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ABSTRACT

Objective: To close gaps between research and clinical practice, tools are needed for efficient pragmatic trial re-

cruitment and patient-reported outcome collection. The objective was to assess feasibility and process measures

for patient-reported outcome collection in a randomized trial comparing electronic health record (EHR) patient

portal questionnaires to telephone interview among adults with epilepsy and anxiety or depression symptoms.

Materials and Methods: Recruitment for the randomized trial began at an epilepsy clinic visit, with EHR-

embedded validated anxiety and depression instruments, followed by automated EHR-based research screen-

ing consent and eligibility assessment. Fully eligible individuals later completed telephone consent, enrollment,

and randomization. Participants were randomized 1:1 to EHR portal versus telephone outcome assessment, and

patient-reported and process outcomes were collected at 3 and 6 months, with primary outcome 6-month reten-

tion in EHR arm (feasibility target: �11 participants retained).

Results: Participants (N¼30) were 60% women, 77% White/non-Hispanic, with mean age 42.5 years. Among 15

individuals randomized to EHR portal, 10 (67%, CI 41.7%–84.8%) met the 6-month retention endpoint, versus

100% (CI 79.6%–100%) in the telephone group (P¼0.04). EHR outcome collection at 6 months required 11.8 min

less research staff time per participant than telephone (5.9, CI 3.3–7.7 vs 17.7, CI 14.1–20.2). Subsequent tele-

phone contact after unsuccessful EHR attempts enabled near complete data collection and still saved staff time.

Discussion: In this randomized study, EHR portal outcome assessment did not meet the retention feasibility tar-

get, but EHR method saved research staff time compared to telephone.

Conclusion: While EHR portal outcome assessment was not feasible, hybrid EHR/telephone method was feasi-

ble and saved staff time.
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LAY SUMMARY

This study among people with epilepsy and anxiety or depression symptoms was designed to test electronic health record

methods to identify and invite research participants, and compare methods for participants to report symptoms and quality

of life 3 and 6 months later. Individuals were invited to participate in the research study based on information collected in

the health record at a routine epilepsy clinic visit, and half the participants were assigned to outcome questions sent using

their health record patient portal, while the other half were assigned to telephone call outcome collection. The main goals of

the study were to determine how likely participants were to return their outcome information by the health record portal

method, and to see if there were differences in the process of collecting outcomes by health record portal compared to tele-

phone. The results showed individuals in the health record portal group were less likely to return their outcome question-

naires than those in the telephone group. However, the health record portal method saved a lot of research team time col-

lecting the outcome information (at least 4–7 min per participant), even when those who did not return their questionnaires

by health record received phone calls later on.

BACKGROUND AND SIGNIFICANCE

Though traditional randomized trials contribute substantially to

advances in medical treatment, these advances typically require 2

decades to reach the clinic, study populations differ significantly

from those treated in routine practice settings, and some evidence-

based therapies are never implemented in routine care.1–5 At the

same time, there is increasing emphasis on patient-centered care and

use of patient-reported outcomes to ensure advances in treatment re-

sult in meaningful outcomes for patients.6,7 Pragmatic trials and re-

search involving patient-reported outcome measures (PROMs) in

real-world care settings have potential to close gaps between tradi-

tional research trials and patient-centered care delivery, by enrolling

more representative study samples and studying more realistic treat-

ment conditions.8

To advance pragmatic trials and other research in routine care

settings (including learning health system research), there is need to

develop methods for recruiting study participants from more repre-

sentative clinical populations and assess methods for rigorous out-

come collection, including patient-reported outcome measures.

Methods for recruitment and follow-up using Electronic Health Re-

cord (EHR) interfaces at the point of care, with tools incorporated

seamlessly in routine care processes9 have potential to facilitate prag-

matic research in medical care settings and subspecialty settings such

as neurology or epilepsy clinics, while reducing participant burden.

