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1.0 Project Summary/Abstract 

 The term patient context refers to the myriad contextual factors in patients’ lives that 
complicate the application of research evidence to patient care.1 For instance, the inability of a 
patient to afford a medication for a particular condition is a contextual factor. Contextual factors 
can be addressed when correctly identified. Substituting a low cost generic for a high cost brand 
name medication may enable a patient to afford a medication. Addressing contextual factors in 
a care plan is termed contextualizing care.2 Conversely, the failure to address a contextual 
factor when it is feasible to so is a contextual error, because it results in an inappropriate plan of 
care.3 In sum, contextual errors are medical errors caused by inattention to patient context.  
They are common and linked to both diminished health care outcomes4 and an increase in 
health care costs related to overuse and misuse of medical services.5 These findings were 
determined using a validated method for coding audio recorded data called Content Coding for 
Contextualization of Care (“4C”)6 collected during the encounters by both real patients, and by 
unannounced standardized patients (USPs) employing checklists.7  
 Preventing contextual errors requires heightening clinician responsiveness to clues that 
there are contextual factors during the clinical encounter, in real time.8, 9  These clues, termed 
contextual red flags are evident in two sources: the medical record and from patients directly.10  
An unexpected increase in glycosylated hemoglobin is an example of the former; a patient’s 
comment that they’ve recently been having episodes of hypoglycemia reflects the latter.  An 
effective intervention would prompt clinicians to determine whether there are underlying 
contextual factors that could be addressed in the care plan, averting contextual error. This 
desirable process is termed contextual probing.6   
 While clinical decision support (CDS) has been used to provide physicians with timely 
biomedical information at the point of care to prevent errors11-13 and promote appropriate care,14-

16 this technology also affords an opportunity to draw physician attention to both contextual red 
flags and contextual factors in order to avert contextual errors. The proposed study is submitted 
in response to Special Emphasis Notice (SEN) NOT-HS-16-015, “Advancing the Collection and 
Use of Patient-Reported Outcomes and Patient Contextual Data to Improve Quality and 
Outcomes in Ambulatory Care through Health Information Technology.”  We will assess the 
potential of “contextualized CDS” to improve contextualization of care through a randomized 
controlled intervention trial, with assessment measures of both patient health care outcomes 
and averted costs associated with overuse and misuse of medical services. In addition to 
pursuing the aforementioned aim, the study design will adopt best practices for CDS design. We 
propose to implement highly personalized, concise, actionable contextual CDS strategies. The 
proposed study will pursue these aims by testing three hypotheses about contextualized CDS, 
and adhering to one design principle. The three hypotheses are that CDS:  
1. Reduces contextual error: CDS tools that inform clinicians of contextual factors and prompt 

them to explore contextual red flags should result in a reduction in contextual error. 
2. Improve health care outcomes: Contextualized CDS predicts improved health care 

outcomes defined as a partial or full resolution of the contextual red flag (e.g. elevated HgB 
A1c) after the index visit. 

3. Reduces avoidable health care costs: Contextualized CDS is associated with a reduction in 
misuse and overuse of inappropriate or unnecessary medical services.  

The design principle, referred to as “Five Right”17 is to provide the right information to the right 
people through the right channels in the right format at the right point in care delivery.  
 To test the hypotheses, patients who consent to participate will be randomized to usual 
care or care enhanced with contextualized CDS. Participants will audio record their visits, and 
the data will be coded using 4C. They will be followed for 4-6 months following the index visit for 
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assessment of outcomes using an established tracking method.6 In addition, USPs presenting 
with cases containing complicating contextual factors that if overlooked result in overuse and 
misuse of medical services, will be employed to assess the third hypothesis, and to supplement 
the data obtained by observing the effects of contextual alerts on the care of real patients for the 
first hypothesis.   
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2.0 Background/Scientific Rationale  

 A contextual error occurs when a care plan is inappropriate because of inattention to 
patient context.1 Increasing the dosage of a patient’s medication to manage deterioration of a 
chronic condition is a contextual error when the unaddressed underlying etiology is something in 
the patient’s circumstances, such as a change in health insurance coverage, loss of social 
support or competing responsibilities. Contextual errors are a subtype of medical error as they 
reflect “….a wrong plan to achieve an aim.”3  
 Our team has spent over a decade characterizing contextual errors (what they are and 
how to  detect them ), assessing their prevalence in various practice settings, measuring their 
impact on health care outcomes and costs, and trying to prevent them.8,9 For the latter we have 
attempted medical education interventions,4,18 and performance improvement strategies 
employing audit & feedback.19 A common theme of all of this work has been that contextual 
errors occur when physicians overlook essential information about patients’ circumstances and 
behaviors when planning their care, with measurably deleterious consequences for both health 
care outcomes and costs.20  Reducing contextual error rates may require real time strategies, 
activated during the clinical encounter, that prompt physicians to explore and address patient 
context in care planning.   
 In our research employing real patient collected audio we learned that contextual errors 
are common.  In a study in which 601 patients carried concealed audio recorders into their visits 
across multiple practice sites, we found that contextual red flags were present in 403 of visits 
(67%), and that contextual factors were revealed in 208, meaning that in 35% of encounters  
effective care required identifying and addressing a contextual factor.4 Physicians were 
successful about 59% of the time, and responsible for a contextual error in the remaining 41%. 
In other words, about 14% (0.41 x 35%) of overall care was derailed by a contextual error. 
When we followed these patients for 9 months, the presenting problem at the time of the index 
visit was less likely to improve or resolve compared to visits without a contextual error (46% vs 
71%; P= 0.002).  
 In our research employing unannounced standardized patients (USPs), actors 
presenting to clinicians as patients and collecting audio recordings, we documented similar 
performance problems, with high contextual error rates.7 These errors are caused either by 
inattention to contextual red flags – i.e. not noticing or responding to clues of underlying 
contextual factors, or not addressing contextual factors in care planning. The cases we 
developed were designed such that physicians were also challenged to avoid making 
biomedical errors, e.g. overlooking evidence of gastroesophageal reflux in a patient with asthma 
presenting with increased symptoms after meals and when recumbent. Before deploying USPs, 
the cases were iteratively refined until board certified physicians reviewing paper based 
versions had a low probability of making either a biomedical or contextual error when explicitly 
informed of the contextual factor.  10 In situ, however, contextual error rates turned out to be 
both common and more frequent than biomedical errors.  In a subsequent analysis we added up 
the direct service utilization costs of these errors using Medicare cost-based reimbursement 
data, by tabulating the expenses associated with misuse and overuse of medical services.5 
Over 400 encounters, biomedical errors contributed a mean cost of $30 per encounter, and 
contextual errors $231 per encounter (Figure 2).  

