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The prevalence of asthma in children younger than 18 years
of age was estimated to be 9.6% between 2001 and 2009,1

making it the most common chronic disease of childhood. With
approximately 456,000 children hospitalized with asthma in
2007, this condition was the third leading cause of pediatric hos-
pitalization in the United States.2 The financial and emotional
burdens of asthma hospitalizations are substantial, and efforts to
standardize treatment and minimize readmissions are crucial to-
ward establishing a more efficient model of care for children.

To that end, the National Asthma Education and Prevention
Program (NAEPP), commissioned by the National Institutes of
Health and the National Heart, Lung, and Blood Institute
(NHLBI), put forth its latest iteration of evidence-based asthma
care guidelines, which emphasized key components of asthma
care,3 in 2007. This guideline included the recommendation to
provide a home management plan of care (HMPC; also called
asthma action plan) for all children hospitalized with asthma. The
Joint Commission, in an effort to promote higher quality of
asthma care for hospitalized children, approved in 2007 its first
pediatric core performance measure (now National Hospital In-
patient Quality Measure) set, with three metrics focusing on in-
patient asthma care.7,8 Two of these quality measures mandate
that all pediatric patients admitted with a primary diagnosis of
asthma receive systemic steroids and short-acting bronchodila-
tors,4 which address basic components of the NHLBI inpatient
asthma guidelines. Discharge of such patients with an HMPC,
as reflected in the remaining quality measure,4 along with asthma
education, has been shown to improve such outcomes as emer-
gency room visits and hospital readmissions for children with
asthma.3 Other studies show that written asthma action plans
can decrease the number of acute asthma events, nocturnal
awakenings, and missed school days, while improving symp-
toms.5,6

Whereas the first two components of the Children’s Asthma
Care (CAC) performance measure set (systemic steroids and
short-acting bronchodilators) were widely and quickly incorpo-
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Background: Asthma exacerbation is one of the most
common causes for pediatric hospitalization. One of the
three Joint Commission quality measures—which has
proven the most challenging—addresses the provision of a
home management plan of care (HMPC) for discharge of
pediatric inpatients with a primary diagnosis of asthma. A
user-friendly electronic medical record (EMR)–generated
HMPC was developed and implemented at Lucile Packard
Children’s Hospital (LPCH) Palo Alto, California, an
HPMC needed to be completed before entry of an inpatient
discharge order. 
Methods: A cohort study using historical controls was con-
ducted in 2010–2011. Patients were eligible to receive an
HMPC if they were between the ages of 2 and 17 years old
at discharge, had a length of stay < 120 days, were not en-
rolled in clinical trials, and had the primary discharge diag-
nosis of asthma. These patients were identified by the EMR
if this diagnosis was listed in the diagnosis list or problem
list or if the asthma admit/discharge order set was initiated. 
Results: Compliance with the HMPC increased from
65.3% for the 39 months (April 1, 2007–June 30, 2010) be-
fore integration of the HMPC into EMR to 93.7% for the 18
months after integration (July 1, 2010, through December
31, 2011); p < .0001. Users of the EMR–integrated HMPC
found it to be significantly easier to complete, less time-
consuming, and less prone to potential errors or omission.
Conclusion: Lessons learned at LPCH included the need
for a continuous surveillance and improvement model, which
resulted in several iterations of the HMPC; the importance
of soliciting user input, which resulted in improvements in
work flow; and consistent support from the quality manage-
ment and information technology departments, which are
crucial to eliminating barriers and facilitating improvement. 
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rated into inpatient pediatric asthma care, compliance with pro-
viding the HMPC on discharge has proven more difficult both
locally and throughout the United States. Reasons for the diffi-
culty in compliance include a lack of integration into the physi-
cian work flow, a lack of time to construct the plan, difficulty
incorporating the document into the patient chart, and a lack of
sustainability of well-intentioned provider behavior modifica-
tion interventions. These challenges were further exacerbated by
the “all or nothing” definition of compliance, in which all five
components of the HMPC must be present to achieve full com-
pliance. As a result, as of July 2011, the then-most recent na-
tional and California state HMPC compliance rates each
averaged 71%, substantially below the recently set Joint Com-
mission target of 85%.9