EHR-based enrollment and remote outcome assessment via tele-

phone and/or EHR obviates the need for patients to attend in-person

research visits, which has potential to improve both access and ad-

herence. This is particularly valuable in epilepsy, a condition charac-

terized by recurrent seizures, where restricted driving privileges are a

major barrier to travel, and both research follow-up and epilepsy

care involve elements appropriate for remote follow-up.10 Indeed,

studies demonstrated no significant difference in seizures, hospital-

izations, or ER visits with remote care, along with high satisfaction

and improved follow-up.11–13 Moreover, close to 80% of people

with epilepsy live in low- and middle-income communities without

nearby specialized epilepsy centers, limiting access to epilepsy re-

search.14 Successful use of remote follow-up may expand research

access for individuals in these underserved communities. Thus, it is

important to study remote patient-reported outcome collection

among people with epilepsy, as this may have important implica-

tions for research serving people with epilepsy far beyond the

COVID-19 pandemic.

Anxiety and depression are highly prevalent in epilepsy and ma-

jor contributors to poor quality of life.15,16 The importance of

patient-reported outcome measures in epilepsy is exemplified by the

2017 Epilepsy Quality Measurement Set, with measures for screen-

ing anxiety and depression at each visit, assessing quality of life, and

evaluating quality of life outcomes.17 Thus, epilepsy patients with

anxiety or depression symptoms are an advantageous group to de-

velop and assess novel EHR-based approaches for pragmatic re-

search using patient-reported outcome measures. Our prior work

demonstrated patients with anxiety or depression were interested in

participating in pragmatic research for anxiety and depression,9 yet

one potential additional in-person visit was a major reason eligible

individuals declined enrollment in a treatment study.18 Considering

this data and transportation barriers faced by many with epilepsy,

use of pragmatic, remote outcome assessment methods may be par-

ticularly advantageous for research in this condition.

OBJECTIVE

This initial analysis of a pragmatic randomized pilot trial of PROM

collection among adults with epilepsy and high or borderline anxiety

and depression symptoms has the following objectives: (1) To assess

feasibility of EHR patient portal-based outcome collection (reten-

tion at 6 months, primary outcome), and (2) To compare process

measures and retention by EHR-based patient portal outcome

method versus telephone interview control condition at 3 and

6 months (secondary outcomes).

MATERIALS AND METHODS

Brief design overview, setting, inclusions/exclusions
This was a pilot, parallel group randomized trial of 6-month

patient-reported outcome collection by electronic health record

(EHR) patient portal versus telephone with 1:1 allocation. Partici-

pants were recruited from a tertiary adult epilepsy clinic with 6 epi-

leptologists and 1 epilepsy-specialized physician assistant in the

Southeastern United States. Inclusion criteria were: (1) age �18

years; (2) high or borderline anxiety or depression symptoms based

on electronic responses to validated anxiety and depression instru-

ments (Generalized Anxiety Disorder-7, GAD-7 score �819,20 and/

or Neurological Disorders Depression Inventory-Epilepsy, NDDI-E

score �1421,22); and (3) diagnosis of epilepsy based on EEG findings

or epilepsy specialist EHR-documented clinical impression. Individ-

uals were excluded if they indicated potential passive suicidal idea-

tion during clinic-based depression screening, via response of

“sometimes” or “always or often” to question 4 of the NDDI-E

(“I’d be better off dead”).23 A pop-up notification to the epilepsy

clinician occurred in the clinic encounter for these responses and

documentation tools were provided to clinicians as a guide for eval-

uating and managing suicidality. Individuals unable to indepen-
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dently complete anxiety and depression screeners in clinic were im-

plicitly excluded.

EHR-based, care-embedded recruitment
Study recruitment utilized an EHR-embedded screening and initial

trial recruitment process depicted in Figure 1. To enhance clinical

care in accordance with epilepsy quality measures,17 anxiety, de-

pression, and quality of life measurement was implemented in the

epilepsy center practice using electronic tools adapted from a multi-

center network.24,25 Patients completed the anxiety and depression

instruments and quality of life measure (Quality of Life in Epilepsy-

10, QOLIE-10)26 as EHR-based questionnaires in the secure patient

portal, typically on the clinic computer following rooming by clini-

cal staff. Staff launched the built-in questionnaires by clicking a link

in the EHR, allowing completion while patients waited to see the cli-

nician. A few patients noticed the questionnaires in the patient por-

tal prior to clinic arrival on the visit date and completed them on

their own device. Institutional Review Board-approved electronic

tools for preliminary trial screening and consent were built into the

Epic EHR. Individuals whose scores on the GAD-7 or NDDI-E were

in the eligible range for the randomized study (�8 or �14, respec-

tively) immediately received brief screening consent information and

questionnaire following the anxiety or depression screener (Figure 2).