Clinical Decision Support (CDS) provides a set of strategies for both individualizing and 
timing heightened awareness of patient specific information to inform decision making. CDS 
integrates patient specific data with a  knowledge base and interprets the resulting data with 
clinical rules and guidelines to provide support to clinicians at various points in the care 
process.24 CDS can interact with clinicians in a variety of ways, from interactive alerts to passive 
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visualization that guides decisions without interrupting clinicians. It can be real time, or a 
message that can come at a more convenient time for non-urgent information.25  

To date the knowledge base in CDS systems has been primarily biomedical information, 
such as laboratory data, pharmaceuticals, diagnosis, patient allergies, age, sex, etc… We 
propose incorporating contextual information into the CDS knowledge base to allow CDS 
interventions that help clinicians pick up on contextual red flags and prevent contextual errors. 
The approach would embrace the “Five Rights”  framework already widely adopted in CDS 
design.17 CDS interventions must provide the right information, to the right people, through the 
right channels, in the right intervention formats, at the right points in workflow.  
 In the following section, we outline a plan for incorporating and rigorously assessing 
patient contextual information (contextual red flags and contextual factors) into CDS, and 
assessing its impact on contextual error rates, health care outcomes and the misuse and 
overuse of medical services, drawing on methods of measurement developed, validated and 
extensively employed in our prior research. In addition to measuring the benefits of 
contextualized CDS, this project will focus on best design practices, such that the contextual 
information is presented in a manner that is relevant to those who can act on the information 
and that results in the right action.  

 
3.0 Objectives/Aims 
We will assess the potential of “contextualized CDS” to improve contextualization of care 
through a 27 month randomized controlled intervention trial, with assessment measures of both 
patient health care outcomes and averted costs associated with overuse and misuse of medical 
services. In addition to pursuing the aforementioned aim, the study design will adopt best 
practices for CDS design. We propose to implement highly personalized, concise, actionable 
contextual CDS strategies. The proposed study will pursue these aims by testing three 
hypotheses about contextualized CDS, and adhering to one design principle. The three 
hypotheses are that CDS:  

1. Reduces contextual error: CDS tools that inform clinicians of contextual factors and 
prompt them to explore contextual red flags should result in a reduction in contextual 
error. 

2. Improve health care outcomes: Contextualized CDS predicts improved health care 
outcomes defined as a partial or full resolution of the contextual red flag (e.g. elevated 
HgB A1c) after the index visit. 

3. Reduces avoidable health care costs: Contextualized CDS is associated with a reduction 
in misuse and overuse of inappropriate or unnecessary medical services.  

 
4.0 Eligibility 

• Subjects include: 

• 500 adult patients of primary clinics at UIC and Loyola Medical Center (LUMC) 
(we estimate approaching 1700 patients to recruit 500) 

• The clinicians (physicians or nurse practitioners) seeing the 500 patients (at least 
20 clinicians and up to 200 clinicians) 

• Maximum subjects under this protocol: 2000 patients, 200 clinicians 
 
4.1 Inclusion Criteria 

• English-speaking adult patients presenting to outpatient primary care clinics 
for scheduled appointments who can be contacted in advance of their 
appointment and the clinicians (physicians or nurse practitioners) seeing 
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those patients at those visits. [Later amended to include Spanish-speaking 
adult patients as well]. 

• Eligible patients and their clinicians are identified from scheduled clinic 
appointments 

4.2 Exclusion Criteria 
• Patients with emergent or unscheduled visits or who do not speak English. 
 

4.3 Excluded or Vulnerable Populations 
• Patients who do not speak English are excluded because previously developed 

tools for assessing context and contextualization are only available in English 
and our 4C coding system has only been applied in English 

• Clinician subjects include UIC and LUMC employees. 
 