After multiple interventions since 2007 yielded suboptimal
results at Lucile Packard Children’s Hospital (LPCH), beginning
in 2010 we focused on leveraging our comprehensive electronic
medical record (EMR) to increase HMPC compliance. Effective
use of an EMR has been shown to improve challenging processes
such as handoffs,10 evidence-based guideline implementation,11

chart completion,12 and to improve emergency department effi-
ciency.13 Implementation of an asthma decision-making tool
within the medical chart has been shown to increase documen-
tation of asthma severity and use of inhaled corticosteroids,14,15

and preliminary data suggested that increased HMPC compli-
ance could be achieved with integration into the EMR.16,17 On
the basis of these findings, we built a user-friendly EMR–gener-
ated HMPC at LPCH and required its completion before entry
of an inpatient discharge order. Our institution had extensively
used the EMR with great success for other quality improvement
purposes.10,11,18

This article describes the details of this intervention, includ-
ing the construction of the EMR-based HMPC, the reliable in-
tegration of the HMPC into the physician work flow, and the
outcomes to date associated with its implementation.

Methods
SETTING

LPCH is a 303-bed quaternary care women’s and children’s hos-
pital (Palo Alto, California) affiliated with Stanford University;
the main campus houses 225 nonobstetric beds. A satellite site,
Packard at El Camino Hospital (PEC), is a 30-bed unit located
in a community hospital in Mountain View, California, staffed
by the LPCH general pediatric hospitalists  Both the main 
campus and PEC treat and discharge children with asthma who
meet the criteria for inclusion in the Joint Commission quality
mea sure.  

STUDY DESIGN

To determine the effect on compliance of integrating an
HMPC into the EMR, from July 2010 through December 2011
we conducted a cohort study using historical controls at LPCH.
For the care provider satisfaction survey, we used a simple pre-
and postimplementation study design administered to eligible
care providers at LPCH.  

HOME MANAGEMENT PLAN OF CARE COMPLIANCE

As defined by The Joint Commission, HPMC compliance
entails documentation that pediatric asthma inpatients or their
caregivers were given an HMPC document that addresses all of
the following five components4: 

1. Appointment for follow-up care*
2. Environmental control and control of other triggers
3. Method and timing of rescue actions
4. Use of controllers
5. Use of relievers 
However, we required an additional two elements at LPCH,

as follows, to help ensure appropriate provision of documenta-
tion:

6. Completed document given to the patient/caregiver
7. Completed document present in medical record

PARTICIPANTS

For this study, patients were eligible to receive an HMPC if
they were discharged from LPCH from April 1, 2007, through
June 30, 2010 (pre-EMR–based HMPC), and from July 1,
2010, through December 31, 2011 (post-EMR–based HMPC);
were between the ages of 2 and 17 years old at discharge; had a
length of stay < 120 days; were not enrolled in clinical trials; and
had the primary discharge diagnosis of asthma. These patients
were identified by the EMR in one of the following three ways
on entering a discharge order:

1. If the diagnosis of “asthma” was listed in the diagnosis list
2. If the diagnosis of “asthma” was listed in the problem list
3. If the asthma admit/discharge order set was initiated

ABSENCE OF A HOME MANAGEMENT PLAN OF CARE

In each of these scenarios, if no HMPC form is initiated on
the current encounter, the system generates a pop-up message
stating, “An Asthma Home Management Plan of Care has not
been documented by a provider. Would you like to enter new
data now?” This message also provides a link to the electronic
HMPC form. These methods captured all our asthma dis-

* Component 1 is worded differently in the quality measure: “Arrangements for fol-

low-up care.”
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charges, as confirmed by the asthma compliance officer using
independent audits of all LPCH discharges to ensure that all
Joint Commission quality measure–eligible patients were iden-
tified. 

