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Abstract
Background: Pediatric hematopoietic cell transplantation (HCT), commonly referred to as blood and marrow transplantation
(BMT), is an intense treatment modality that requires the involvement of engaged caregivers during the patient&#8217;s
(child&#8217;s) prolonged hospitalization. The ubiquity of electronic health records (EHRs) and a trend toward patient-centered
care could allow a novel health information technology (IT) system to increase parental engagement. The paucity of research on
acute care, hospital-based (inpatient) health IT applications for patients or caregivers provides an opportunity for testing the
feasibility of such applications. The pediatric BMT population represents an ideal patient group to conduct an evaluation due to
the lengthy inpatient stays and a heightened need for patient activation.
Objective: The primary objective of this study is to assess the feasibility of implementing the BMT Roadmap in caregivers as
an intervention during their child&#8217;s inpatient hospitalization. The BMT Roadmap is an inpatient portal prototype optimized
for tablet with a user-centered design. It integrates patient-specific laboratory and medication data from the EHR in real-time and
provides support in terms of discharge goals, home care education, and other components. Feasibility will be proven if (1) the
BMT Roadmap functions and can be managed by the study team without unexpected effort, (2) the system is accessed by users
at a defined minimum threshold, and (3) the qualitative and quantitative research conducted provides quality data that address
the perceived usefulness of the BMT Roadmap and could inform a study in a larger sample size.
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Methods: This will be a single-arm, nonrandomized feasibility study. We aim to enroll 10 adult caregivers (age &#8805; 18
years) of pediatric patients (aged 0-25 years) undergoing autologous (self-donor) or allogeneic (alternative donor) BMT. Assenting
minors (aged 10-18) will also be invited to participate. Recruitment of study participants will take place in the outpatient pediatric
BMT clinic. After signing an informed consent, the research study team will provide participants with the BMT Roadmap,
available on an Apple iPad, which will used throughout the inpatient hospitalization. To measure the study outcomes, approximately
6-8 semistructured qualitative interviews will be conducted periodically from pre-BMT to 100 days post-BMT and an additional
15-20 semistructured interviews will be conducted among BMT health care providers to assess perceived usefulness and usability
of the system, as well as any associated workflow impacts. Quantitative survey instruments will only be administered to adult
participants (age &#8805; 18 years).
Results: Recruitment will begin in September 2015, and preliminary findings are expected in 2016.
Conclusions: This protocol offers a framework for the design and analysis of a personalized health IT system that has the
potential to increase patient and caregiver engagement in acute care, hospital-based contexts.
International Registered Report Identifier (IRRID): PRR1-10.2196/4918
(JMIR Res Protoc 2015;4(4):e119) doi: 10.2196/resprot.4918
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Introduction
A growing trend in patient-centered care and health information
technology (IT) systems for self-management has led to
innovation and better outcomes [1,2]. However, the inpatient
setting has seen little advancement in this realm of patient or
caregiver engagement. An opportunity exists to capitalize on
the ubiquity of electronic health records (EHRs) to provide
patients and caregivers real-time access to their own data in the
hospital setting [3]. Hematopoietic cell transplantation (HCT),
commonly referred to as blood and marrow transplantation
(BMT), is an intense treatment modality that requires patients
and caregivers to be engaged throughout the prolonged
hospitalization, which can last up to 6 weeks. Due to the
high-risk and long-term nature, pediatric BMT represents an
ideal population for testing the feasibility of novel health IT
systems.

over the past decade, which have led to improved outcomes,
BMT is an intense treatment modality often of last resort for
many conditions. A prolonged hospitalization is typically
required, keeping patients and their caregivers at the hospital
for up to a month or longer [6]. Patients often have a
compromised immune system for months following discharge
from the hospital, requiring vigilant disease management by
families because of its associated high risk for transplant-related
mortality [7].

Patient and Caregiver (Participant) Engagement

Health Information Technology-Mediated Systems

Effective communication between clinician-participants is
essential in the delivery of health care and is known to impact
clinical outcomes [8-10]. Research has shown that participants
who are more activated are more likely to engage in
disease-specific self-management behaviors and communicate
more effectively with providers [11,12]. Moreover, an
environment that supports the role of self-concept is more likely
to have effective self-managers [13,14].

