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Abstract
In primary care settings, follow-up regarding the outcome of acute outpatient visits is largely
absent. We sought to develop an automated interactive voice response system (IVRS) for patient
follow-up with feedback to providers capable of interfacing with multiple pre-existing electronic
medical records (EMRs). A system was designed to extract data from EMRs, integrate with the
IVRS, call patients for follow-up, and provide a feedback report to providers. Challenges during
the development process were analyzed and summarized. The components of the technological
solution and details of its implementation are reported. Lessons learned include: (1) Modular
utilization of system components is often needed to adapt to specific clinic workflow and patient
population needs (2) Understanding the local telephony environment greatly impacts development
and is critical to success, and (3) Ample time for development of the IVRS questionnaire
(mapping all branching paths) and speech recognition tuning (sensitivity, use of barge-in tuning,
use of “known voice”) is needed. With proper attention to design and development, modular
follow-up and feedback systems can be integrated into existing EMR systems providing the
benefits of IVRS follow-up to patients and providers across diverse practice settings.
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Introduction
In high-volume contemporary primary care settings, follow-up regarding the outcome of
acute outpatient visits is not systematically collected for all patients. As a result, reports of
negative patient outcomes often come to light during subsequent care visits, or reach
providers at a later time in the form of reports from other practitioners in the local health
system. In many cases, once the patient leaves the clinic there is no feedback to providers as
to the resolution of the health care issue addressed. The implementation of routine patient
contact after each visit could potentially capture unexpected outcomes early and allow
providers the opportunity to intervene in a timely fashion to prevent, or mitigate, negative
outcomes. However, the existing time demands on clinic staff make the prospect of routinely
contacting patients for follow-up a daunting task. Interactive voice response technology with
automated calling can provide a feasible, low cost alternative to contact patients for routine
follow-up in ambulatory care settings. [1–6]

Over the past decade, multiple studies have demonstrated the benefits of integrating
interactive voice response systems (IVRS) to screen and deliver interventions for a broad
variety of medical conditions in the outpatient care setting. [3, 7–14] These technologies
provide cost effective alternatives for gathering additional patient data used to enhance
subsequent care. Many IVRS initiatives in the extant literature refer to stand alone research
projects that target specific medical conditions and are not integrated into existing routine
outpatient care services. [5, 14–17]

Proponents often struggle with integration of IVRS into the routine care process. [3] As part
of a larger study where we evaluated the impact of strategies for patient follow-up and
reporting outcomes to providers, we developed an automated system to provide routine post-
acute visit follow-up. The system was designed to make telephone calls and interview
patients after their visits without adding additional demands to clinic staff or disrupting
established clinic workflow. Specifically, we: (1) designed and developed a technologically
flexible, interoperable IVRS as a modular attachment capable of interfacing with multiple
electronic medical record (EMR) products without requiring alteration of their underlying
source code; (2) integrated this system successfully into various clinic operations without
disrupting existing clinic workflow; and finally (3) used the system to report timely
feedback regarding patient outcomes to providers at the point of care, thus closing the
feedback loop. The present manuscript focuses on the development of the systems for post-
visit follow-up and the lessons learned in developing these systems. The overall outcomes of
use of the system, including the number of calls made and patients' responses are described
in a separate manuscript.

Materials and methods
Settings

The Closing the Feedback Loop (CFL) project was funded by the Agency for Healthcare
Research and Quality (AHRQ). Three primary care clinics using EMRs for patient care
participated in this study. Two of the clinics are a part of the University of Alabama at
Birmingham (UAB) Health System. Both UAB clinics provide longitudinal primary care to
patients; one is a general Family Practice clinic, and the other provides care for individuals
with human immunodeficiency virus (HIV) infection. The third clinic site provides primary
and specialty care to patients with cerebral palsy.

The Family Practice site utilized Allscripts™ TouchWorks, a commercially available EMR.
The clinic serving HIV infected patients utilized an internally developed EMR where
clinical, diagnostic and medication data were available to providers. The clinic serving
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patients with cerebral palsy used an open source outpatient oriented EMR known as World-
VistA, based on the EMR used by the U.S. Department of Veterans Affairs.