HEALTH CARE PROVIDERS

All health care providers at LPCH during the survey time
frames of May 1, 2009, through June 30, 2009 (representing the
pre-EMR intervention experience), and May 1, 2011, through
December 31, 2011 (representing the post-EMR intervention
experience), with the responsibility to provide a complete
HMPC at discharge were eligible for the survey. These health
care providers included pediatric residents, pediatric pulmonary
and critical care medicine fellows, and faculty (including pedi-
atric hospitalists, intensivists, pulmonologists, and allergists).
Most asthma patients at LPCH are cared for by the general pe-
diatric hospitalists, pulmonologists, and intensivists, as well as
the pediatric residents. The small percentage of asthma patients
at LPCH who are cared for by community pediatricians are al-
ways comanaged by Stanford pediatric residents.

SURVEY

A 16-item survey included multiple-choice and free-response
questions about changes in the tool and process for HMPC cre-
ation (survey available from the authors by e-mail request). The
survey, developed by the three of the authors [S.J.P., A.L.,
J.D.M.], was administered via an anonymous Web-based ques-
tionnaire. It was sent to all eligible LPCH medical staff to assess
attitudes regarding pre- and post-EMR–based HMPC and
process.

ELECTRONIC MEDICAL RECORD

LPCH uses a vendor-based EMR system. The EMR was
rolled out in stages, starting with computerized provider order
entry and electronic notes at the main hospital in fall 2007, fol-
lowed by PEC in summer 2009, and culminating in electronic
physician notes at both sites during summer 2010.  The HMPC
was integrated into the EMR in July 2010 as an English-lan-
guage electronic form that could be printed in either English or
Spanish.  

DATA COLLECTION PERIODS

HMPC Compliance. Compliance regarding the HMPC was
tracked between April 1, 2007, and June 30, 2010 (pre-EMR
intervention) and from July 1, 2010, through December 31,
2011 (post-EMR intervention).  

Survey. The survey was administered pre-EMR intervention

between May 1, 2009, and June 30, 2009, while the survey ad-
ministration post-EMR intervention occurred between May 1,
2011, and June 30, 2011.

INTERVENTION

The pre-EMR time frame contained two separate approaches
to the HMPC, as described below.  

Paper Form. Between March 9, 2007, and August 30, 2009,
the HMPC consisted of a triplicate paper form, which was filled
out by hand. This form, patterned after commonly used HMPC
models,3 incorporated all components required by The Joint
Commission for full compliance. On completion of this form,
the patient was provided a copy, and the form was scanned into
the patient’s EMR.

Web-Based Form. In the second approach, used between Sep-
tember 1, 2009, and July 18, 2010, the paper-based HMPC was
translated into a Web-based form with drop-down menus and
made available on the hospital intranet. This form was filled out
on the Web, printed in multiple copies (for the family and the
chart), and scanned into the patient’s EMR. The physician was
required to to handwrite the document in the follow-up appoint-
ment information and sign when completed.

Post-Electronic Medical Record Time Frame
The post-EMR time frame began on July 19, 2010, when the
HMPC was fully integrated into the EMR as a form that re-
quired all essential fields to be completed before saving the form.
On December 14, 2010, an EMR–based notification began to
alert prescribers at discharge for all patients with the primary di-
agnosis of asthma to further ensure completion of the HMPC;
in addition, the HMPC had to be completed for the discharge
order to be entered. This EMR–based version of the HMPC,
available in English and Spanish, incorporated suggestions from
the pre-EMR intervention user survey (Table 1, page 362) such
as prepopulated fields for commonly used medications and dos-
ing as well as a drop-down list of names and phone numbers of
local pediatric practices. Follow-up physician name and contact
information was available for the provider completing the form
to view on a “Patient Information” screen with information col-
lected and entered at admission registration. This information
is confirmed before discharge by the physician referral liaison, a
service that coordinates communication between referring physi-
cians and medical groups, including updating of unknown or
incorrect registration data.  

This document was generated from the patient’s EMR and
therefore automatically became a permanent part of the record
of care, with all finalized versions viewable by any provider in
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any affiliated location at any time. Further EMR–based supports
required providers to document review of the HMPC and dis-
tribution of it to the caretaker.  

EDUCATION

Education on the use of this new EMR-based HMPC was
tied to the simultaneous rollout of physician documentation in
the LPCH EMR (a one-hour hands-on computer lab session)
and was required of all providers. Refresher education occurred
in the forms of screen savers, resident conferences, and division
meetings. Since March 2007, compliance was tracked by
provider, with each noncompliant provider being contacted by
physician leadership to remind him or her of the LPCH and
Joint Commission expectations for HMPC completion.

