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Abstract Objective: Patient-centered information management may overcome barriers that impede high-
quality, safe care in the emergency department (ED). The utility of parents’ report of medication data via a multimedia,
touch screen interface, the asthma kiosk, was investigated. Our specific aims were (1) to estimate the validity of parents’
electronically entered medication history for asthma and (2) to compare the parents’” kiosk entries regarding
medications to the documentation of ED physicians and nurses.

Methods: We enrolled a cohort of parents to use the asthma kiosk and tested the validity of this communication
channel for medication data specific to pediatric asthma. Parents’ data provided via the kiosk during the ED encounter
and the documentation of ED nurses and physicians were compared with a telephone-based interview with the parent
after discharge that reviewed all asthma-specific medications physically present in the home. Treating clinicians in the
ED were blinded to the parents” kiosk entries.

Results: Sixty-six parents were enrolled and 49 of 66 (74.2%) completed the gold standard interview. When analyzed at
the level of individual medications, the validity of parental report was 81% for medication name, 79% for route of
delivery, 66% for the form of the medication, and 60% for dose. Parents’ report improved on the validity of
documentation by physicians across all medication details save for medication name. Parents’ report was more valid
than nursing documentation at triage for all medication details.

Conclusion: Parents can provide an independent source of medication data that improves on current documentation

for key variables that impact quality and safety in emergency asthma care.
® J Am Med Inform Assoc. 2005;12:299-305. DOI 10.1197/jamia.M1713.

Complete and accurate knowledge of a patient’s history is es-
sential to safe and effective health care delivery. Information
systems such as computerized provider order entry, which
improve the quality of delivered care, depend on the elec-
tronic availability of valid data in key domains such as med-
ication history and allergy history. Initial capture of data
elements in these domains must occur through human effort
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at discovery and documentation. No evidence-based consen-
sus exists for how best to populate critical domains of knowl-
edge and validate the capture of patient-specific data at the
point of entry for a patient in a health care environment.

The emergency department (ED) represents an archetype of
a health care setting at risk of gaps in quality and safety as de-
fined by the Committee on Data Standards of the Institute of
Medicine: multiple providers involved in the care of individ-
ual patients, high acuity, a setting prone to distractions from
noise and crowding, need for rapid decision-making, and
communication barriers."? The ED functions as an important
safety net and site of care for large numbers of patients.” In
particular, ED visits for patients with asthma are considered
a sentinel event and an opportunity for intervention to im-
prove disease management.”> National guidelines for pediat-
ric asthma require that a patient’'s symptoms and current
medication regimen be evaluated to establish whether opti-
mal chronic control has been achieved.* Previous research
in ED-based pediatric asthma care demonstrates important
gaps in quality of history taking.®

A novel patient-centered technology, the asthma kiosk, was
recently developed for parents’ use in the pediatric ED to pro-
vide relevant data concerning childhood asthma.® This multi-
media, touch screen kiosk provides an electronic method to
capture parents’ knowledge regarding their child’s asthma
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symptoms, current medications, and home care needs and en-
vironmental risks. Patient-centered information management
holds the promise of addressing several ED-centric barriers
that impede high-quality, safe care.”®

The utility of this novel, parent-driven communication chan-
nel in providing valid medication data is the subject of this re-
port. Our major aims were (1) to estimate the validity of
parents’ electronically entered medication history for asthma
and (2) to compare the parents’ kiosk entries regarding medi-
cations with the documentation of ED physicians and nurses.

Materials and Methods

We enrolled a cohort of parents to test the validity of a novel
technology, the asthma kiosk, for the electronic capture of
medication data specific to pediatric asthma. The pediatric
ED of Children’s Hospital Boston, an urban tertiary care
setting, served as the study site. The research protocol
was approved by the Committee on Clinical Investigation
(Protocol # 02-05-056).