Design meetings took place at the University of Alabama at Birmingham where software
requirements were finalized by the study investigators and collaborators from each site.
Software development was carried out in collaboration with Physician Innovations, LLC, a
healthcare software development and consulting firm. This study was approved by the UAB
Institutional Review Board.

Workflow for automated feedback loop
In planning the development and implementation of our automated feedback loop, we
outlined the following processes for initiation and completion of patient follow-up after
acute care visits:

1. Following acute care visits, patients would be provided an opportunity to receive a
follow-up phone call in order for clinic staff to subsequently assess their status.

2. Patients choosing to participate would fill out a paper consent form at the clinic. A
clinical coordinator would then update the patient's record in the study database to
indicate consent along with contact details (i.e. preferred phone number and time/
day to be called). Only those patients who consented would have their data
uploaded from their clinic's EMR to enable an IVRS follow-up phone call one-
week after their acute care visit. The uploaded data included basic demographic,
diagnostic, and medication data as well as the aforementioned contact details. A
second verbal informed consent would be obtained from patients at the time of the
IVRS follow-up call and once consent was recorded, the IVRS would query
patients for information on their current health status using a standardized
questionnaire. The data would be stored in a HIPAA-compliant environment.

3. Patients reporting continued or worsening symptoms during the IVRS follow-up
call would be automatically directed/triaged to appropriate clinic staff to assist in
their care.

4. Data collected by the IVRS, along with data extracted (pre-populated) from the
EMR, would be stored in a database created to interact with both the IVRS and
EMR systems.

5. Using information stored in the database, patient responses would be summarized
in a standardized report form given to providers via their EMR. The report included
data for both individual patients as well as a summary of aggregate data for all
patients seen by the providers during the study period.

6. Finally, providers would acknowledge receipt of the report. The report would not
require immediate action on the part of the physician because urgent problems
would have already been handled at the time of the follow-up call via the usual
clinic triage protocol (see step 3 above).

Figure 1 illustrates these steps.

The successful implementation of these processes required the development of multiple
interacting systems including:

1. An automatic scheduling system for the follow-up call.

2. A centralized database housed in a secure server to store the data collected by the
IVRS during the follow-up call.
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3. An interface between this centralized database and multiple EMR products that
could be used to extract pertinent clinical data used for patient follow-up.

4. An application to aggregate the data into a report for the providers and to display
the report at the point of care during subsequent provider log-in to their clinic's
EMR.

Clinical documentation and notification application (CDNA©)
In order to address the aims above and to interface with three different EMRs, without
altering the underlying source codes, we developed an intermediate application, known as
CDNA, to which data from each EMR could be reported via automated data extracts (Fig.
2).

CDNA provides a user interface to serve two groups of users: 1) clinical coordinators who
augment the data extracts with patient contact details (i.e. preferred call time and phone
number); 2) physicians who view follow-up data on their patients. By implementing the
project's user interface changes in a physically separate, but carefully interfaced application,
we circumvented the issue of modifying each organization's core EMR system.

Flexible data entry was crucial in the design of the CDNA as it would have to accommodate
different data sources, including standardized extracts from an EMR and manual data entry.
CDNA was designed to: (1) automatically extract select clinical data from the EMR that
either a human or an automated IVRS could use to conduct post-visit follow-up telephone
interviews; (2) allow the interview data to be recorded; and (3) provide individual patient
reports to providers on the outcomes of the interview. CDNA was designed as a universal
add-on module capable of achieving interoperability with any existing EMR. The product is
a web-based application created with open-source technology. CDNA can receive data from
extract files from EMR systems (i.e. demographics and other data on consenting patients) in
a variety of formats including comma separated value (csv) files. Available EMR products
that can produce data extracts in virtually any structured text-based format can achieve
integration with CDNA. Our approach to launching the CDNA application for specific users
involved login and patient context synchronization (i.e. User authentication through the
EMR automatically resulted in authentication into CDNA. Similarly, selecting a given
patient in the EMR automatically caused the same patient to be selected in CDNA). Our
approach achieves both data and desktop interoperability with EMRs from the standpoint of
the end user (who perceives the EMR and CDNA to be a single application).