Health IT systems used during hospitalization, particularly in
high-risk diseases such as BMT, could improve
clinician-participant engagement [2,4]. Such systems offer the
potential to overcome constraints in health care delivery limited
by provider time, complicated health information, and financial
pressures. Now that the vast majority of acute care hospitals in
the United States have an EHR [3], a tailored or personalized
health IT system is an accessible option to engage caregivers
with their child’s health information [2]. The use of systems
that integrate with EHR data would allow for caregiver
empowerment in the BMT and other clinical environments.
However, there remains a paucity of research on the use of
health IT tools in hospital-based contexts. Utilizing qualitative
research on the needs of the BMT caregiver population, this
study supports a feasibility evaluation of a health IT system,
the BMT Roadmap.

For critically ill children, such as in the BMT population,
caregiver participation is essential [12]. In fact, BMT treatment
mandates an identified caregiver [7]. Caregivers, the majority
of whom are the mothers of the patients, often take a highly
active role in supporting their children throughout the course
of hospitalization and beyond [15]. The severity of the illness
and high risk of the BMT treatment creates a highly complex
self-management environment. While helping their children
navigate treatment, caregivers often face major challenges in
their social, financial, and emotional lives [16]. This highlights
the importance of effective strategies to increase
patient-caregiver activation through caregiver empowerment
[11]. Empowerment can be increased by reducing the asymmetry
of health information between health care providers and
caregivers [8,17], which follows a trend toward patient-centered
care [18,19].

Blood and Marrow Transplantation
BMT is a potentially curative therapy for many malignant and
nonmalignant hematologic conditions [5]. Despite advances
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Methods
This is a single-arm, nonrandomized study that will take place
during the period of hospitalization for either allogenic or
autologous BMT. Participants will be provided with the BMT
Roadmap system at the time of admission and will be allowed
to use it during their length of stay.

Study Design, Development, and Prototype Testing
The design, refinement, and development of the BMT Roadmap
were based on user-centered design techniques that incorporated
feedback from patients, caregivers, and health care providers
[20-23]. Previous ethnographic research incorporated the
exploratory evaluation of original concept wireframes to
optimize functionality and design (Figure 1) [21,23]. The BMT
Roadmap addresses 3 areas in which increased access to
information may reduce stress experienced by parent caregivers:
navigating the health system and medical communications,
managing the day-to-day challenges of routine care, and
transitioning to long-term outpatient management. The BMT
Roadmap addresses these with 5 content modules personalized
to the patients: (1) laboratory studies, (2) inpatient medications,
(3) enrolled clinical trials, (4) list of the health care team, and
(5) criteria for discharge. The criteria for discharge are presented
via both the general progression of inpatient recovery (the
“phases” of the BMT Roadmap) and the direct checklist (Table
1). The overall user interface metaphor of a “road map” was
selected to represent the experience of BMT patients and
caregivers, which encompasses multiple, distinguishable periods.
It also references the intended purpose of the tool, to assist
caregivers in navigating their child’s BMT journey (Figure 2).
The BMT Roadmap is a Web application that integrates
patient-specific data from our vendor EHR, Epic via Web
services (Epic Systems Corporation, Verona, WI, USA).
Following the wireframes informed through ethnographic
research, design and programming work was done by the Center
for Health Communications Research (CHCR) at the University
of Michigan. During the development, certain functionalities
were selected due to prioritized information areas, need for
additional research, and feasibility of creation within available
resources. Specifically, the BMT Roadmap tool that will be
studied under this protocol does not include customizable goals,
nutrition, or activities tracking that were explored in early stage,
low-fidelity prototypes. The team felt that the selected
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functionality for this version of the BMT Roadmap represented
the most important discovered information areas for the period
of hospitalization and allowed for development within a
reasonable use of resources. Future research and development
will address the additional desires and areas of information
management relevant to our patient-caregiver population. The
application was optimized to be displayed on and used with an
Apple iPad Air. The Apple iPad was chosen based on its familiar
gesture-based interface, with which all of the BMT Roadmap
operates, and its ergonomics. Additionally, our hospital’s
medical IT department could provide support for securely
connecting an Apple iPad to our internal hospital wireless
network. In addition to the CHCR team, development was
collaboratively directed by the research team that encompasses
several disciplines including expertise in BMT,
computer-supported cooperative work, human-computer
interaction, health informatics, survey methodology, and
biostatistics.
Two “design workshops” (usability testing) were conducted
(unpublished data, March and April 2015) to assess heuristic
usability and perceived usefulness of the BMT Roadmap in
patients and caregivers. A total of 10 families participated,
including 10 caregivers and 7 patients. All families had
previously been through the initial hospitalization associated
with the BMT procedure and were currently receiving outpatient
care. In Workshop 1, participants were given low-fidelity paper
prototypes [23]. In Workshop 2, participants evaluated
high-fidelity prototypes (wireframes on iPad devices).
Participants were directly asked to respond to the user interface
metaphor and overall tone of the BMT Roadmap. Overall,
responses were positive and the team felt comfortable utilizing
the metaphor in the final BMT Roadmap, with the intention to
further consider user opinions under this protocol. The 5
modules (eg, labs, medications, clinical trials, health care
providers, and discharge criteria) were tested in these families
and additional input was sought related to information and
caregiving themes. Observation notes and transcriptions from
audio recordings were reviewed and discussed by the research
study team (MM, DAH, EK, MA, LA, and SWC). Minor
changes in the design, language, and functionality were made
to reflect expressed concerns in usability. Major changes were
documented as potential future functionality or modules not
represented in this pilot BMT Roadmap system.
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Table 1. Summary of the module features and addressed information areas.
BMT Roadmap module