The screening consent provided brief information on study goals

and activities (Figure 2A) and prompted interested individuals to en-

ter contact preferences (Figure 2B). In collaboration with 2 staff

EHR analysts (vendor EHR system Epic Systems Corporation, Ve-

rona WI) having research tool and ambulatory system expertise,

rules were built into the EHR for a notification message (Epic sys-

tem silent Best Practice Advisory) to a study team inbasket pool for

each interested and potentially eligible individual (Figure 1). These

messages included contact information from the screening consent

(Figure 2B), age, NDDI-E score, GAD-7 score, and NDDI-E passive

suicidal ideation response. The final inclusion criterion (epilepsy di-

agnosis) was assessed by study staff via manual EHR review before

telephone contact for enrollment (Figure 1). Results of anxiety, de-

pression, and quality of life measures were available in the EHR for

providers during epilepsy clinic visits, and otherwise participants re-

ceived usual epilepsy care.

Standard protocol approvals, registrations, and

consents
The institutional review board approved the EHR-based screening

consent followed by telephone consent, based on minimal risk study

classification. In addition to study coordinator documentation of

phone consent, enrolled participants received a study information

sheet by standard US Postal Service mail, containing the information

reviewed during telephone consent. The study is registered at clini-

caltrials.gov: NCT03879525.

Detailed study design, randomization, and follow-up
Following enrollment via telephone consent, a brief telephone inter-

view was conducted to collect demographics and baseline clinical

history. Other baseline variables were collected from the EHR. For

participants who did not already have an EHR patient portal ac-

count, research staff activated a patient portal account for them

prior to randomization. Participants were then randomized in RED-

Cap (Research Electronic Data Capture)27 to either EHR patient

portal outcome collection, or telephone outcome collection. The

randomization table was developed by the study statistician and

uploaded to REDCap by the programmer, thus concealing study

arm allocation from study coordinators and Principal Investigator

(PI) until participants were fully enrolled and coordinator activated

the REDCap randomization button. Allocation was 1:1 for EHR

versus telephone, using blocked randomization stratified by patient

portal enrollment status at baseline, with variable block sizes. For

this pilot study, to conduct and supervise outcome assessment proce-

dures, it was not possible to blind the study team to EHR versus tele-

phone allocation. However, identical encounter types were made

within the EHR and outcome instrument results were present in the

EHR regardless of study arm to blind treating epilepsy specialists to

the randomized allocation. Study procedures involved study staff

viewing individual patient-reported outcome results during data col-

lection, but the PI did not access these values until study end.

Those enrolled in the EHR patient portal arm received an in-

structional handout via mail on how to access patient portal-based

patient reported outcome measures. Follow-up patient-reported out-

come collection and reminders were conducted at 3 and 6 months

using these procedures: (1) Ten days prior to scheduled outcome, pa-

per outcome measures were mailed to telephone participants and

electronic outcome measures were sent to EHR participants in the

EHR portal; (2) Two reminder communications (telephone calls vs

patient portal messages) were provided to participants during the 10

days prior to outcome due date; and (3) Up to 5 postdue reminder

calls or EHR portal reminder messages were attempted following out-

come due date. Reminders were provided every 2–3 days following

target outcome date. Prior to 6-month outcome collection, 2 addi-

tional follow-up procedures were added via a protocol amendment.

First, 10 days prior to EHR outcome assessment due date, an en-

hanced tip sheet on how to access EHR patient portal questionnaires

from patient portal message notification emails was mailed to EHR

arm participants. Second, if a participant failed to meet the primary

retention outcome via the randomized method (defined as failure to

complete outcome assessment within 1 week of the final postdue re-

Figure 1. Recruitment process and role of the electronic health record (EHR). EHR-based anxiety and depression screening for clinical care (purple, far left) was fol-

lowed by EHR-embedded research screening consent and automated eligibility assessment, then study team notification message in the EHR (Epic system silent

Best Practice Advisory, BPA; EHR activities blue, left and middle portion of figure). Subsequently, study team tasks (red, far right) included manual epilepsy diagno-

sis assessment in the EHR and telephone enrollment.
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minder), up to 3 attempts for outcome collection were then made by

the alternative, nonrandomized method. Participants received a $15

incentive for completing the baseline interview and for each com-

pleted outcome assessment. Figure 3 outlines measure collection

method and timing for baseline variables and each outcome concept.