Upon provider sign-on to their local EMR, the CDNA application concurrently displayed a
summary report of the outcomes of that provider's patients enrolled in the study. CDNA was
designed to provide intuitive visual cues to physicians in order to facilitate efficient
feedback that could be processed “at a glance.” Color coding was used in the summary
report to illustrate individual and aggregate data and was modeled after the widely
understood traffic-light coloring scheme (red for patients who have developed new or
worsening issues, yellow for patients without improvement and green for those with
resolved or improving issues). A pie-chart was used to show patient outcomes from the
entire clinic population for benchmarking purposes. In addition, a listing for each patient
sorted by status to draw attention to those presumably needing the most attention (i.e. red
first, followed by yellow and green) was provided. Through bolded text, providers are
prompted to process the individual feedback resulting in a “clearing” of this feedback
information.

The add-on module approach we employed for CDNA eliminates the need to modify a
facility's core EMR. This was a critical point as modification of a core EMR carries the risk
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of introducing defects as well as voiding a product's Certification Commission for Health
Information Technology (CCHIT) certification. [18] Additionally, the modification of a core
EMR would almost certainly require assistance from the EMR vendor which adds a great
deal of cost and complexity to a project. Lastly, by designing CDNA to interface with
existing EMRs we achieved significant project cost savings by leveraging a single
development effort that could be used across multiple EMRs.

Interfacing data between EMRs and CDNA
Only those patients who had agreed to be called were entered into CDNA. To optimize
operational efficiency, CDNA was pre-loaded with basic patient demographic information to
reduce the data entry burden on clinic staff. To accomplish the preloading we developed
custom data interfaces between the cerebral palsy and the HIV Clinics' respective EMRs. In
both cases, at scheduled times each night, new patient data were extracted from the EMRs
and sent directly to the CDNA server via secure file transmission. CDNA was configured to
import this data 30 min later (to accommodate any unexpected transmission delays). If there
were missing or incomplete demographic data, due to CDNA's web interface, discrepancies
were easily detectable and could be corrected efficiently in collaboration with clinic staff. In
the case of the Family Practice clinic, data queries were completed through the EMRs'
reporting functions and data were then uploaded to CDNA.

Once the data were in CDNA, extracts were produced in a format intended for import by an
IVRS. In this scenario, CDNA essentially serves as an intermediary between the EMR and
the IVRS accepting data extracts, and also allows for the manual addition of any needed data
not present in the EMRs (e.g. preferred contact phone numbers, preferred day/time to call,
authentication codes, etc.).

Interactive voice response system
The IVRS we developed ran on a Dell PowerEdge R200 server running the Windows Server
2003 R2 operating system. The server had a Dialogic telephony card with four analog ports
to facilitate calling up to four patients concurrently. The telephony card served as the
interface between the server and the physical telephone lines. The proprietary IVRS
software application drove the hardware and used speech recognition and text-to-speech
technology as well as traditional use of touch buttons on the phone to interpret responses.
For our application we used the speech recognition features to improve usability and
eliminate the need to touch buttons on the phone. This is a significant advantage for
recipients of calls utilizing mobile phones with small or difficult to press buttons and
facilitates response for users whose hands are occupied.

We were concerned that computer-generated speech might result in increased hang-ups, and
limited its use to variable components of the questionnaire such as patient names. We
utilized high-quality pre-recorded audio from a clinic representative as much as possible.
Thus, the initial verbal introduction was indistinguishable from a live human, and call
recipients heard a “familiar voice” from the specific clinic. Complete sentences are formed
by enunciating prerecorded speech and computer generated speech in a continuous stream.
For example, “Hi, may I speak with (pre-recorded) “John Smith?” (computer generated).
Both open ended and multiple choice questions were used.