Selection of Participants

Parents and/or adult guardians of children between the ages
of 1 and 12 years who had a chief complaint related to the re-
spiratory system were identified on presentation to the ED.
Eligibility criteria for the parent-child dyad included (1) a his-
tory of asthma for the child, (2) verbal report of child taking at
least one medication for asthma, (3) primary language of
English or Spanish. Parent-child dyad were considered ineli-
gible if the above conditions were not met or if the child’s tri-
age status was emergent.

Parents were approached and screened by a bilingual re-
search assistant after the completion of nursing triage in
one of several areas of the ED: the waiting room, the triage
area, or a treatment room.

Protocol for Enrolled Parents in the ED
Enrolled parents completed a stepwise protocol. All aspects
of the protocol were completed while the parent and child
were in the ED with the exception of the gold standard assess-
ment of current medications as detailed below.

Parents independently entered information about their child
using the asthma kiosk (Fig. 1). The mean time to completion
was 11.4 minutes. The asthma kiosk is a multimedia, bilin-
gual, touch screen interface designed to capture asthma-
related history from parents of children with asthma.® The
module on current medications leads parents through a de-
tailed report of asthma-specific medications including name,
route of delivery, form of medication, dose, and frequency of
use. A summary screen gives the parent an opportunity to re-
view the information entered for a specific medication and to
endorse it as correct before entering data on the next medica-
tion. Screen shots of the interface are available as an online
data supplement at www.jamia.org. Parents’ data from the
kiosk were not shared with physicians and nurses providing
care for children whose parents enrolled in the study.

After use of the kiosk, parents completed a paper-based sur-
vey that elicited demographic information, previous experi-
ence with technology, and self-efficacy for asthma care.
Study subjects completed the paper-based survey in the lan-
guage that they used while interacting with the kiosk.
Parents were given a $10 coupon for use at a nearby food es-
tablishment as compensation for their time and effort.
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Figure 1. Mobile kiosk.

Gold Standard Assessment of Medication History
A bilingual research assistant blinded to parents’ kiosk entries
completed a structured telephone interview with parents af-
ter the ED visit where enrollment occurred. This interview
was conducted with the parent who used the asthma kiosk.
To ensure that the gold standard included current medica-
tions physically present at home, parents were asked to
gather all asthma medicines in the house that they used for
the child in question and have the medications in hand dur-
ing the interview.” To ensure that the parent reviewed medi-
cations in use as of the ED visit in question, the parent was
told “Iwould like to talk about just the medicines that (child_
name) was taking at the time of the emergency room visit.”
Asthma medications prescribed at the time of the ED visit
or prescribed in the days subsequent to the ED visit were
considered not to be part of the child’s current medica-
tion list at the time of the ED visit and were excluded from
analysis.

For each medication, the parent was asked to report the name,
route of use, form (concentration), dose, and frequency as re-
corded on the label supplied by the pharmacy. Additional
data recorded included manufacturer, physical appearance
of the medication, and parents’ report of any dose of medica-
tion and/or frequency of use that varied from that written on
the prescription label.

Classes of chronic medications that were considered “asthma
specific” by the gold standard assessment included B, ago-
nists, corticosteroids (oral and inhaled), leukotriene inhibi-
tors, and mast cell stabilizers. The telephone interviewer
attempted to contact parents beginning on day 3 after the
ED visit, making repeated calls until successful or until 7
days had passed after the date of enrollment.

Triage Nurse and Physician Documentation in the
Emergency Department

Triage nurses in the ED of the study site currently document
asthma-specific medications on a paper form whose format
prompts a detailed record (Fig. 2). ED physicians chart us-
ing a template-based EMR system (EM Station, VitalWorks,
Ridgefield, CT) (Fig. 3). Physicians can choose to follow the
template to record medications for a patient or type in free
text.
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Medical Record Abstraction

A trained reviewer blinded to gold standard data and par-
ents’ kiosk responses surveyed nursing and physician ED
records for documentation of medications used to treat the
child at home. Using a structured form, the abstractor noted
all attributes of medications that were documented in the
medical record. Medications given by the primary care doctor
or by EMS providers to stabilize the child’s acute condition
before arrival in the ED were not considered to represent cur-
rent or “at home” medications for the purposes of this study.
Ten percent of the records were re-abstracted by a second re-
viewer to confirm the accuracy of the data abstraction.