Features of module

Addressed information areas
Navigating the health system and medical communications

Managing the day-to-day
challenges of routine care

Transitioning to long-term
outpatient management

Laboratory studies

Synchronously updated labs X
include complete blood
count for entire hospitalization and a 3-day trend for
electrolytes and liver panel,
reviewed during rounds

X

X

Inpatient medications

Details of medications and X
their purpose, potential side
effects, administration
modes, and alternative
names

X

X

Enrolled clinical trials

Includes plain-language
X
summary and scan of the
complete signed consent
form, including length of
participation and description
of relevant tasks or specimens

List of health care team

Ordered alphabetically or by X
role, includes photo, name,
and role

X

Criteria for discharge (home Description of the “phases” X
screen)
of BMT that lead toward
discharge (what to expect
and when)

X

X

Educational videos regarding practices to be done after
discharge (safe maintenance
of a central line catheter)

RenderX

X

Checklist of discharge crite- X
ria with bidirectional, 4point progression slider; intended to set both expectations and task-oriented goals

X

X

Glossary of common terms, X
available in a list and hyperlinked throughout content

X

X

My Characteristics PDF—a X
patient-specific summary
document frequently referenced by the medical team

X
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Figure 1. Original concept wireframes.

Description of Content Features
Clinical Phase Descriptions

scale to reflect the fluidity of medical progress. Items also
include educational tools, including self-care instructional videos
for posthospitalization (Figure 2).

Starting with chemotherapeutic conditioning before transplant,
the BMT Roadmap lays out a progression that patients and
caregivers can expect to go through during their HCT experience
for families. This is done using graphics of a road map with
buildings along the route as a visual metaphor for the major
clinical events to be encountered during the treatment course.
Each building has a description of potential symptoms or side
effects and recovery techniques. By setting expectations in
current and future phases, the aim is for families to have more
advanced knowledge of the expected course of treatment and
the progress one must make before discharge (Figure 2).

Medication List

Patient Characteristics

Medical Team

Each patient will have a personalized “My BMT Characteristics”
section that is developed by the health care team. This form will
provide information unique to the patient undergoing BMT,
such as type of conditioning chemotherapy regimen, dates of
the procedure, infectious disease markers, blood type, etc.

