 

reviewed both structured and unstructured EHR data relevant to a clinical trial’s eligibility 

criteria, thereby generating empirical estimates of enrichment yield and documentation 
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completeness. The finding that patients hospitalized for COPD exacerbations were five-fold 

more likely to be eligible for the RELIANCE clinical trial compared to patients with an 

outpatient encounter with a COPD diagnosis demonstrates the practical efficiency gains 

achievable through hospitalization-triggered (rather than outpatient visit-triggered) EHR pre-

screening.  Our study also points out the need to develop and test advanced methods to address 

documentation gaps in EHRs.  Based on these findings, we would advocate for developing and 

testing a candidate computable phenotype using queries of age and ICD-10 diagnosis codes in 

structured EHR data from inpatient encounters combined with natural language processing or AI-

enabled data extraction of structured and unstructured data for other eligibility criteria.    

In conclusion, results from our study indicate that multi-site implementation of EHR-facilitated 

recruitment using computable phenotypes will require review of structured and unstructured data 

and novel strategies to overcome gaps in clinical documentation specific to each clinical trial’s 

eligibility criteria. 
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Table 1. ICD-10 codes used to identify patients with COPD 
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Figure. Proportion of patients with indeterminate eligibility using a computable phenotype 

developed for the RELIANCE clinical trial 

 

Legend: In a random sample of 990 encounters, manual review of EHR (both structured and 
unstructured data) identified gaps in documentation relevant to evaluating 1 or more eligibility 
criteria for the RELIANCE trial in a mean of 28% of encounters in the inpatient stratum and 
27% of encounters in the outpatient stratum.  Gaps in documentation were most common for a 
diagnosis of chronic bronchitis and pack-years smoked. 
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