5.0 Subject Enrollment 

• Clinicians: Clinicians will be informed of the study at their standing staff meetings. They’ll 
be told that the purpose of the project is to assess whether enhanced clinical decision 
support, that provides both passive and actively delivered information provided by 
patients and extracted from their medication record about life challenges, or “contextual 
factors” that may be impacting their health care, can improve clinical decision making 
and health care outcomes and costs. They’ll be informed that if they participate data 
collection will require listening in on the visit and that we will be inviting patients to audio 
record their visits. They’ll also learn that this is a randomized study so that some of the 
time they’ll see contextualized CDS information and other times they won’t. They’ll learn 
that they are not a unit of study, and we will be collecting no data about their individual 
performance. We’ll also inform them that a decision not to participate will not impact their 
employment in any regard as we are a research team not connected to management. 
Those indicating they would like to participate will be contacted by an RA to complete 
the informed consent process 

 
• Patients: The proposed protocol is that patients of participating physicians will be 

contacted about 2 weeks prior to a scheduled appointment to the adult primary care 
clinic at either of the two sites. Initial contact will be via mail with an opt out for a follow 
up phone call. If they don’t opt out, the research assistant will call them. They will be 
informed that they are invited to participate in a study to determine whether providing 
their health care team with additional information in the electronic medical record about 
challenges or life circumstances they are facing that impact their care could improve the 
quality of their care, including their health outcomes. They will be informed that if they 
participate they will be asked and, assisted if needed, with completing a brief 
questionnaire for their medical record about challenges they are having that might 
impact their care. They’ll also learn that when they arrive for their appointment they will 
receive a small digital audio record to carry into the visit. They’ll be told that it is 
preferable to conceal the audio in their pocket or bag, but that they can take it out if they 
like. They’ll be informed that their doctor supports the study. We also encourage all 
patients to turn off the audio recorder at any time if they change their mind about 
participation. Finally, they’ll be informed that a member of the research team will access 
their record twice: first to note any information about their life situation that may be 
relevant to their health care now, and then several months later to see if key health care 
indicators noted at the visit have improved. Finally, they’ll be told that their doctor may or 
may not receive the information they provided, based on random assignment. We have 
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allocated $20 to each patient participant and they’ll be told that as well. Those who 
consent to participate will sign the consent document when they arrive for the 
appointment and are met by the RA. Only individuals who exhibit a full understanding of 
the protocol, and indicate they are comfortable recording their visit, are eligible to do so.  

 
6.0 Study Design and Procedures 
The protocol for the proposed trial is as follows: (a) Patients are contacted by phone 
approximately two weeks before a scheduled visit and invited to participate in a randomized 
controlled study of whether augmenting clinician attention to information about their life 
circumstances can result in higher quality care with better health care outcomes. (b) Among 
those who consent to participate, prior to randomization, subjects complete a brief questionnaire 
consisting of seven questions designed to elicit a broad range of contextual red flags, previously 
developed and validated with funding from another study (appendix). An affirmative response to 
any item prompts the respondent to then select one or more contextual factors if present. The 
instrument will be a commercially available portal tethered to the EHR for data transfer. Those 
who do not have web access will complete the instrument with the assistance of an RA over the 
phone before their visit or, if necessary, when they report for their appointment.  These data 
upload (for both the intervention and control group) into the electronic medical record as 
discrete variables. (c) For those randomized to the intervention, these contextual factors along 
with contextual red flags already stored in the EHR will produce a variety of CDS, both passive 
and interruptive alerts.  For visits by patients in the control group, the CDS system will not 
operate  (d) Just prior to their appointment, in a private area near the waiting room, participants 
will receive a small encrypted digital audio recorder to conceal in a bag, or eye glass case or 
other common personal item. (e) As participants exit the visit, they return the audio recorder to 
an RA who uploads the audio to a secure server.  
 

 
Figure 1: Participant flow 
diagram for randomized trial 
of contextualized clinical 
decision support in real 
patients. 

Note that while patient 
encounters will be 
randomized, physicians will 
not. Participating physicians 
will provide care both with 
and without contextualized 
CDS. Hence there is no 
specific physician sample 
size required for this section 
of the study.  
 
Randomization of 
unannounced standardized 
patients:  
 There are four 
reasons to employ USPs to 
assess the impact of an 
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intervention (contextualized CDS) on overuse and misuse of medical services. First, they are by 
definition standardized, meaning that physicians in both the control and intervention groups are 
seeing the “same” patient.30 This experimental approach enables apples-to-apples comparisons 
(i.e. intrinsic risk adjustment) of clinical decision making, isolating the intervention as the sole 
changing variable. Second they assess actual performance in practice, rather than just skills.22 
The third reason is that USP cases can be designed around ambulatory presentations for which 
there is evidence based consensus about what constitutes appropriate care.31  For instance, 
there is consensus that ordering radiographic studies on a patient presenting with 
uncomplicated lower back pain is an overuse of medical services. Similarly, ordering a 
malignancy work up on patient with weight loss in the setting of caloric deprivation is a misuse 
of medical services. The fourth reason is that USPs scripts can be customized around the 
particular CDS features we seek to assess.  For instance, if we seek to assess whether alerts 
designed to inform clinicians when their patients are not adhering to medications in the setting 
of deteriorating chronic care management (e.g. a diabetic patients with elevated Accucheck 
readings in their log book) reduce unnecessary consultation of specialists, prescribing of 
additional medications etc…we will employ USP scripts that simulate such presentations. 
 For this project, 4 USP scripts with embedded contextual red flags and factors, drawn 
from our library of such cases will be selected. Their training and deployment will be managed 
by the UIC Graham Clinical Performance Center, which has extensive prior USP experience.7,32 
The scripts will be modified and customized to assess the efficacy of the selected CDS 
innovations such that failure of CDS to prevent inattention to contextual red flags or factors in 
USP cases would result in a contextual error. Following the development of the 4 scripts, each 
script will be portrayed at 10 control visits without CDS support and 10 intervention visits with 
CDS support, divided across the two sites, for a total of 80 USP visits. 
 