Because families have difficulty identifying and remembering
the numerous people providing inpatient care throughout the
day, we provide names and photographs of the care team,
including roles (eg, nurse practitioner, attending physician,
fellow).

Discharge Criteria

Clinical Trials

Discharge progress is represented alongside phases in the BMT
Roadmap, describing general health and emotional and progress
expectations. Discharge criteria are presented in the form of a
to-do list. The caregivers will have the ability to note their
progress for each element to mark when they are closer to
completing the criteria using a bidirectional, 4-point sliding

Families also often forget what clinical trials they are enrolled
in. Therefore, individualized clinical trial enrollment information
can be provided for each patient, including a descriptive
overview of the study, study details, and a scan of the consent
form that was signed.
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All prescribed inpatient medications are displayed, grouped by
purpose (eg, pain control, antibiotic, antigraft-vs-host disease),
including the dose, method of administration, and side effects.

Lab Results
Lab results are updated from the EHR in real-time and offer
basic visualizations of trends, as well as the most recent result
in numeric form. The primary results of importance to these
patients are provided including blood counts, and electrolyte
and liver panels.
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Figure 2. BMT Roadmap home screen, user interface metaphor and discharge criteria.

Glossary
The glossary includes commonly used terms and their definition.
The glossary can be accessed on the home screen or by clicking
on hyperlinked terms throughout the application.
http://www.researchprotocols.org/2015/4/e119/
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Security Measures
Health information data displayed by the system will include
patient laboratory results, medications, and a copy of signed
informed consent documents. While this protected health
information will be displayed on the iPad, the data are not stored
JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e119 | p. 6
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
anywhere within the system. Rather, the latest results will be
retrieved in real time using Web services to the EHR and
displayed to the user. Users are authenticated using a username
and password. Passwords are stored in the system using a secure,
1-way salted hashing function. Access to the underlying database
is restricted to the host server only. Detailed audit trails of use
are maintained. Servers will be hosted by the health system’s
medical center information technology (MCIT) department
behind the institution’s firewall, within the highly secure medical
center data center. The iPads themselves are specially configured
by MCIT to automatically connect to the hospital’s secure,
encrypted wireless network and to limit access to certain
applications and URLs within the Web browser; users will not
be able to install their own apps. This device will not work if
removed from the hospital wireless network and can be
deactivated remotely. Importantly, the security provisions for
this application were thoroughly reviewed and vetted by the
medical school’s information services department using a formal
risk assessment template approved by the health system’s
compliance office.
Patient and caregiver accounts will be created by the study team
users through a secure management console accessible only by
staff users. Patient and caregiver accounts are generated for
users who have consented to be a part of the study, allowing
for user-created password and a security question. The
application times out after 10 minutes, requiring re-entry of the
password. After 4 unsuccessful password attempts, account
reactivation requires an administrator override. All functions
require an authenticated user. Protected health information will
be identified with access only provided to authorized personnel.
The BMT Roadmap information system does not have any trust
relationships with external environments (eg, interconnection
agreements with third parties).

Maher et al
Based on the annual BMT census at the University of Michigan,
10 caregiver participants or patient-caregiver pairs (in the case
of an assenting minor) will be recruited at the rate of 2-3
participants or pairs a month. All candidates for BMT are
discussed at a weekly new patient evaluation meeting, which
will help the study team identify potential study participants.
Health care providers who work in the pediatric BMT unit will
also participate in research observation and interviews related
to their experience as patients or caregivers use the BMT
Roadmap.

Objectives
We hypothesize that the BMT Roadmap could provide a
platform to promote caregiver (parent) activation and enhance
health communication in a hospital-based context. Feasibility
of the BMT Roadmap will be evaluated by considering outcomes
of the following objectives:
1.

2.

3.

4.

Participant Eligibility, Recruitment, and Accrual
Participants will be limited to those hospitalized for a first
experience with BMT. Eligibility includes cancer and noncancer,
autologous or allogeneic transplant cases. Any consenting adult
caregiver (age ≥18 years) or minor assenting patient (aged 10-18
years with caregiver consent) is able to participate in the study.
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5.