Baseline clinical and demographic variables
Sociodemographic variables were collected and coded using Na-

tional Institute of Neurological Disorders and Stroke Common Data

elements when possible. Education, marital status, and employment

were collected by interview. Age, sex, race, and ethnicity were

obtained from the EHR: variables were collected from EHR when

feasible to reduce participant burden. Epilepsy type was collected

from the EHR and classified according to 2017 International League

Against Epilepsy criteria.28 Seizure freedom (for at least 6 months

before baseline GAD-7 and NDDI-E) was also collected from the

EHR. Baseline anxiety (GAD-7),20 depression (NDDI-E),22 and

quality of life scores (QOLIE-10)26 were collected from the clinic

visit that prompted trial enrollment; these patient reported outcome

measures were also collected at each follow up. This initial report

focuses on retention and process outcomes from the randomized

trial.

Feasibility assessment, process variables, sample size
The primary feasibility outcome was retention in the EHR arm, with

retention defined as complete patient-reported outcome collection

occurring via randomized modality within 1 week of the 5th postdue

date randomized modality reminder (as described above). Study

Figure 2. Electronic health record-based screening consent. (A) Screening consent wording and button selections. (B) Additional questions that appear after

selecting the Yes response and clicking Continue.

Figure 3. Study design schema with outcome assessment. Baseline data collection and outcome measure concepts were collected from the clinical care visit that

prompted study enrollment (purple, top of far left), via research telephone call (red, lower figure) and via the electronic health record (EHR, blue, upper figure).

Individuals who did not meet criteria for retention at 6 months via outcome collection by randomized method would then have 3 additional contact attempts by

the alternative, nonrandomized method. *The primary outcome was retention at 6 months in the EHR outcome collection arm.
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sample size of N¼15 per arm was planned on the primary feasibil-

ity hypothesis that 6-month retention would be greater than 60% in

the EHR arm. Based on a Bayesian simulation of 10,000 trials with

sample size N¼15 in the EHR arm, a noninformative uniform prior

on the probability of adherence, and an 80% credible interval that

true retention is at least 60% as a target, we determined that if 11 or

more of the EHR-arm participants are retained, then we would be

83% confident that the true retention probability is greater than

60%. We selected 60% retention as the target based on retention in

efficacy trials, incorporating additional retention data from prag-

matic trials, and based on the study team’s consensus that retention

below 60% would not be acceptable for a future trial.29–32 Other

process and feasibility variables were collected at 3 and 6 months

(Figure 3). The outcomes included retention in both arms, total

study team time required for outcome collection, total study team

time for 6-month outcome collection and data entry, timing of out-

come collection relative to due date, whether EHR-arm participants

read the study EHR portal messages, and number of total contact

attempts/reminders.

Statistical analysis
Analyses were conducted using SAS 9.4. Descriptive and summary

statistics including proportions, mean, median and interquartile

range were calculated for the total sample and each group. Reten-

tion rates were calculated, together with 95% confidence intervals,

based on inverting the score test for a binomial proportion. Confi-

dence intervals for means were calculated on log transformed values

and back transformed. Retention, process, and health utilization

outcomes were compared between groups using Wilcoxon rank-sum

test or Fisher’s exact test, as appropriate. Age and anxiety and de-

pression scores were also compared across different branch points in

the trial screening/enrollment process.