Outcome Measures

The primary outcome for this project was the point estimate
of valid report of asthma-specific medications from three
sources (parent, physician, and nurse). The unit of analysis
was considered to be an individual medication. Report of
a specific medication was considered valid if it matched de-
tails of that medication as determined by the gold standard
interview (GSI). This definition of validity encompassed
both the accuracy and completeness of a given attribute of
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a medication. Although theoretically correlated to the report
of the medication name, subattributes of medication (route
of delivery, form, and dose) were considered as distinct ele-
ments during primary analysis.

Primary Data Analysis

Point estimates were reported as proportions and as percent-
ages with 95% confidence intervals (CIs). We compared the
validity for different reporters (parent, nurse, and physician)
and used the lack of overlap for 95% CIs as a measure of sig-
nificant difference between reporters.

Microsoft Access (Microsoft Corporation, Redmond, WA)
was used as the database for this work. SAS 8.0 (SAS
Institute, Cary, NC) was used for all analyses.

Results

A total of 182 parents of children between ages 1 and 12 years
presenting to the ED with a respiratory complaint were
screened between May 2003 and September 2003. Of those
screened, 105 (57.7%) parents were eligible. Sixty-six of 105
eligible parents (62.8%) were enrolled in the study. Of the
39 parents who were eligible but not enrolled, 11 (28.2%)

Triage Vital Signs Level of Respiratory Distress Allergies: ONKA Specimens:
TIME| T | p | BP | RR O, Sat(RA)[PEFR ifpr = 5 o (absolute %) QYes QUA
acvs
arTc
Immunizations: QUTD ONo Exposures: Precautions:
Chicf complaint:  QWheezing (how long:_ ) IDifficulty breathing (how long: ) QCough (how long: )
History of present illness: = e - -
PM hx: - . - - - -
¢ || # Asthma admissions: CURRENT MEDS: dose [P0 L0 within last 4h
{ Most recent: - | Home: B-agonist:
E — — Steroids:
£ || ICU admits: QNo Other:
! QYes. date(s) . :
PCP/ED visit for asthma: < 24 hours [TCP" B-agonist: - )
224-72hours | FPF Steroids:
None Other:
[ Triape Resniratory Soverit: Senras (eivela ceitarial =l 0n

Figure 2. Asthma template used by triage nurse to document medication history.
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Able to drink.

ICURRENT MEDICATIONS:
- Albuterol [DOSE]

PE [PE)

[TREATMENT&COURSE]

[ASSESSMENT/PLAN]

14 month old female patient presents with mild wheezing for 2 days.
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Figure 3. Example of medication template used by emergency department physician.

refused to participate and 28 (71.8%) were missed. One parent
of the enrolled cohort of 66 parents did not use the asthma
kiosk after informed consent was obtained.

The GSI was completed with 49 of 66 parents (74%). Parents’
data from use of the asthma kiosk was available for 40 of
these 49 parents (82%). Physicians’ documentation was re-
viewed for 47 of 49 records (96%); two patients had left before
being seen by a physician. Triage nurses’ documentation was
examined for 47 of 49 records (96%); two records were not
able to be located.

Table 1 compares the demographic and personal attributes of
the 40 parents with data from both the kiosk and the GSI ver-
sus the original cohort of 65 parents who used the kiosk.

Parental Cohort

Data for the 40 parents who had kiosk data available were
compared with data gathered by the GSI. According to the
GSI, a total of 99 asthma-specific medications could have
been reported across the 40 patient visits, with the absolute
number reported per child ranging from one to four. Data
from the asthma kiosk demonstrated that seven medications
noted on GSI were missing from the parental report kiosk and
15 medications were reported by the parent but not discov-
ered during the GSI. The overall percentage of validity of
parents’ report for medication names specific to asthma
was 81%.