 Year 1 Year 2 Year 3 Year 4 
Recruitment and Randomization of Real Patients 
Recruit 500 patients across two sites 
and assist with patient reported data 
entry (RA) 

                

Collect and 4C code audio recorded 
data (Project Manager and RA) 

                

Collect Outcomes Data based on 
tracking outcomes of contextual red 
flags on 120 patients for 6-9 months 

                

Randomization and Deployment of USPs 
Identify and train 13 USPs (CPC)                 
Conduct 80 USP visits                 
Analysis 
Data analyses of contextual error rates, 
outcomes, and costs of overuse and 
misuse of medical services 

                

Table 1: Project Timeline 
 

 
7.0 Expected Risks/Benefits 
 
7.1 Expected Risks 
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• Patients: The risks to patients are those that could be associated with any 
unintended dissemination of personal health information. A member of the 
research team, with patient consent, will access their medical record and will 
hear an audio recording of the patients encounter, collected by the patient. We 
have highly secure procedures and extensive experience avoiding any breach of 
PHI, using encryption for audio recorders, a secure server space approved for 
research data storage, and removal of patient identifiers when no longer needed 
for tracking outcomes (at about 4 months post index visit).  

• Clinicians: The risks to clinicians are those associate with any harm to reputation 
if they perform poorly and the encounter, captured on audio, were disseminated. 
We use encrypted audio, with data transfer directly to a secure research server 
space, and removal of identifiers when no longer needed for tracking. 

 
7.2 – Expected Benefits 
 

• Patients: We are conducting this study because we have prior evidence that indicates 
that patient have better health care outcome when clinicians address patient context in 
care planning. We hypothesize that providing contextual information via CDS will 
increase contextualization of care. Those patients in the intervention group may 
therefore receive better care. Those in the control group may also benefit from the 
exercise of completing a brief questionnaire that primes them to consider how their life 
challenges are impacting their health care.  

• Clinicians: Participating clinicians will benefit from clinical decision support that provides 
them with information about any life challenges patients in the intervention group are 
experiencing that may be relevant to care planning. In addition they’ll receive CDS about 
how to use the information in care planning efficiently. For patients in the control group, 
clinicians will receive usual CDS.   

 
8.0 Data Collection and Management Procedures 
 

• Patients: Data for this study will come from 3 patients sources: (a) Their medical 
record. These are contextual red flags (e.g. missed appointments, loss of control of a 
chronic condition); (b) a patient completed inventory that is tethered to their 
electronic medical record, eliciting both contextual red flags and contextual factors 
that are not likely to be present in the EHR. See appendix for items; (c) Audio 
recordings they collect of their encounter, from which contextual red flags and 
contextual factors will be noted, and whether the care plan is contextualized or 
contextual errors are present. The extraction of all these data follow the Content 
Coding for Contextualization of Care (“4C”) methodology as described in the 
proposal and previously published. These data will be accessible to the research 
assistant, project manager, and PI who are trained 4C coders, in a format that 
contains identifiers (MRNs). However, once they have extracted the data and paired 
data from the EHR with the audio coded data, identifiers are removed and replaced 
with arbitrary codes. They do retain, however, a crosswalk file between codes and 
MRNs separate from the research data so that they can follow up on patient chart 
based outcomes for the presenting red flag 4-6 months post index visit; once chart 
outcomes are extracted and tagged with the code, the crosswalk file will be 
destroyed. Beyond the coding team, data is only shared without identifiers. We will 
employ encryption on all audio recorders, and audio is immediately uploaded to a 
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secure research data approved server using a USB port following the visit. Access to 
the medical record is conducted by an RA trained in the “4C” method, as detailed in 
the proposal, which requires extracting specific information onto a spread – 
contextual red flags and factors as outlined in the research plan and detailed in our 
online and cited coding manual. In addition the patients note is linked to their data 
using a cross-walk file accessible only to the RA, project manager and PI, and then 
discarded after outcomes data is collected at 4-6 months, and identifiers are no 
longer needed.  

 
• Clinicians: Encounters rather than clinicians are the unit of interest for this study. 

There will not be sufficient data collection from any individual clinician to draw 
inferences about his or her performance. In fact, clinicians are not randomized in this 
study. The same clinician will see patients in both the intervention and control 
groups, with and without contextualized CDS. He or she will also see USPs with and 
without clinical decision support. Hence, we plan only to collect aggregate data on 
the participating clinicians, including age range, years in practice, gender, and 
whether they are trained in internal medicine, family medicine or as advance 
practices nurses. As described directly above, the audio recordings by patients of 
their visit with their doctor or APN will be encrypted and stored on a secure server 
space. Their voices may be heard on audio, however, and recognizable. Encryption 
means that only the 4C coders and PI will have the capacity to hear the audio. As 
doctors are not a unit of study, we do not plan to keep the names of doctors 
associated with data from their visits. The audio files will be stored until the date of 
the completion of the study which will be four years from the start date.  The digital 
files will then be irreversibly deleted.  

 
 
9.0 Data Analysis 

Hypothesis 1: CDS tools that inform clinicians of contextual factors and prompt them to ask 
questions when there are contextual red flags should result in a reduction in contextual error. 