RESULTS

Recruitment
Recruitment occurred from December 12, 2019 to May 14, 2020

and follow-up occurred from March 30, 2020 to November 10,

2020. Recruitment completed nearly 1 month faster than the

6 months projected during trial planning. Figure 4 demonstrates the

flow of potential participants from initial clinical anxiety and de-

pression screening, EHR-based automated eligibility assessment,

and enrollment through study completion. Of those who completed

anxiety and depression screens, 112 (42.1%) had borderline or high

scores on at least 1 instrument, and more than 75% of these individ-

uals responded yes to the screening consent (82 of 106 who com-

pleted the electronic screening consent question). Nearly 20% of

interested individuals were automatically excluded by the EHR algo-

rithm due to their scores on the passive suicidal ideation NDDI-E

item. Anxiety and depression scores and NDDI-E passive suicidal

ideation item responses did not differ significantly among those who

indicated yes versus no to the screening consent, nor for those who

ultimately enrolled versus did not enroll (among those with study el-

igibility EHR alert generated). The group that selected no to the

screening consent were younger than those who responded yes

(mean age 6 SD 30.4 6 12 years for No group vs 39.6 6 14.3 for

Yes group, P¼0.004, Wilcoxon rank sum test). There was no age

difference between those who ultimately enrolled versus did not en-

roll among individuals with eligibility EHR alert generated. All

N¼30 individuals enrolled were analyzed for retention and process

outcomes.

Participant characteristics
Table 1 shows sociodemographic and clinical characteristics of the

study sample at baseline. Age of participants ranged from 20 to 64;

40% were male and 20% were Black, mixed Black and White, or

Native American race. Half were married and fewer than half were

employed. Over 80% had focal epilepsy and only one-third had

been seizure free in the prior 6 months. Two-thirds of the study sam-

ple had positive screens for anxiety or depression (GAD-7�10 or

NDDI-E�16) and the remainder had borderline high scores.

Overall, the EHR and telephone arm participants had similar

characteristics, except all of the study participants with high school

or lower level of education were randomized to the EHR arm. Two

Figure 4. Eligibility participant recruitment flow diagram. Ns shown are

unique individual patients. The total number of clinic visits is shown in gray,

when there were repeated visits for individuals in the study period.
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participants did not have EHR patient portal accounts prior to study

enrollment; one in each arm.

Primary and secondary outcomes: EHR patient portal

versus telephone
Analyses of the primary and secondary outcomes are demonstrated

in Tables 2 and 3. The primary outcome, retention at 6 months

(PROM collection at 6 months in EHR arm within 1 week of final

reminder message) was met in 10 of the 15 participants in the EHR

arm (66.7%, CI 41.7%–84.8%). This did not meet the predeter-

mined feasibility goal of 11 participants retained, and the difference

in retention between EHR arm and telephone arm (100%, CI

79.6%–100%) was statistically significant. Nearly all 6-month

outcomes were obtained when the hybrid method of outcome collec-

tion was used for those not retained by randomized modality (tele-

phone for EHR-randomized participants, Table 3). The one

individual in Table 3 with failure to obtain outcome by hybrid

method actually returned most (but not all) outcome measures via

patient portal following initiation of telephone contact attempts.

Staff time required for 6-month data collection by randomized

modality was 11.8 min less per participant in the EHR arm (CI 3.3–

7.7 min) versus phone arm (CI 14.1–20.2 min). Time for data collec-

tion and entry was 15.4 fewer minutes per participant by random-

ized modality at 6 months (EHR CI 11–15.8, phone CI 22.1–

32.9 min; Table 2). When time for hybrid method follow-up (phone

calls among those not retained by EHR method) was considered

(Table 3), 4.2 fewer minutes staff time per participant were required

Table 1. Participant characteristics overall and by randomized modalitya

Characteristic Overall (N¼ 30) EHR (N¼ 15) Telephone (N¼ 15)

Age at baseline, years 42.5 6 12.8 42.5 6 13.4 42.5 6 12.7

40 [33, 53] 38 [33, 57] 46 [32, 53]

20–29 4 (13%) 2 (13%) 2 (13%)

30–39 10 (33) 6 (40) 4 (27)

40–49 6 (20) 2 (13) 4 (27)

50–59 7 (23) 3 (20) 4 (27)

60–64 3 (10) 2 (13) 1 (7)

Female 18 (60%) 7 (47%) 11 (73%)

Race-ethnicity

Non-Hispanic Black only 5 (17%) 3 (20%) 2 (13%)

Non-Hispanic white only 23 (77) 11 (73) 12 (80)

Otherb 2 (7) 1 (7) 1 (7)

Education

High school/GED or less 7 (23%) 7 (47%) 0

Associate’s degree/some college 15 (50) 5 (33) 10 (67%)