Table 2 outlines the validity of parents” electronically captured
information and how inaccuracy and missing data affect the

Table 1 m Comparison of Initial Cohort to Subset
Available for Analysis*

Cohort of 40 Cohort of 65

Descriptive Variable parents, No. (%) parents, No. (%)

Comfortable/very comfortable 36/39 (92) 57/63 (91)
with ATM

Used ATM in last month 33/40 (83) 53/65 (82)

High school education or less 15/40 (38) 24/64 (38)

Self-report of race as black 19/39 (49) 32/63 (51)

Self-report of “more than 04/39 (10) 07/63 (11)
one race”

Self-report of ethnicity as Latino ~ 05/40 (13) 11/64 (17)

ATM = automated teller machine.
*Certain denominators # 40 (analyzed cohort) or # 65 (enrolled
cohort) due to missing data.

overall validity across four levels of detail: medication name,
route of delivery, form of medication, and dose of medication.

Comparison with Emergency Department
Physicians and Nurses

The validity of parents’ report on medications was compared
with the documentation of physicians and nurses in the ED
record. Figure 4 demonstrates important variation in the val-
idity of data from each reporter. The validity of medication
name reported by the parents using the kiosk was 81%
(95% CI 72%—-87%) compared with the validity of physician’s
documentation of medication names at 68% (95% CI
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58%—75%). Parental report significantly improved on the
validity of triage nurses’ documentation at all levels of detail.

Two major threats to the validity of medication data were
analyzed: inaccuracy and lack of documentation. Parents,
nurses, and physicians did not vary significantly in the accu-
racy of the medication data provided. The percentage of indi-
vidual medication reports provided by parents that had
inaccurate medication names (13%, 95% CI 8%-21%) did
not significantly differ from that of physicians (11%, 95% CI
6%—-18%) or nurses (7%, 95% CI 3%—-13%). However, parents’
electronic report using the asthma kiosk to provide medica-
tion names limited the quantity of missing or undocumented
data. Parents provided significantly less incomplete informa-
tion (6%, 95% CI 2%-12%) compared with physicians (22%,
95% CI 15-30) or nurses (36%, 95% CI 28—45).

Secondary Analyses

Medications were grouped at the level of the parent reporter
and the validity of parents’ report was evaluated. Nineteen of
40 parents (48%) reported all medication names correctly and
completely with no false positives. Seventeen of 40 parents
(42%) reported all medication names and routes in a valid
manner. Only ten of 40 parents (25%) provided valid data
for all medications at the level of name, route, and form.

We investigated the kiosk’s value as a “stand-alone” data
source for asthma medications. A minority of parents (eight
of 40 [20%, with lower 95% CI of 9%]) reported valid data
on all asthma-specific medications used by their children at
all levels of detail. Of note, validity of documentation by
physicians and nurses as stand-alone data sources performed
at a significantly lower level than did parental report. No
physician or nurse documentation demonstrated complete
and accurate medication data across all levels of detail
(0/47, 0% with upper 95% CI of 6%).

Missing data were examined across type of medications for all
reporters. Of seven medications missing in parents’ report,
four of seven (57%) were B, agonists, two of seven (29%)
were controllers, and one of seven (14%) was an oral systemic
corticosteroid. Of 27 medications missing in physicians” re-
ports, 18 of 27 (67%) were B, agonists, eight of 27 (30%)
were controllers, and one of 27 (4%) was an oral systemic cor-
ticosteroid. Of 45 medications missing in triage nurses’ docu-
mentation, 25 of 45 (56%) were B, agonists, 19 of 45 (42%)
were controllers, and one of 45 (2%) was an oral systemic cor-
ticosteroid.

Discussion

Safe and effective medical care demands a complete and accu-
rate assessment of a patient’s current medications. We present
evidence of serious gaps in data capture and documentation
for the asthma-specific medication history based on the stan-

dard practice of ED physicians and nurses. Parents” indepen-
dent report of current medications using a multimedia touch
screen kiosk improves on the current documentation of clini-
cal ED providers, despite its limitations as a stand-alone
source of historical data.