 From real patient encounters (i.e. observational assessment):  Each visit is “Content 
Coded for Contextualization of Care” (“4C”).6  4C coding consists of reviewing the medical 
record and listening to the audio to identify the presence or absence of each of the four steps to 
contextualize care: Are there contextual red flags? If so, did the clinician probe them? If so, did 
the patient reveal contextual factors? Note that patients sometimes reveal contextual factors 
without a probe.33  Regardless, did the clinician incorporate the contextual factor(s) into the care 
plan? 4C enables care plans to be classified as either contextualized or inappropriate because 
of a contextual error. In the latter instance, 4C also pinpoints the cause of the error as either 
secondary to a failure to probe a contextual red flag or failure to incorporate a contextual factor 
into the care plan. Hence, 4C coding will ascertain whether contextualized CDS is associated 
with a reduction in contextual error.  And, when contextual error rates are reduced it will 
ascertain whether the reduction is associated with a higher probing rate or a higher rate of 
addressing contextual factors revealed without a probe into the care plan.   

 From USP encounters (i.e. experimental assessment): Does not require 4C 
coding; instead we use checklists based on evidence based criteria for appropriate vs 
inappropriate care. We will recruit USPs to present with 4 different scripts, with 
counterbalancing of control vs. intervention EHR rules and specific USP scripts among 
physicians, so that each physician sees 2 intervention USPs with the contextualized CDS rules 
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active and 2 control USPs with no contextualized CDS. As in our past work, likelihood of probing 
contextual red flags and contextualizing care will be tested using mixed effects logistic 
regression models to control for case differences and clustering of cases within physicians. 
 
Hypothesis 2: Contextualized CDS predicts improved health care outcomes defined as a 
resolution of the contextual error after the index visit. 
 This analysis is based exclusively on data generated from the real patient visits: 4C 
coding has been extensively utilized to track the resolution of contextual red flags.  We've 
demonstrated in a research setting that contextualizing care does predict improved health care 
outcomes as defined by resolution or partial resolution of the presenting contextual red flag at 6-
9 months following the index visit (with the range depending on timing of follow up visit or 
scheduled tests).4 We propose to duplicate the methodology in this project, again tracking the 
status of the contextual red flags of patients seen at the index visit using a blind methodology, 
comparing those in the intervention group to the control. A detailed description of the process of 
scoring for outcomes based on contextualization of care is provided in the Content Coding for 
Contextualization of Care manual, publicly available.27 As noted above, the outcome of interest 
is the disposition of the original contextual red flag when followed over time. The criteria for a 
good or poor outcome are prospectively determined, based on the original red flag, to avoid any 
bias resulting from knowledge of how the encounter gets coded. Determination of outcome is 
made blind to whether the index visit was coded as contextualized. A good outcome marks an 
improvement in the patient’s condition as reflected in the contextual red flag. A poor outcome 
indicates no improvement in the contextual red flag.  
  
Hypothesis 3: Contextualized CDS is associated with a reduction in misuse and overuse of 
medical services.  
 This analysis is based exclusively on data generated from the USP visits, in which 
physicians in the usual care and contextualized CDS groups see sets of “identical” patients for 
which misuse and overuse of medical services has been pre-defined. Utilizing our previously 
published methods,5 we will adopt the economic perspective of the patient and their third party 
payer, if any, with a time horizon of the expected consequences of care during the 30 days 
following the consultation. We consider only the direct consequences of care associated with 
diagnosis or misdiagnosis. We will not consider downstream costs beyond the initial 
recommendations from the consultation, and we will not consider societal costs not incurred by 
the patient or payer, such as lost productivity. We will include only resources related to the 
immediate diagnostic and therapeutic management at the index visit. Resources are direct 
medical costs in the case of unnecessary treatment and foregone direct medical costs in the 
case of under treatment. 
  
Sample size calculations 
Real patients (see Figure 5): Assuming, based on our prior research4 and data from the audit & 
feedback program,19 that contextual red flags with associated factors will be present in 50% of 
recorded visits, that 30% of patients approached will consent to participate, that physicians 
unaided will probe 50% of contextual red flags and that physicians unaided will contextualize 
care in 50% of visits with contextual factors, we propose to power the study for 80% power to 
detect an absolute increase in probe rate from 50% to 75% with contextualized CDS, and a 
corresponding increase in contextualization rates from 50% to 75%. Testing hypothesis 1 
requires 58 patients with identified contextual factors per group, and therefore at least 145 
patients consented and recorded per group. Testing hypothesis 2 requires at least 60 
contextualized care plans in the intervention group and 60 non-contextualized care plans in the 
control group, which we expect to achieve with 80 identified contextual factors in the 
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intervention group (requiring 192 recorded visits) and 120 identified contextual factors in the 
control group (requiring 288 recorded visits). Thus, to test all project hypotheses, we will 
approach and consent a sufficient number of patients (approximately 1600) to obtain recordings 
of 480 patients, randomize them to the intervention and control groups on a 2:3 basis (192 
intervention, 288 control), and expect to identify contextual factors associated with red flags in 
80 intervention and 120 control patients. As the primary care clinics at the participating sites see 
approximately 5,000 unique patients (UIC) and 25,000 (Loyola) annually, accrual is likely to 
require no more than 4-6 months. 

Sample size (USPs): In our past work with USPs, physician made contextual errors 
approximately 80% of the time.7 Assuming that the contextualized CDS enhances physician 
attention to red flags and leads them to probe substantially more often (e.g. increasing probe 
rate from 50% to 75%) and attend to identified information (e.g. increasing plan rate from 50% 
to 75%), we would expect overall contextual errors to occur no more than 45% of the time, and 
28 control and 28 intervention USP visits would provide 80% power to detect such a difference 
and test hypothesis 1. 
 In our past work, we found an overall median cost of error of $194 when cases 
presented with contextual red flags, based on a median cost of $231 when contextual errors 
occurred and a median cost of $0 when contextual errors did not occur.5 Based on bootstrapped 
simulation from our cost data in that study, 40 control and 40 intervention USP visits provide 
83% power to detect the expected cost reduction (a median of $156) due to reduced contextual 
errors using a Wilcoxon rank-sum test with a significance level of p<.05. Accordingly, we will 
conduct 40 control and 40 intervention USP visits to provide sufficient power to test both study 
hypotheses. As the study comprises 4 USP visits (2 control, 2 intervention) per physician, we 
will recruit 20 physicians for this portion of the study. 
 