Bachelor’s degree or greater 8 (27) 3 (20) 5 (33)

Marital status

Never married 12 (40%) 7 (47%) 5 (33%)

Separated/divorced 3 (10) 1 (7) 2 (13)

Married 15 (50) 7 (47) 8 (53)

Employment status

Employed 9 (30%) 4 (27%) 5 (33%)

Disabled 15 (50) 8 (53) 7 (47)

Student 2 (7) 1 (7) 1 (7)

All othersc 4 (13) 2 (13) 2 (13)

Epilepsy type

Focal 25 (83%) 12 (80%) 13 (87%)

Generalized 4 (13) 3 (20) 1 (7)

Unknown 1 (3) 0 1 (7)

Seizure free at least 6 months 10 (33%) 4 (27%) 6 (40%)

Number of current antiseizure medications

1 13 (43%) 5 (33%) 8 (53%)

2 9 (30) 5 (33) 4 (27)

3 5 (17) 2 (13) 3 (20)

4 3 (10) 3 (20) 0

GAD-7 Score 10.5 6 4.5 10.5 6 5.3 10.5 6 3.8

9 [7, 13] 9 [7, 14] 9 [8, 13]

GAD-7� 10 13 (43%) 6 (40%) 7 (47%)

NDDI-E Score 15.3 6 3.0 15.4 6 2.8 15.3 6 3.4

15 [14, 18] 15 [14, 18] 15 [12, 19]

NDDI-E� 16 14 (47%) 7 (47%) 7 (47%)

GAD-7� 10, NDDI-E� 16, or both 20 (67%) 9 (60%) 11 (73%)

aCount (column %), mean6SD, and median [interquartile range].
bOne Black and White mixed race individual in the phone group and 1 Native American in the EHR group.
cIncludes keeping house, temporarily laid off, on leave via Family Medical Leave Act, not working.

EHR: electronic health record; GAD-7: Generalized Anxiety Disorder-7; NDDI-E: Neurological Disorders Depression Inventory-Epilepsy.
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in the EHR arm for data collection (CI 5.2–15.1 min) and 7.6 fewer

minutes for collection and entry (CI 13.6–25.0 min). Number of

reminders and timing of outcome collection did not significantly dif-

fer between groups (Tables 2 and 3).

Potential factors associated with outcome collection by EHR

portal were explored. Four individuals did not return EHR portal

outcomes at either 3 or 6 months. Of these, 3 (75%) had high school

education. Overall, retention was 4/7 (57%) at 6 months among

those with high school or lower education, and the other 2 individu-

als not retained in the EHR arm at 6 months had some college but

not a bachelor’s or higher degree. Weekly reviews of whether the pa-

tient portal messages had been read by participants in the EHR arm

demonstrated 2 individuals who did not return outcomes at 3 or

6 months never read any patient portal messages during the review

period; these individuals both had high school education. One indi-

vidual who did not return outcomes at 3 or 6 months by EHR read

some messages at 3 months, but none at 6 months. The others read

some or all messages at one outcome time point only (N¼2), or at

both time points (N¼1). The EHR-arm individual who did not

have a patient portal account before study enrollment returned all

outcomes in the EHR. Process outcomes were similar among partici-

pants with only borderline anxiety or depression scores at baseline

Table 2. Retention and process measures by randomized modality with no hybrid method of outcome collectiona

Overall (N¼ 30) EHR (N¼ 15) Telephone (N¼ 15) P value*

Retention

3 months 25 (83%) 10 (67%) 15 (100%) 0.04

6 monthsb 25 (83%) 10 (67%) 15 (100%) 0.04

Staff time for outcome collection (min)

3 months 14.4 6 7.3 11.0 6 7.1 17.9 6 5.8 0.004

12.4 [8.3, 19.4] 8.3 [6.0, 16.0] 18.3 [12.3, 22.0]

6 months 13.0 6 7.7 5.9 6 3.6 17.7 6 5.7 <0.001

(N¼ 25, 10, 15) 12 [6, 20] 4 [4, 8] 17.7 [12.2, 22.0]

Staff time for outcome collection and data entry (min)

6 months 22.8 6 13.6 13.6 6 3.7 29.0 6 14.3 <0.001

(N¼ 25, 10, 15) 21 [14, 27] 12.7 [11.0, 14.0] 26.0 [22.1, 32.3]