Automated data transfers and imports
Data were exchanged between the EMR, CDNA, and the IVRS via a series of precisely
timed automated uploads. The nightly EMR extracts to the CDNA included basic
demographic, diagnostic, and medication data. Sixty minutes after the EMR extract, CDNA
sent data to a central secure server (ftp server) that served as a university-wide resource for
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secure data exchange. CDNA data were uploaded to the IVRS from the central server, while
IVRS data containing patient responses to the administered surveys were uploaded to the
central server and subsequently accessed by CDNA. Through CDNA, IVRS data reached
clinicians as part of standard reports when they logged-on to their local EMR. These
standard reports were shown immediately upon login to the EMR since the CDNA
application is automatically launched in parallel as noted previously (and the reports specific
to that user are displayed in the CDNA window). The central ftp server functioned as a
secure bridge that allowed data to be sent bi-directionally across firewalls in encrypted form,
ensuring the safety of sensitive patient information.

The IVRS also produced an anonymous extract twice daily for use by the research team. The
extract is fully HIPAA compliant and excluded all identifiable patient data. Most data from
the IVRS were discrete coded responses, but in cases where the patient had to explain
something the research extract included recordings of patient responses to the IVRS
administered questionnaire in the wav file format.

Summary of patient safety and security measures
As noted above we have taken many steps to protect the patient's safety and confidentiality
and security of the data.

1. Patients who indicated that they were no better or were worse were automatically
routed directly to their clinic where a clinic staff member could address their
concerns.

2. CDNA and the IVRS were housed in a HIPAA-compliant environment approved
by the institution's Chief of Data Security.

3. The project protocol was approved by the Institutional Review Board of the
University of Alabama at Birmingham.

4. Patients were given information about the project and voluntarily provided phone
numbers by which they could be reached. To assure we reached the patient and not
another member of the household, patients provided a four digit code that they used
to authenticate themselves when the IVRS called. Formal verbal consent for the
data collection was obtained at this time.

5. The questionnaires were structured to avoid asking for identifiable patient
information, and there were no instances in which the voice files contained this
type of information.

Results and discussion
In the following paragraphs we will discuss key challenges that arose during design and
implementation of our IVRS. These challenges led to several important inferences that will
be of assistance to others considering IVRS development and implementation.

Modular use of the system
Because of the different populations and workflows in the three settings, different
combinations of the components of the full system were used at each site. The family
practice setting used the IVRS to make follow-up phone calls, but no direct interface
between its EMR and CDNA was built. Rather, an extract generated with the existing
reporting functions of its commercial EMR was sent to CDNA. Additionally, it imported the
data collected and provided feedback reports to providers within its own system. The
cerebral palsy clinic used CDNA to schedule phone calls and present feedback reports to
providers, but because of the limitations of its patient population, it followed up in person
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with patients rather than using the IVRS. The HIV clinic used all three combined systems:
CDNA to automatically extract data from the EMR, the IVRS for the phone calls, and
CDNA to present the reports to the providers.

Lesson When developing an automated system for use with multiple products within diverse
settings, it is important to consider how to integrate new with existing technology. Both
clinic workflow and impact of pre-existing conditions to successful communication with the
targeted patient population must be considered. Designing and developing a technologically
flexible system while understanding both clinic workflow and patient limitations are
necessary for widespread integration of the system across multiple settings.

Local telephony environment
Decisions about both hardware and programming needed to take into account the local
telephony environment where the system was implemented as well as where call recipients
reside. As an example of call-recipient-dependent logic, we needed to program the IVRS to
automatically add an area code and/or other prefixes depending on the recipient's phone
number even if not provided by the patient. This was necessary to minimize long-distance
charges. We tuned a Dialogic® card's technical parameters to our telephony environment.
The local environment is determined by the telephony switch in use (in our case a Nortel®
CS2100 switch). Additionally, the specific protocols supported also play a key role (i.e.
ISDN versus Analog). In our case, seeking optimal audio quality we preferred IVRS
technology that supported ISDN (digital) communication. However, the local environment
dictated an Analog approach, necessitating a change in our plans. Utilization of an analog or
digital approach impacts multiple parameters including recognition of hang-ups, the
initiation of call transfers, and the speech volume level (i.e. excessive volume creates echoes
while low volume is difficult to hear).