10.0 Data and Safety Monitoring 
We believe this study is minimal risk. However, to ensure the safety of research participants 
and to comply with NIH policies, a DSMB will be formed in early months of the project and 
given responsibility to review and approve study methods and analysis plan for the research. 
The DSMB will be organized by Dr. Weiner and will consist of senior, experienced clinicians 
and health services researchers. If deemed necessary by the IRB, the Principal Investigators 
will not be on the Data Safety and Monitoring Committee, thereby ensuring some level of 
independent review. When necessary, we will bring in experts from outside the project to 
serve on the committee. The DSMB will review interim data mid-way through the study using 
a predetermined stopping rule to determine whether the intervention group is being 
significantly benefitted (or harmed) over the control group and whether early stopping is 
necessary. In the rare event that an adverse event attributable to the CDS intervention is 
found, we will contact the patient’s provider and document in the chart the potential error that 
was found. 
 
One mid-trial (half of patients enrolled) comparison of rate of 4-6 month post-visit resolution 
of visit contextual red flag for intervention vs. control visits using a mixed effects logistic 
regression model with random effect of clinic/site and fixed effect of trial arm. An effect of trial 
arm that is significant at the p<.01 level in either direction will trigger early stopping of 
additional recruiting (however, in patients already recruited who have completed the study 
visit, we will continue to obtain and analyze their 4-6 month post-visit medical records) 

 
11.0 Regulatory Requirements 
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11.1 Informed Consent  
• Patients: The proposed protocol is that patients will be contacted about 2 weeks prior 

to a scheduled appointment to the adult primary care clinic at either of the two sites. 
Initial contact will be via mail with an opt out for a follow up phone call. If they don’t 
opt out, the research assistant will call them. They will be informed that they are 
invited to participate in a study to determine whether providing their health care team 
with additional information in the electronic medical record about challenges or life 
circumstances they are facing that impact their care could improve the quality of their 
care, including their health outcomes. They will be informed that if they participate 
they will be asked and, assisted if needed, with completing a brief questionnaire for 
their medical record about challenges they are having that might impact their care. 
They’ll also learn that when they arrive for their appointment they will receive a small 
digital audio record to carry into the visit. They’ll be told that it is preferable to 
conceal the audio in their pocket or bag, but that they can take it out if they like. 
They’ll be informed that their doctor supports the study. We also encourage all 
patients to turn off the audio recorder at any time if they change their mind about 
participation. Finally, they’ll be informed that a member of the research team will 
access their record twice: first to note any information about their life situation that 
may be relevant to their health care now, and then several months later to see if key 
health care indicators noted at the visit have improved. Finally, they’ll be told that 
their doctor may or may not receive the information they provided, based on random 
assignment. We have allocated $20 to each patient participant and they’ll be told that 
as well. Those who consent to participate will sign the consent document when they 
arrive for the appointment and are met by the RA. If a patient is unable to participate 
fully in the informed consent process, there will be delegation to a representative. 
Only individuals who exhibit a full understanding of the protocol, and indicate they 
are comfortable recording their visit, are eligible to do so.  

• Clinicians: Clinicians will be informed of the study at their standing staff meetings. 
They’ll be told that the purpose of the project is to assess whether enhanced clinical 
decision support, that provides both passive and actively delivered information 
provided by patients and extracted from their medication record about life challenges, 
or “contextual factors” that may be impacting their health care, can improve clinical 
decision making and health care outcomes and costs. They’ll be informed that if they 
participate data collection will require listening in on the visit and that we will be inviting 
patients to audio record their visits. They’ll also learn that this is a randomized study 
so that some of the time they’ll see contextualized CDS information and other times 
they won’t. They’ll learn that they are not a unit of study, and we will be collecting no 
data about their individual performance. We’ll also inform them that a decision not to 
participate will not impact their employment in any regard as we are a research team 
not connected to management. Those indicating they would like to participate will be 
contacted by an RA to complete the informed consent process. 

11.2 Subject Confidentiality  
• Patients: Data for this study will come from 3 patients sources: (a) Their medical 

record. These are contextual red flags (e.g. missed appointments, loss of control of a 
chronic condition); (b) a patient completed inventory that is tethered to their 
electronic medical record, eliciting both contextual red flags and contextual factors 
that are not likely to be present in the EHR. See appendix for items; (c) Audio 
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recordings they collect of their encounter, from which contextual red flags and 
contextual factors will be noted, and whether the care plan is contextualized or 
contextual errors are present. The extraction of all these data follow the Content 
Coding for Contextualization of Care (“4C”) methodology as described in the 
proposal and previously published. These data will be accessible to the research 
assistant, project manager, and PI who are trained 4C coders, in a format that 
contains identifiers (MRNs). However, once they have extracted the data and paired 
data from the EHR with the audio coded data, identifiers are removed and replaced 
with arbitrary codes. They do retain, however, a crosswalk file between codes and 
MRNs separate from the research data so that they can follow up on patient chart 
based outcomes for the presenting red flag 4-6 months post index visit; once chart 
outcomes are extracted and tagged with the code, the crosswalk file will be 
destroyed. Beyond the coding team, data is only shared without identifiers. We will 
employ encryption on all audio recorders, and audio is immediately uploaded to a 
secure research data approved server using a USB port following the visit. Access to 
the medical record is conducted by an RA trained in the “4C” method, as detailed in 
the proposal, which requires extracting specific information onto a spread – 
contextual red flags and factors as outlined in the research plan and detailed in our 
online and cited coding manual. In addition, the patients note is linked to their data 
using a cross-walk file accessible only to the RA, project manager and PI, and then 
discarded after outcomes data is collected at 4-6 months, and identifiers are no 
longer needed.  