Number of reminders

3 months 2.8 6 2.3 3.5 6 2.5 2.1 6 1.8 0.09

2 [1, 4] 3 [1, 7] 1 [1, 2]

6 months 2.3 6 2.0 2.7 6 2.7 2.0 6 1.4 0.79

(N¼ 25, 10, 15) 1 [1, 3] 1.5 [1, 3] 1 [1, 3]

Observations relative to due date (days)

3 months �1.9 6 6.8 �2.1 6 6.2 �1.8 6 7.3 0.89

(N¼ 25, 10, 15) �3 [�6, �1] �2.5 [�7, 1] �3 [�6, �1]

6 months �1.7 6 8.1 �1.9 6 10.7 �1.6 6 6.2 0.34

(N¼ 25, 10, 15) �5 [�7, 0] �5 [�10, 0] �5 [�6, 1]

aCount (column %), mean6SD, and median [interquartile range]; data are complete unless otherwise noted.
bPrimary feasibility outcome.

*P values are for comparison of EHR and telephone groups, based on Fisher’s exact and Wilcoxon rank sum tests.

EHR: electronic health record.

Table 3. Retention and process measures by randomized modality with hybrid method of outcome collectiona

Overall (N¼ 30) EHR (N¼ 15)b Telephone (N¼ 15) P value*

Outcome obtained by dual method protocol

6 months 29 (97%) 14 (93%) 15 (100%) >0.99

Staff time for outcome collection (min)

6 months 15.6 6 9.8 13.5 6 12.5 17.7 6 5.7 0.09

14.7 [8.0, 22.0] 8 [4, 25] 17.7 [12.2, 22.0]

Staff time for outcome collection and data entry (min)

6 months 25.2 6 14.0 21.4 6 13.0 29.0 6 14.3 0.04

23.2 [14.0, 29.0] 14.0 [11.5, 29.0] 26.0 [22.1, 32.3]

Number of reminders

6 months 3.5 6 3.3 4.9 6 4.0 2.0 6 1.4 0.07

2 [1, 6] 3 [1, 9] 1 [1, 3]

Observations relative to due date (days)

6 months 3.3 6 13.7 8.3 6 17.3 �1.6 6 6.2 0.39

�2.5 [�6, 11] 0 [�10, 27] �5 [�6, 1]

aCount (column %), mean6SD, and median [interquartile range]; data are complete unless otherwise noted.
bTotal 5 individuals in this group had outcomes collected by hybrid method.

*P values are for comparison of EHR and telephone groups, based on Fisher’s exact and Wilcoxon rank sum tests.

EHR: electronic health record.
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(GAD-7 of 8-9 and/or NDDI-E of 14-15 but not higher for either in-

strument, N¼10) versus high scores at baseline (GAD-7�10 and/

or NDDI-E�16, N¼20). In this study, there were no adverse

events related to study activities.

DISCUSSION

This novel pilot trial demonstrated feasibility of recruiting individuals

with anxiety or depression symptoms from a comprehensive epilepsy

clinic for a pragmatic 6-month outcome study using EHR-embedded

screening consent and automated rules for preliminary eligibility as-

sessment. In this trial, the EHR-based eligibility screening approach

facilitated efficient and successful enrollment, with recruitment com-

pleting early in spite of clinic volume reductions over the final 7 weeks

due to COVID-19. The initial stages of eligibility assessment and

screening consent were embedded in routine care processes, and these

were largely automated or self-completed by patients. Thus, dedicated

research staff resources were not required until potential participants

had already indicated interest and met all but one of the eligibility cri-

teria. This builds on our prior work, eliminating the in-clinic time

spent by research coordinators to screen potential participants during

prior studies,9,33 and could serve as a readily implementable model

for efficient trial recruitment from routine care settings, in contrast to

exploratory automated methods utilizing artificial intelligence which

require further development prior to routine use.34–36 Use of EHR-

embedded questionnaires for both clinical screening and trial recruit-

ment supports a learning health system approach,1,37 as anxiety and

depression screening results remain accessible for clinical care using

existing clinical EHR documentation and review tools, and research

results can be used rapidly to further refine care processes. EHR-

based screening tools also have potential to support implementation

research and scaling of strategies in real world care settings.38 Limita-

tions to this approach include need for EHR analyst expertise and

time to build these tools into the EHR, general institutional informa-

tion technology support needs,39 and variability40 or lack of interop-

erability across different EHRs (and within the same EHR across

different institutions). However, these EHR discrete data approaches

pose an advantage over pen-and-paper measures that require staff

time to scan into the EHR and that are often not imputed as discrete

data elements.