OUTCOMES MEASURES

Compliance. The primary outcome for this study was per-
centage of eligible patients with a fully compliant HMPC. Be-
ginning with April 1, 2007, discharges, compliance with the
HMPC was measured quarterly, reviewed by multiple oversight
committees, and integrated into the robust peer review process
in place at LPCH. Exceptions were identified manually during
the nonautomated process of quality reporting. Compliance was
defined dichotomously: If all seven components were completed,
this was considered a compliant HMPC; completion of fewer
than seven components resulted in a noncompliant score.  

Survey. The secondary outcomes in this study were generated
by the 16 elements in the provider satisfaction survey. Of partic-
ular interest, decided a priori, were perceptions on ease of
HMPC use, perceptions on time to complete the HMPC, and
estimates of time to complete the HMPC and explain it to the

family. Metrics associated with the survey were compared pre-
and post-EMR HMPC implementation.

DATA ANALYSIS

HMPC compliance rates for the pre-EMR intervention pe-
riod were compared with those of the post-EMR intervention
period by means of Fisher’s Exact Test of Proportions (two-
sided). The survey questions focusing on “ease of completion,”
“perceptions of how time-consuming it was to fill out,” and “per-
ception of errors resulting in necessary HMPC revision” had or-
dinal responses. The median response for the pre-EMR
intervention period was compared with that of the post-EMR in-
tervention period by means of the Wilcoxon Rank-Sum Test
(two-sided).The survey questions for “the estimated number of
minutes to complete the HMPC” and “the estimated time to ex-
plain the HMPC to the family” had numeric responses with the
option to respond with time ranges (for example, 0–10 minutes;
11–20 minutes). If a range was provided as a response, the mid-
point of that range was used as a numeric response.  As a result,
we were not able to convert time estimates into average times.
The mean response for the pre-EMR intervention period was
compared with that of the post-EMR intervention period using
Student’s t-test (two-sided, unequal variance). All analysis was
performed using R Statistical Software version 2.10.0 (The R
Project for Statistical Computing, Berlin). Free-text data ele-
ments (“comments”) from the survey were not analyzed but
rather compiled and used for process improvements.

Results
COMPLIANCE

Compliance data for all eligible discharges were tracked monthly

Input from Users Actions Taken to Improve HMPC forms

“Emphasize triggers and prevention more.” Triggers placed at top of form

“Most frustrating part is getting the form in the patient’s chart.” EMR–generated form automatically stored in patient’s chart

“Don’t know how to write out instructions in Spanish.” Computer automatically generates translated instructions from radio button

choices.

“Easy to forget required items.” All required items mandatory to save form

“Pull-down menu for meds would save time.” Provided by the EMR–generated form

“Computerized system that is prepopulated but has  Provided by the form, including drop-down menus of commonly used

option for changing meds would be easier.” medications

“If it had patient’s info, PMD name, and phone number  EMR–generated form pulls forward key identifying information, as well

automatically prepopulated, it would save a lot of time.” as PMD name and phone number.

“Takes too long to write out.” Computerized form with radio buttons

“Takes too long to print extra copies.” Computer prints as many copies as needed instantly.

* EMR, electronic medical record; PMD, primary physician. 

Table 1.  Sample Input from Users of the Paper-Based and Web-Based 
Home Management Plan of Care (HMPC) Forms and Actions Taken*
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from April 1, 2007, through
December 31, 2011 (Figure
1, right). In the preinterven-
tion period (April 1,
2007–June 30, 2010), there
were 262 eligible asthma dis-
charges, of which 65.3% were
compliant with all seven com-
ponents. In the postinterven-
tion period (July 1, 2010–
December 31, 2011), there
were 171 eligible asthma dis-
charges, of which 93.7% were
compliant with all seven com-
ponents of the HMPC (p <
.0001; Table 2, page 364).  