The asthma kiosk promotes an active and structured role for
parents as informants to the clinical care process in the ED. It
produces patient-specific medication data in electronic form
that could populate centralized knowledge management sys-
tem. Strategies for improvement in health care must recog-
nize all available resources and stakeholders who can
contribute to better performance.'” Parents’ provision of med-
ication data using the asthma kiosk generates a more com-
plete list of medications including relevant details such as
route, form, and dose than does routine documentation of
clinical providers. This finding leads to an important question
for data system redesign: Should the ideal data discovery and
documentation process begin with a patient-created template
subject to review and annotation by health care personnel?
This “in-series” approach to data gathering would promote
the best “up front” capture of data for completeness and
preserves the important audit function that a trained
health care provider can contribute to the data validation
process.'’

The ED record functions as an important template of informa-
tion for subsequent inpatient or outpatient care. Information
on medications as documented by physicians and nurses
demonstrates significant amounts of missing as well as inac-
curate data. Missing data are not restricted to medications
with little consequence to the management of asthma—be-
tween 30% and 40% of controller medications were not docu-
mented in the ED chart. If the template is assumed correct and
complete when in fact it is flawed, the gaps in data quality
may lead to incorrect decisions and medication errors by
the health personnel who subsequently treat the patient. If
the initial template is assumed to be flawed and “not trust-
worthy,” multiple health personnel may re-ask medication-
specific questions, increasing the time and effort costs for
both data discovery and the validation of acquired data.
The consequences of uncertainty regarding the validity of
previously acquired data and the repercussions for clinicians’
assumptions regarding data as “true” or “false” deserve scru-
tiny. Our work represents a first step in evaluating the charac-
teristics of critical data provided by patients, physicians, and
nurses (hereafter called clinical stakeholders) in the iterative
exchange of medical information. This essential measurement
of “who provides what data best” will assist the implemen-
tation of medication reconciliation strategies mandated by
the Joint Commission on Accreditation of Health Care
Organizations (JCAHO). A JCAHO National Patient Safety
Goal for 2006 requires hospitals to institute a robust process

Table 2 m Validity of Parents as Source of Asthma-Specific Medication Data*

Level of Detail Number Valid, No. (%, 95 CI)

Number inaccurate, No. (%, 95 CI)

Number missing, No. (%, 95 CI)

Medication name 92 (81, 72-87)
Route of delivery 90 (79, 70-86)
Form 75 (66, 56-74)
Dose 68 (60, 50-69)

15 (13, 8-21) 7 (6, 2-12)
17 (15, 9-23) 7 (6, 2-12)
30 (26, 18-35) 9 (8, 4-14)
35 (31, 22-40) 11 (10, 5-17)

CI = confidence interval.

*Analyzed as level of individual medications, total N = 114 for each attribute.
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Figure 4. Validity of medication report by type of reporter
and level of detail. Error bars represent 95% confidence
intervals.

for reconciling medications across the entire continuum of
hospital care, from intake through discharge.11

Our investigation reinforces the interdependence of patients
and health care providers in pursuit of goals related to med-
ication safety.'”> We have demonstrated that one single health
data reporter cannot be relied on to provide complete and
accurate data in the ED setting and that the knowledge cap-
tured from parents via the computer can improve documen-
tation of data on medications for name, route, form, and
dose of medications. Such granular capture of information
is important, especially for diseases such as asthma in which
the effectiveness of treatment relies in part on how a medica-
tion is given and what form of a medication is used. If a nurse
or physician documents that a child takes fluticasone propio-
nate (Flovent) for asthma but provides no other details, the
resulting “gap” in data leaves unanswered questions that af-
fect important clinical decisions. If the child’s chronic symp-
toms are poorly controlled, should a higher concentration of
Flovent be used? Similarly, if symptoms are not well con-
trolled, is the frequency of use appropriate? If the route of de-
livery for Flovent is a metered dose inhaler, is the child using
a spacer device to deliver the drug most effectively? Parents
who used the asthma kiosk successfully bridged this gap in
data quality by providing improved documentation of med-
ications across route, form, and dose.