Analysis of the primary feasibility objective in this study, success-

ful 6-month outcome collection (retention) in the EHR patient por-

tal arm, demonstrated actual retention of 67% (10 of 15) by

randomized modality following 5 postdue date reminders and a

mailed instruction handout on how to access the portal-based out-

comes from email links. This was significantly lower than the tele-

phone arm, and it did not meet the a priori target of at least 11

retained in EHR arm to support our hypothesis that true retention is

at least 60% for the EHR portal method. However, during follow

up phone calls for those who did not return EHR-based outcomes,

patient reported outcomes were ultimately collected among all par-

ticipants at 6 months (albeit with one individual returning most but

not all responses). The EHR method required significantly less re-

search staff time for outcome collection (>11 min per participant if

outcomes obtained by EHR and >4–7 min per participant with hy-

brid method). Reasons for lower retention in the EHR portal arm

compared with telephone arm may include: (1) limited notification

capabilities of the EHR platform (general email message for all por-

tal messages; actual content not visible until portal login); (2) portal

message fatigue due to higher than usual message volume during

follow-up (system-wide COVID-19 notifications); (3) education

level imbalance between the 2 study arms; (4) differences in skills

for information technology; and (5) reduced appeal of this method

among these study participants compared to telephone. One Austra-

lian smoking cessation trial did find an association of trial retention

with higher education,41 and low health literacy (often correlates

with low education) may pose a barrier to patient portal use.42

Overall, the retention and process measure results in our study sug-

gest an Epic EHR portal-based outcome collection approach may

not yield sufficient retention if used as a sole method of PROM col-

lection. A hybrid approach using EHR portal methods and tele-

phone follow-up may result in excellent retention and reduced

research staff resources compared with telephone alone. Refined

electronic or EHR-based methods including MyChart app with app-

based notifications warrant further study, and future studies should

incorporate explicit plans to account for education level imbalances

that might potentially affect retention.

Limitations and future directions
While this study is important in demonstrating efficient trial recruit-

ment using EHR-embedded tools and research staff time savings from

EHR portal-based outcome measures, limitations include small sam-

ple size, lack of balance in education levels across 2 arms, single site

and single EHR examined, and possible confounding of COVID-19

related factors with outcome collection. Although the sample size was

small, it was powered a priori to assess the primary retention outcome

in the EHR arm. If lower education is associated with reduced capa-

bilities to access and use electronic tools such as patient portals, then

the predominance of individuals with lower education in the EHR

portal arm could have resulted in lower EHR arm retention than

would have been observed in a balanced sample. Given COVID-19

related changes in daily living during the follow-up period, it is possi-

ble retention and process measures were affected by increased stay at

home time, potentially enhancing retention by telephone or overall,

though the direction of potential COVID-related impact is unclear,

nor is it clear whether this would have a differential effect on the 2

study arms. The single site and single EHR used in this study limit

generalizability of the results, and thus future work in additional set-

tings and using interoperable tools or additional EHR systems is war-

ranted. Future investigation comparing artificial intelligence-based

trial recruitment methods to the manually programmed EHR-based

methods used in this trial would also be beneficial.

CONCLUSION

Overall, this pragmatic randomized outcome measurement trial

demonstrated recruitment ahead of schedule with low initial re-

search staff effort. Better retention occurred at 6 months using tele-

phone assessment compared to EHR portal. Near complete outcome

capture was achieved, and >4–7 min of research staff time per par-

ticipant was saved when a hybrid method of EHR outcome assess-

ment followed by telephone was used. This hybrid approach may be

promising for future investigation and use in pragmatic trials. Future

work is warranted to investigate refined, EHR portal app-based

approaches and to compare AI-based recruitment to this study’s re-

cruitment methods.
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