Test the rate BMT Roadmap use in this population, with
an expected threshold of 20% caregiver or patient
enrollment into the study, with use throughout their
hospitalization, based on at least a single login per day
threshold.
Evaluate the impact of the BMT Roadmap system on
caregiver activation, satisfaction, and burden through use
of a survey instrument (eg, parent-patient activation model).
To account for potential confounding, anxiety, mood, stress,
miscarried helping, and experiential avoidance will also be
measured through validated survey measurements
instruments (Table 2).
Evaluate the usefulness and usability of the BMT Roadmap
(in participants and health care providers) through a
validated survey instrument (Table 2).
Assess the attitudes and perceptions of the participants and
health care professionals on the BMT Roadmap through
qualitative interviews.
Identify the presence and quality of care process redesign
associated with the BMT Roadmap.

JMIR Res Protoc 2015 | vol. 4 | iss. 4 | e119 | p. 7
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Maher et al

Table 2. Survey instrument summary.
Measures

Instrument

Description

Activation

Parent-PAM [12]

Satisfaction

Press Ganey [24]

Anxiety

State Trait Anxiety Commonly used and validated tool
Inventory [25]
with good test-retest reliability

Mood

Profile of Mood
States [26]

Burden

Population

Time
(min)

Baseline

Discharges

Day
100

Modified version of PAM, which
Caregivers
was developed to study parental activation using physical, emotional,
and role domains of general functioning

5-7

X

X

X

Patient inpatient experience and
overall satisfaction

Caregivers

5-7

X

X

Caregivers

5

X

X

X

Assess transient distinct mood states Caregivers
with 6 factor-based subscales: tension/anxiety, depression/dejection,
anger/hostility, fatigue/inertia, vigor/activity, and confusion/bewilderment

5-7

X

X

X

Caregiver Quality
of Life—Cancer
[27]

35-item rating scale measuring
Caregivers
physical, emotional, family, and social functioning burden will also be
used to evaluate caregiver burden

8-10

X

X

X

Stress

Impact of EventRevised [28,29]

22-item scale measuring difficulty Caregivers
faced over the past 7 days; the score
may be reflective of an acute stress
disorder

5-7

X

X

X

Miscarried helping

Helping for Health 15-item scale to assess how careCaregivers
Inventory [30]
givers perceive their own communication style regarding the patient’s
chronic illness; assesses miscarried
helping (ie, how the well-intentioned efforts of caregivers of children with chronic diseases may become barriers to successful treatment)

5

X

X

X

Experiential
avoidance

Parental Acceptance and Action
Questionnaire
(PAAQ) [31]

15-item scale that assesses experien- Caregivers
tial avoidance within the caregiver
role. The PAAQ includes 2 factors:
"inaction," composed of 9-items;
and "unwillingness," composed of
the remaining 6-items

5

X

X

X

Usefulness

Usefulness [32]

Custom questionnaire, as there are Caregivers, health
no validated instruments for measur- care professionals
ing satisfaction specific to the BMT
Roadmap information system

2

X

X

X

Usability

Usability [32]

Custom questionnaire, as there are Caregivers, Health 2
no validated instruments for measur- care professionals
ing satisfaction specific to the BMT
Roadmap information system

X

X

X

Qualitative and quantitative research methods will be used to
evaluate the objectives. From the time of admission until
100-days post-transplant, which is considered an end point for
early recovery from HCT, the research team will conduct
semistructured, qualitative interviews and administer validated
surveys (Table 2). All interviews will be audio recorded.

feedback regarding the tool or its presentation on an Apple iPad.
Participants will be encouraged to “think aloud” and will be
prompted to complete particular tasks or offer understanding
of specific information based upon previous interviews. Survey
instruments allow for evaluation of outcome measures, such as
usability of the tool and caregiver activation level, as well as
potentially confounding factors, such as stress or mood (Table
2).