 
• Clinicians: Encounters rather than clinicians are the unit of interest for this study. 

There will not be sufficient data collection from any individual clinician to draw 
inferences about his or her performance. In fact, clinicians are not randomized in this 
study. The same clinician will see patients in both the intervention and control 
groups, with and without contextualized CDS. He or she will also see USPs with and 
without clinical decision support. Hence, we plan only to collect aggregate data on 
the participating clinicians, including age range, years in practice, gender, and 
whether they are trained in internal medicine, family medicine or as advance 
practices nurses. As described directly above, the audio recordings by patients of 
their visit with their doctor or APN will be encrypted and stored on a secure server 
space. Their voices may be heard on audio, however, and recognizable. Encryption 
means that only the 4C coders and PI will have the capacity to hear the audio. As 
doctors are not a unit of study, we do not plan to keep the names of doctors 
associated with data from their visits. 

11.3 Unanticipated Problems 
• Unanticipated problems will be reported to the UIC IRB and the DSMB, as well 

as to the sponsor if required by conditions of the grant. 
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APPENDICES 

 
 
Data collection fields to be added to patient portal for eliciting patient contextual red flags 
(6 questions) and contextual factors (check boxes) 
 
Adapted from inventory tool developed and widely utilized for a Veterans Administration 
funded study, Developing a patient inventory for patient centered care delivery, (HSR&D 
SDR 12-280). 
 
1. Patients often have many medications to take at different times during the day. 
Are you having any difficulty taking medications the way you have been told to take 
them? (Please select one.) 

 
YES                                                     NO 

 
IF YOU ANSWERED “YES” – PLEASE CHECK ALL THE BOXES THAT APPLY: 
 
 I have other things I need to do that interfere with taking my medication.  
 (For example: I can’t take breaks during my job to take medication; I am taking care of a 

sick family member.)  
 
 I don’t have anyone to help me take my medication correctly.  
 (For example:I need someone to help measure insulin dosage; I need someone to put 

my medication in a daily pill box.)  
 
 I didn’t have my medication.  
 (For example: My medication didn’t arrive from the pharmacy; I didn't have medication 

with me at the time to take.)  
 
 I ran out of my medications. 
 
 Another doctor/nurse gave me different instructions for taking my medication.  
 
 My medication is too expensive.  
 (For example:  I can’t pay for the medication.)   
 
 I sometimes forget to take my medication.  
 
 I’m not sure how to order my medication refills.  
 
 I’ve been so overwhelmed or sad at times that I haven’t been able to take my 
medication as prescribed.  
 
 I’m not sure how I’m supposed to take my medication. 
  
 (For example: I am confused about when to take my medication.)  
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 It goes against my beliefs or culture to take medicine.  
 (For example:  In my religion, we do not take medications when we are sick.) 
 
 My living situation interferes with my ability to take my medication correctly.  
 (For example:  I don’t have a safe place to keep my medications.) 
 
 I don’t think I need to take medication.  
 
 Other (please explain): 
________________________________________________________________________
__________ 
 
 
2. Patients often have many appointments, labs and other tests, as well as 
scheduled phone calls. Are you having difficulty keeping any of these 
appointments? (Please select one.) 
 

YES                                                     NO 
 
IF YOU ANSWERED “YES” – PLEASE CHECK ALL THE BOXES THAT APPLY: 
 
 I have other things I need to do that interfere with keeping my appointments.  

(For example: I can’t take time off from my job to come in for an appointment; I am 
taking care of a sick family member.)  

 
 I had trouble getting to my appointments.  

(For example: There’s no public transportation where I live.  I need someone to bring me 
to my appointment.)  

 
 I wasn’t sure when my appointments were.  
 
 I saw another doctor/nurse instead.  
 
 Nobody scheduled the appointment or test for me. 
 
 It’s too expensive to get to the clinic for my appointments.  
 
 I sometimes forget that I have an appointment scheduled.  
 
 I’m not sure I know how to schedule an appointment.  
 
 I’m not sure why I was supposed to have these appointments.  
 
 I didn’t think I needed to keep these appointments.  
 
 I’ve been so overwhelmed or sad at times that I hadn’t been able to keep my 
appointments.  
 
 It goes against my beliefs or culture to see a doctor/nurse.  
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 My living situation interferes with my ability to keep appointments. 
 
 
 Other (please explain): 
________________________________________________________________________
__________ 
 
 
3. Most patients have a plan for how to manage their health. Are you having any 
difficulty following this plan? For example: Checking your blood sugar levels or 
blood pressure? Watching what you eat; getting regular exercise? Following up 
with recommended specialist? (Please select one.) 
 

YES                                                     NO 
 
IF YOU ANSWERED “YES” – PLEASE CHECK ALL THE BOXES THAT APPLY: 
 
 
 I have other things I need to do that interfere with managing my health.  

(For example: I can’t take breaks during my job to check my blood sugar; I am taking 
care of a sick family member.)  

 
 I don’t have anyone to help me.  
 (For example: I need someone to help me use my glucometer to check my blood sugar 
level.)  
 