Lesson In order to obtain optimal outcomes, a complete understanding of the local (e.g.,
healthcare facility) and broader (e.g., patient's communication devices, connectivity,
telephone environment/local networks, etc.) telephony environment is critical. Local
communication departments' insight into the existing telephony infrastructure will provide a
valuable resource throughout development and implementation. Early contact and
engagement of these experts in IVRS development initiatives is strongly recommended.
Allowing adequate planning time to fully address such issues will ultimately save time and
false starts.

Testing the IVRS questionnaire
Questions asked by the IVRS are often guided by responses to prior queries (i.e., if a patient
is not taking medications, then medication adherence questions are skipped). Due to the
variety of branching paths possible through the IVRS questionnaire, comprehensive testing
was necessary. Initially, investigators created a flow chart that outlined all potential logical
paths and we tested these paths. The IVRS was then programmed to call selected team
members for further testing. In the process, we tested male and female speakers, slow and
fast speaking speakers, soft and loud voices, and foreign and US- born speakers. We also
made sure the IVRS responded properly to errors or no answers. In case testing team
members were not available at the pre-specified testing call times, and in order to provide
additional flexibility to our testers, we created a call-in phone number for IVRS testing. The
call-in line gave testers the ability to spend as much time as needed with the IVRS and to
replay scenarios as necessary to outline discrepancies in the logical paths of the
questionnaire.
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In addition to testing out the questionnaire logic, we also found that we needed to modify
some of the text-to-speech features of the system. Text-to-speech was used for patient
names. The IVRS software was programmed to recognize the text for common abbreviations
and say the full word or expression. Names that could be mistaken for abbreviations could
result in inappropriate translations, as we found out in our testing. A humorous example is
that when one of the authors whose first name is “Eta” tested the system, the system asked,
“Is this Estimated Time of Arrival Berner?”

Upon completion of this initial testing phase, we initiated user-acceptance testing by
creating outbound calls to clinic coordinators using specific testing scenarios, subsequently
reviewing and validating the resulting data collected and ensuring the data propagated back
into CDNA for clinician viewing (at the time of log-in to local EMR) was consistent with
that captured in the IVRS.

Lesson To facilitate the meticulous user testing necessary to map out all logical branching
paths we provided our team members with multiple ways to test, including waiting for pre-
specified call times or calling in to a specific number. This increased flexibility, as well as
facilitating and expediting testing.

Speech recognition and patient response tuning
We chose to use speech recognition because we felt it would be easier for patients.
However, this adds complexity compared to relying on telephone keypad responses as
speech recognition tuning requires careful consideration of multiple variables. These include
the adjustment of speech recognition sensitivity (i.e. the probability threshold setting
necessary to recognize a response) as well as the specific responses accepted (i.e. “yes”,
“sure”, “okay”). All speech recognition systems utilize probabilistic models such as the
Hidden Markov Model to recognize speech. In essence this means a computer can never be
100 % certain that a given word was spoken – only that a word was spoken with a certain
probability. During IVRS development, establishing speech recognition sensitivity
thresholds required much trial and error to achieve optimal results. Low settings, while more
permissive, carry the risk of misrecognizing words, while high settings might lead to a
correct word not being recognized. This trial and error testing needs to involve subjects of
both genders as well as individuals with a variety of accents. In our testing, we included a
variety of respondents with different voices and accents to make these adjustments.