PHYSICIAN SATISFACTION

The secondary outcomes
were physician satisfaction
with the HMPC and with the work flow associated with com-
pleting it properly. In the pre-EMR provider survey, a total of
100 physicians were surveyed during a four-week period, with 45
(45%) responses. In the post-EMR provider survey, a total of
154 physicians were surveyed for a four-week period, with 77
(50%) responses. There were statistically significant improve-
ments in ease of completion (p < .0001), perceptions of how
time-consuming it was to fill out (p < .0001), perception of er-
rors resulting in necessary HMPC revisions (p = .001), and the
estimated number of minutes to complete the HMPC (6.2 min-
utes in 2009 versus 4.8 minutes in 2011; p = 0.033). The differ-
ence in the estimated time to explain the HMPC to the family
was not statistically different (9.1 minutes in 2009 versus 8.7
minutes in 2011; p = .738), as would be expected given the in-
tervention addressed the process, not the content, of the HMPC.

Discussion
LPCH devoted substantial effort to improve compliance with
the three Joint Commission asthma quality measures from their
inception in 2007. As other hospitals have reported, the HMPC
proved to be the most challenging of the three measures. Les-
sons learned at LPCH included the need for a continuous sur-
veillance and improvement model, which resulted in several
iterations of the HMPC; the importance of soliciting user input,
which resulted in improvements in work flow; and the impor-
tance of consistent support from the quality management and

information technology (IT)departments, which are crucial to
eliminating barriers and facilitating improvement. After stabi-
lization of the EMR–integrated HMPC intervention, we ob-
served 12 continuous months of > 90% compliance with the
HMPC, levels of which were only sporadically attained at LPCH
previously. 

Four aspects, as follows, of the EMR–based HMPC were cru-
cial to increasing compliance LPCH:

1. We were able to force completion of all required fields by
not allowing the EMR–integrated HMPC form to be signed un-
less all required fields were completed.  

2. We created automated logic in the EMR–integrated
HMPC form that linked certain selections with additional pre-
populated fields. For example, when an asthma trigger was se-
lected, avoidance instructions relevant to that particular trigger
were automatically entered in the “avoidance instructions” sec-
tion of the HMPC form. 

3. Our EMR–integrated HMPC allowed us to autopopulate
several key fields, making omissions less likely. For example,
“Prevention Medication #1” is autopopulated with “No con-
trollers prescribed”; if the provider chooses a medication from
the drop–down list, conditional and required logic opens the
dosage and scheduling fields with predefined responses.

4. The EMR–integrated HMPC allowed us to establish the
forcing function tying the discharge order to the completion of
the HMPC for any eligible patient. On entering a discharge

Mean Compliance with All Seven Components of the Home 
Management Plan of Care (HMPC), Pre- and Postintegration into the

Electronic Medical Record, April 1, 2007–December 31, 2011

Figure 1. Compliance data for all eligible discharges were tracked monthly from April 1, 2007, through December 31,
2011. While only 171 (65.3%) of the 262 eligible asthma discharges were compliant with all seven components of the
HMPC during the intervention period, 119 (93.7%) of the 127 eligible asthma discharges in the postintervention pe-
riod were compliant.
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order for an eligible patient, the EMR determines if the HMPC
has been completed; if incomplete, a pop-up warning to docu-
ment an HMPC is shown.

One-hundred-percent HMPC compliance became increas-
ingly easy to achieve, although occasional noncompliance oc-
curred primarily from entering “Other” into the follow-up clinic
location field and then not properly completing the clinic name
and phone number requirement.  

In addition to improved compliance, we observed increased
physician satisfaction with the process used to generate an
HMPC. Several of these work-flow improvements were the di-
rect result of suggestions made by the users (Table 1). For exam-
ple, physicians commented that the original paper HMPC was
time-consuming to complete and that, even when completed,
was often illegible or inaccurate, thus requiring a rewriting of
the entire document. Several of these issues were addressed with
the next Web-based iteration of the HMPC, which featured
drop-down menus. In addition, use of prepopulated fields, a spe-
cific suggestion from users in the pre-survey, was incorporated
into the final iteration of the HMPC, in which the EMR was
used to automatically populate the provider’s name and phone
number, patient’s name and date of birth, and name of attend-
ing physician at the time of HMPC completion. Finally, physi-
cians suggested minimizing redundant actions in generating the
HMPC, a recommendation that was also incorporated into the
final EMR–based iteration of the HMPC. Minimizing redun-
dant data entry resulted in increased provider satisfaction, im-
proved work-flow efficiency, and ultimately substantially
improved HMPC compliance.