Approximately 6-8 semistructured interviews per participant
will probe around broad caregiver information needs, the
perceived usefulness of the tool, and any literacy or usability

Another 15-20 qualitative interviews will be conducted of BMT
health care providers, including physicians, nurses, pharmacists,
nutritionists, social workers, and psychologists. Health care

Outcomes Measures
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professionals will complete a subset of the surveys. Both
interviews and surveys will seek opinions on the usefulness or
usability of the tool from a provider’s perspective, as well as
the presence and quality of care process redesign in response
to patients’ or caregivers’ use of the tool.
Additional data collected include demographic and baseline
information, comprehensive system usage logs (eg, login
frequency, pages viewed on the BMT Roadmap information
system, time stamps) and clinical outcomes (eg, length of stay,
risk of day 30 and 100 readmission, infections, transplant-related
mortality, and survival).

Analyses
Qualitative interviews will undergo systematic, transcript-based
analyses. Observational field notes will complement the
recorded audio. Each session will be transcribed and coded to
identify trends, adding additional codes and adjusting interview
structure based on initial results.
Analysis of the survey instrument data will include a reference
population of Parental-PAM (P-PAM) scores available in the
pediatric BMT caregiver population that measures
activation/participation. Comparisons of proportions of the study
population to the reference population will be taken into account.
Descriptive statistics will be calculated for each P-PAM score
and stratified into the appropriate level of activation. Results
will be compared with a published sample [12]. Univariate
analyses will be performed to assess associations between
P-PAM and demographic, social, and environmental
characteristics of the parent (eg, type of insurance, marital status,
number of children in household), disease-related characteristics
of the patients (eg, age, disease, disease status at BMT),
satisfaction [24], usefulness and usability [32], caregiver burden
[27], mood [26], anxiety [25], stress [28], miscarried helping
[30], and experiential avoidance [31]. Pearson’s correlation (and
other suitable measures of association for categorical variables)
will be used to determine the nature and significance of
association between each variable and Parent-PAM scores.
Despite limited degrees of freedom due to the sample size, the
survey instrument data will be analyzed using methods
appropriate to the scale of items.
An exploratory analysis of system usage logs and clinical
outcomes will be conducted to find potential correlations worthy
of further study or that would inform future design of a
personalized information system.

Maher et al

Pilot Study, Sample Size, and Retention
A sample size of 10 adult caregivers allows for an exploratory
and feasibility study on the use of the BMT Roadmap at our
institution. Recognizing that people have varying levels of
technology skills, retention will be determined by demonstrating
maintenance of at least 60% of patients and caregivers who
agree to using the BMT Roadmap throughout inpatient
hospitalization (ie, they log in at least once daily). By conducting
interviews and surveys during routine hospital and outpatient
care, there are minimal anticipated missing data. Given the
sample size and the single-arm nature of the study, we will not
be powered to determine statistically significant results in many
outcome measures. However, the data within an approximate
1-year study period are expected to inform a future clinical trial
and improved design of the BMT Roadmap.

Results
Recruitment will begin in July 2015 and results are expected in
2016. The evidence will reveal the feasibility of utilizing an
educational health IT tool in the BMT hospitalization process.

Discussion
The goal of this pilot study is to evaluate the feasibility of
implementing a patient-centric, personalized health IT system
in the hospital-based BMT setting. In this case, feasibility will
be proven if (1) the BMT Roadmap functions and can be
managed by the study team without unexpected effort, (2) the
system is accessed by users at a defined minimum threshold,
and (3) the qualitative and quantitative research conducted
provides quality data that addresses the perceived usefulness of
the BMT Roadmap and could inform a study in a larger sample
size. We hypothesize that caregivers will choose to use the BMT
Roadmap, report overall satisfaction with the system, and
become active participants in their health care. It is possible
that health care providers in the hospital unit will be satisfied
with the BMT Roadmap and its impact on the
clinician-participant relationship.

Conclusions
This protocol offers a framework for design and analysis of
personalized health IT systems to increase patient and caregiver
engagement in acute care, hospital-based contexts.
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