“Barge-in” tuning represents another critical aspect of speech recognition tuning. This term
refers to whether or not the patient can interrupt the IVRS's questioning by speaking. In
some cases, we wanted the IVRS to be interruptible (e.g., as soon as the correct option is
heard, the patient should be able to select it). In other situations, we needed an entire phrase,
sentence, or paragraph to be heard before allowing interruptions (e.g. if performing informed
consent for study participation through the IVRS). Establishing which parts of the IVRS
script are permissible to “barge-in” and which are not will shorten the time burden on
participants and ensure that information provided to users by the IVRS is complete and
accurate. Other aspects that required testing included how much time delay to allow for
patient responses, how to handle situations where patients appear not to understand the
question, and other similar contingencies.

Finally, we opted for using prerecorded speech of a voice familiar to patients (a
representative from one of the clinics) because we hoped it would reduce hang-ups.
However, some individualized aspects, such as the patients' names, could not be
prerecorded. Trying to prerecord as much as possible also required us to be clear and
concise with our questions and actually simplified our questionnaire.
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Lesson Setting aside ample time for speech recognition sensitivity, “barge-in” tuning and
other aspects in the project schedule will pay large dividends in the project implementation
phase and subsequent user satisfaction. We received positive feedback from study
participants in regards to the use of recorded speech from a clinic representative (“known
voice”) rather than computer generated speech. Despite the extensive testing that should be
done during the development phase, it is also important to monitor the actual results from
patients and be prepared to revisit the decisions if problems arise.

Strengths and limitations
Based on our experience, one of the strengths in our approach is the flexibility of integrating
the modular feedback application into three different practices that serve distinct primacy
care populations. Thus, the lessons learned from the implementation into the workflow of
these varied settings may contribute to the work of other teams.

Our findings are limited by comprising the results of one experience within three distinct
clinics in the Southeastern United States. In addition, our study was limited to English-
speaking patients, so we did not test our IVRS scripts in other languages. Although our
questions were intentionally very simple and were spoken, it is possible that patients with
cognitive limitations might still have problems with the IVRS. The use of select
technologies and products may also limit the applicability to other settings.

Our design lacks real-time data interfacing as feedback obtained via the IVRS is relayed
back to clinicians in a batch manner (twice per day). This approach inevitably results in a
potential delay in receiving relevant alerts. We made this design decision to reduce system
complexity in conjunction with our knowledge that most clinicians in the study were
reviewing electronic patient records only sporadically throughout the day. However, as
EMR access via wireless mobile devices becomes ubiquitous, expectations of real-time
feedback increase and our design will need to evolve accordingly. It is important to note that
this decision did not affect patients with immediate needs getting immediate attention, since
patients with those needs were transferred to the clinic immediately at the end of the call.

A final limitation is that although we fine-tuned the system with extensive formative
evaluation we did not do formal testing of the reliability of the voice recognition.

Conclusion
IVRS technology has been used in both behavioral, medication and preventive care
adherence as well as in the ambulatory monitoring and care of multiple chronic conditions.
[3, 5–7, 9–12, 14, 15, 19–29] The accumulating body of evidence on the benefits of such
technology in the management of chronic conditions must contend with a convoluted health
informatics landscape where multiple proprietary EMRs are utilized. As part of this AHRQ-
funded study, we developed a flexible, modular approach and were able to successfully
work with three distinct EMR systems, including commercial, open source and “home
grown” EMRs, making IVRS follow-up of patients feasible for routine care in different
outpatient care settings serving different populations. By creating an intermediary CDNA
application that was able to adjust to different EMRs' data extraction specifications, we were
able to both upload data to our IVRS as well as return the results of IVRS surveys to
clinicians. These results were delivered within the context of routine clinic care, in a
standardized report that was automatically available when providers logged on to their
clinic's specific EMR. Flexible strategies such as ours will be needed to successfully bring
the benefits of IVRSs to diverse practices in our current fragmented national health
informatics landscape where interoperability with a diverse array of EMRs is required.
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Through strategies such as ours, the increasingly reported benefits of IVRS interventions can
be brought to bear across the spectrum of chronic medical conditions affecting our populace.
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Fig. 1.
Workflow for automated feedback loop
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Fig. 2.
Overall schematic of data collection and data sharing between project components
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