In addition to improved compliance and user satisfaction, our
EMR–integrated HMPC facilitates high-quality longitudinal
care, including an effective care transition between hospital-
based care to that of the ambulatory-based primary care physi-
cian and/or specialist, in the following three ways:

1. A consistent asthma education message to the patient from
all providers throughout the health care continuum reinforces
behaviors that effectively prevent or address exacerbations.

2. Affiliated users of the EMR can track what caretakers were
advised on discharge without relying on the multiple steps of
faxed or verbal communication alone.

3. Physicians can review HMPCs from prior hospitalizations
in order to gauge previously given asthma advice and make ad-
justments to the patient’s asthma plan in the step-wise approach
recommended by NAEPP guidelines.  

Replicating an Electronic Medical
Record–Integrated Home Management Plan
of Care Elsewhere 
The ability of other hospitals to successfully implement this type
of EMR–integrated HMPC solution is dependent, first, on their
requiring a comprehensive and universally adopted EMR to op-
timize the embedded decision support and field prepopulation.
Second, they would require access to appropriate IT resources
(time, coding) to develop and modify the EMR–integrated
HMPC template. Third, to achieve optimal results, they would
require ongoing monitoring of usage and compliance, with re-
sultant identification of gaps or loopholes to allow midcourse
corrections such as forcing functions and updating of physician
contact information. Indeed, at LPCH, the organizational as-
pects of our vendor-based EMR system that contributed to suc-
cess of this project included (1) utilization of the EMR by 100%
of the inpatient providers; (2) linkage of the HMPC to the dis-
charge order via the problem list, diagnosis list, or the activation
of the asthma order set; (3) embedding of forcing functions
within the EMR–integrated HMPC that required all fields to
be completed before saving the HMPC form; (4) prepopulation
of the HMPC with accurate patient and provider information
and commonly used asthma medications and step-up therapy;
(5) easy availability and automatic recording of the HMPC in
the patient’s EMR; and (6) ease of ability to print in other lan-
guages. Although we customized this work into our vendor-
based EMR, our experience should encourage vendors to
consider standardizing these successful features/tools into their
standard EMR product. It is reassuring to note that compared to
the only known report on evaluating the value of an EMR on
HMPC compliance,17 our study illustrates that increased HMPC
compliance can be accomplished on a commercial, as opposed to
a homegrown, EMR system.  

LIMITATIONS

There are multiple limitations to this study. First, the pre-
post intervention study design limits assigning causality of in-
creased HMPC compliance to the EMR solution. Unmeasured
or unrecognized interventions across LPCH may have con-

All Cases (p < .0001)

Cases % Compliant

Pre 262 65.3%

Post 171 93.7%

* Preintervention, April 1, 2007–June 30, 2010. Postintervention, July 1,

2010–December 31, 2011. 

Table 2. HMPC Compliance for 
Pre- and Postintervention Periods*



tributed to the improvement in compliance, although we are not
aware of any such interventions. Second, secular trends such as
improved patient/caretaker and provider awareness regarding
asthma education may have influenced compliance; The Joint
Commission’s asthma focus since 2007 has resulted in an in-
crease in compliance to the HMPC.19 Third, differences in
staff/provider groups pre- and postintervention such as familiar-
ity with HMPCs or preference for EMR–based forms may have
made the postintervention group more likely to comply. Finally,
this is one center’s experience, and therefore the results cannot
necessarily be generalized to other pediatric hospitals.  

Conclusion
Using the LPCH EMR for construction of the HMPC resulted
in a statistically significant and sustained increase in HMPC
compliance and an increase in provider satisfaction regarding
this process. 
The authors gratefully acknowledge the support and patience of the Lucile Packard

Children’s Hospital pediatric hospitalists, nursing staff, and patients.
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