Electronic strategies to support patient safety such as comput-
erized provider order entry (CPOE) require, in part, an accu-
rate and complete report of current medications to allow
assessment of risks posed by new medication orders and risks
inherent in existing drug regimens. Knowledge regarding re-
cently completed drug regimens is also critical to efforts to en-
sure safe and correct prescribing. Our investigation suggests
that current ED triage nurse documentation would not be suf-
ficient to populate this critical database at the front end of
emergency care. We have shown that parents can participate
in this front-end information capture, providing a data stream
that could be incorporated into a knowledge repository that
supports safe delivery of medications. Previous reports of pa-
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tient-driven electronic solutions to data capture have largely
focused on report of symptoms and health risk factors.'>"”
To our knowledge, this report on the validity of parents” elec-
tronic documentation of data for the critical domain of med-
ications represents the first evidence for patients as an
integral part an informatics-based solution to medication
safety.

The process of creating medication lists for use during ED
care should not rely solely on patient report. Existing records
within the institution or from external sources such as health
plans or pharmacy networks can supply additional informa-
tion about a patient’'s medication regimen before the ED
visit."® The accuracy and completeness of these data collected
across multiple external sources have not been comprehen-
sively evaluated to date. One study of adult patients who re-
viewed a paper printout of existing medication data from an
institutional electronic record noted that patients provided
new information to the existing record in 15 of 80 (19%)
cases.'” Best practice in electronic collaborative information
management for medication data should incorporate existing
data, facilitate review and editing by the patient, and permit
the patient’s provider to have input in creating the “current”
and most valid record.

The evidence from this investigation is limited by several im-
portant factors. The size of the recruited cohort is small and
does not allow formal analysis of predictors of invalid data
entry. As a single institution study, the results reflect the
practice patterns of a specific group of ED physicians and
nurses and institution-specific methods of documentation.
Not all parents completed the follow-up interview to establish
the gold standard, and it is possible that parents who did
not complete follow-up may differ in important aspects.
However, based on the demographic data available, no clear
differences between the original study cohort and those who
completed follow-up are apparent. The GSI considers the par-
ents’ physical possession of a medication at home to repre-
sent a current medication at the time of the ED visit. As
such, we may not detect a medication that was current at the
time of the ED visit but (1) was prescribed for a short duration
of three to five days or (2) was replaced by a new prescription
with the previous medication discarded. Our evaluation of
physicians and nurses was based on documentation, not on
audiotaped interviews of their interactions with parents. As
such, physicians or nurses may have collected information
but simply not have recorded it. Other institutions that use
electronic charting vehicles wherein a physician or nurse re-
ceives prompts from the system to collect all levels of medica-
tion detail may achieve higher levels of validity than we
present in this work. Finally, we cannot address the impact
of the order of interviews conducted between nurse-parent,
doctor-parent, and parent-computer. Workflow constraints
in the ED and human subject concerns did not allow random-
ization of when the triage nurse and/or the treating physician
conducted their interviews with the parent-child dyad.

This report on the validity of parents” electronic provision of
medication data cannot address critical issues that will influ-
ence generalizability and technology adoption. These include
but are not limited to (1) operational updates and mainte-
nance of the kiosks themselves, (2) review and updates to en-
sure that medication content displayed to parents reflects
currently available formulations, and (3) how variation in
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work flow across care settings will affect the presentation of
patient-produced data for providers’ review and use during
clinical care.

Conclusion

We present preliminary evidence of the validity of parents” in-
dependent report of detailed medication data. This patient-
derived data stream improved on nurses’ and physicians’
documentation in an ED setting. Patient safety in emergency
medicine requires careful evaluation of current practices re-
garding documentation of medication history and the recog-
nition of how all clinical stakeholders can contribute to
improved capture and communication of these critical data.
Our investigation establishes how a patient-centered technol-
ogy, the asthma kiosk, may address gaps in data quality. Our
work demonstrates that patients can truly be coproducers of
quality and assist in improving the delivery of safe and effec-
tive care.””
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