 I can’t get what I need to manage my health.  

(For example: I can’t get healthy food because there are no grocery stores in my 
neighborhood; I can’t check my blood pressure because I don’t have a home blood 
pressure monitor.)  

 
 Another doctor/nurse told me to do something different.  
 
 Some of the things I need to manage my health are too expensive.  
 (For example: Healthy foods are expensive.)  
 
 I sometimes forget what I’m supposed to do to manage my health.  
 
 I’m not sure what I’m supposed to do to manage my health.  
 
 I’m not sure why I’m supposed to manage my health.  
 
 I felt better and didn’t think I needed to follow the plan.  
 
 I’ve been so overwhelmed or sad at times that I haven’t been able to manage my 
health.  
 
 It goes against my beliefs or culture to follow the plan.  
 

\ 



  ____  
Integrating Contextual Factors into Clinical Decision Support to Reduce Contextual Error and Improve Outcomes in 
Ambulatory Care Version 2 
Page 22 of 24 6/8/2017 

 My living situation interferes with my ability to manage my health.  
 (For example: It’s hard to eat healthy foods when others in my house do not.)  
 
 I don’t think my health issues are a problem for me. 
 
 Other (please explain): 
_____________________________________________________________________ 
 
4. Have you visited an Emergency Room or Urgent Care clinic more than once in 
the past six months? (Please select one.) 
 

YES                                                     NO 
 
IF YOU ANSWERED “YES” – PLEASE CHECK ALL THE BOXES THAT APPLY: 
 
 
 I have other things I need to do that interfere with my receiving routine care.  
 (For example: I can’t take off from work to come in for an appointment; I am taking care 
of a sick family member.)  
 
 I don’t have anyone to take me to the VA during regular clinic hours.  
 (For example: I need someone to drive me to the clinic.)  
 
 I couldn’t get in to see my doctor/nurse quickly enough.  
 
 
 I didn’t have transportation to get to the VA for care during regular hours.  
 
 
 Regular clinic visits are too expensive.  
 
 
 I’m not sure how to schedule an appointment during regular clinic hours.  
 
 

I’ve been so overwhelmed or sad at times that I couldn’t make it to the clinic 
during regular hours.  

 
 
 My living situation interferes with my ability to make it to the clinic during regular 
hours.  
 
 
 I didn’t want to admit something was wrong and waited too long.  
 
 
 I didn’t want to bother my regular doctor/nurse.  
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 Other (please explain): 
________________________________________________________________________
__________ 
 
 
5. In the past six months, have you declined any treatments, tests, or procedures 
that your provider recommended; like vaccines, blood tests, a colonoscopy? 
(Please circle one.) 
 

YES                                                     NO 
 
IF YOU ANSWERED “YES” – PLEASE CHECK ALL THE BOXES THAT APPLY: 
 
 

I have other things I need to do that interfere with getting the recommended 
treatment, test, and/or procedure.  

 (For example: I can’t take off from my job to come in for a test; I am taking care of a sick 
family member.)  

 
 I don’t have anyone to help me with the recommended treatment, test, and/or 
procedure.  
 (For example: I need someone to pick me up after a colonoscopy.)  
 
 I had trouble getting to where I needed to be.  
 (For example: I did not have transportation.)  
 
 I received the treatment, test, or procedure somewhere else.  
 
 The treatments, tests or procedures are too expensive.  
 
 I’m not sure what the treatment, test, or procedure is for.  
 

I’ve been so overwhelmed or sad at times that I haven’t been able to get the 
treatment, test, or procedure.  

 
 It goes against my beliefs or culture to get the treatment, test, or procedure.  
 
 My living situation interferes with my ability to get the treatment, test, or 
procedure.  
 
 I don’t want to know the results of these tests.  
 
 I think you can get sick from some of these treatments, tests, or procedures.  
 (For example: The flu shot can make you sick.)  
 
 I’ve heard that some of these treatments, tests, or procedures can be painful or 
uncomfortable. 
 
 I don’t believe I need these treatments, tests, or procedures.  
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 Other (please explain): 
________________________________________________________________________
__________ 
 
6. Are you having any difficulty with your medical equipment? For example: a 
glucometer to test your blood sugar, a CPAP for sleep apnea, a wheelchair. (Please 
select one.) 
 

YES                                                     NO 
 
IF YOU ANSWERED “YES” – PLEASE CHECK ALL THE BOXES THAT APPLY: 
 
 
 I have other things I need to do that interfere with using my equipment.  

 (For example:  I can’t use my equipment at work. I don’t have time to use the equipment 
because I am talking care of family members). 

 
 I don’t have anyone to help me with my equipment.  
 (For example: I need someone to help load and unload my wheelchair from a car.)  
 
 I never received the equipment.  
 
 My equipment is broken.  
 
 The equipment is too expensive.  
 
 I’m not sure I know how to use the equipment.  
 
 It is complicated to work the equipment.  
 
 I am embarrassed to use my equipment in front of others.  
 
 I’ve been so overwhelmed or sad at times that I haven’t been able to use my 
equipment.  
 
 It goes against my beliefs or culture to use medical equipment.  
 
 My living situation interferes with my ability to use my equipment.  
 (For example: My home is too small to use a wheelchair.)  
 
 I don’t want to rely on equipment.  
 
 I don’t believe I need to use the equipment.  
 
 Other (please explain): 
_____________________________________________________________________ 
 
7. Is there anything going on in your life that is affecting the way you manage your 
health that you’d like your doctor to know about? 
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