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Abstract

Background/Objectives—We assessed the impact of an electronic health record-based
transitional care intervention involving automated alerts to primary care providers and staff when
older patients were discharged from the hospital.

Design—Randomized controlled trial.
Setting—A large multispecialty group practice.
Participants—Patients aged 65 or older discharged from hospital to home.

Intervention—In addition to notifying primary care providers about the patient's recent
discharge, the system provided information about new drugs added during the inpatient stay,
warnings about drug-drug interactions, and recommendations for dose changes and laboratory
monitoring of high-risk medications, as well as alerts to the primary care provider's support staff
to schedule a post-hospitalization office visit.

Measurements—An outpatient office visit with a primary care provider following discharge
and rehospitalization within 30 days following discharge.
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Results—Of the 1870 discharges in the intervention group, 27.7% had an office visit with a
primary care provider within 7 days of discharge. Of the 1,791 discharges in the control group,
28.3% had an office visit with a primary care provider within 7 days of discharge. In the
intervention group, 18.8% experienced a rehospitalization within the 30-day period post-discharge
compared with 19.9% in the control group. The hazard ratio for an office visit with a primary care
physician did not significantly differ between the intervention and control groups. The hazard ratio
for rehospitalization in the 30-day period following hospital discharge in the intervention versus
the control group was 0.94 (95% confidence interval: 0.81, 1.1).

Conclusion—We did not demonstrate a significant effect of this electronic health record-based
intervention in increasing the timeliness of office visits to primary care providers following
hospitalization, or reducing risk of rehospitalization.
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Introduction

It is well established that the transition between the inpatient and outpatient setting is a
period of high risk for older patients.3# Nearly one fifth of older patients suffers an adverse
event within 3 weeks of hospital discharge.5 Medication prescribing and monitoring errors
are particularly common during the high-risk post-hospital discharge period.8:7 Hospital
readmissions among older adults are also costly and an important opportunity to reduce
Medicare spending. Under the Affordable Care Act, the Centers for Medicare and Medicaid
Services has implemented financial penalties for hospitals with 30-day readmission rates
that are considered excessive.l: 2

It has been suggested that optimal post-hospital transitions may hinge on scheduled follow-
up with the primary care physician following hospital discharge.8? In a large study of
patients in the Medicare fee-for-service program, of the nearly one in five rehospitalized
within 30 days, over half had not been seen in follow-up in the outpatient setting prior to
readmission.10 Starting in 2013, two new Current Procedural Terminology (CPT) codes
became available to support “Transitional Care Management Services” and some health
plans have begun to provide financial incentives to medical groups that achieve specified
benchmarks relating to timely post-discharge follow-up office visits for older patients.

Several approaches for improving transitions of older adults from the hospital to the
outpatient setting have been developed, but most require substantial and ongoing
commitments of resources and personnel.11: 12 With the widespread adoption of electronic
health records (EHR) by medical group practices, there may be new opportunities to
automate processes that improve the quality and safety of care for patients discharged from
hospitals. We conducted a randomized controlled trial of an EHR-based transitional care
intervention for older adults discharged from hospital to home to assess the impact on
having an outpatient visit with a primary care provider after discharge and being
rehospitalized within 30 days of discharge.
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Methods
Study Setting, Population, and Design

Our study was conducted in the setting of a large multispecialty group practice. The group
practice employs 265 physicians, including 66 primary care providers who care for adult
patients in the outpatient setting. Hospital care is delivered by hospitalists employed by the
medical group. The group practice has used an electronic health record (EHR) since 2006
(Epic Systems Corporation). The primary inpatient facility to which the group practice
admitted its patients used a different EHR; however, the EHR utilized by the group practice
captured selected clinical data from the inpatient setting.

The group provides care to approximately 24,000 senior plan members of an associated
health plan, with which the group shares financial risk. The study population was derived
from this population of patients. We studied patients discharged from the primary hospital
used by the group practice from August 26, 2010 to August 25, 2011. Eligibility criteria for
inclusion in the study were: (1) patient age 65 years or older at the time of discharge; (2)
discharged from the primary inpatient facility serving the medical group for a non-
psychiatric condition; (3) no plans to enroll in hospice upon discharge; and (4) discharged to
the community (not a skilled nursing facility, rehabilitation facility, or long-term care
setting). Hospitalizations that included a surgical procedure were included, as were
hospitalizations with observation status.13 Patients were randomized to having the EHR-
based transitional care intervention (see below) or to the usual approach to follow-up care at
the time of hospital discharge. The same individual could be included multiple times in the
study if more than one hospital discharge was experienced by that person over the study
period.

On a daily basis, a computer program identified each hospital discharge of a patient who
was age 65 or older, enrolled in the health plan, and under the care of the medical group.
The program used a random number generator to assign each discharge to the intervention
or control group. The EHR-based transitional care intervention was applied to all hospital
discharges in the intervention group. At the time of randomization, the automated system
could not identify whether the patient had been discharged to home. Therefore, post-
randomization, all discharges were manually reviewed by reviewers who were blinded to the
intervention status assigned by the automated system to confirm eligibility for the study. The
EHR-based transitional care intervention was not operational between September 25, 2010
and October 23, 2010 due to upgrades to the EHR.

There were 5,077 hospital discharges randomized (Figure 1). It was subsequently
determined that 91 had died during the hospitalization. In addition, it was determined that
1,302 were discharged to a nursing home, skilled nursing facility, an inpatient rehabilitation
facility, or transferred to another acute care hospital. For 23 patients, discharge status could
not be definitively determined. This left 3,661 study discharges: 1870 in the intervention
group and 1791 in the control group.

The institutional review board of the University of Massachusetts Medical School and the
institutional review board of the multispecialty medical group and the health plan approved
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this study. The approval did provide a waiver of consent. The study was registered with
ClinicalTrials.gov (NCT00611091).

Characteristics of Study Subjects

We characterized discharged patients according to age at the time of discharge, gender,
length of stay, whether a surgical procedure was performed during the hospitalization, home
health services during the week following hospitalization, hospitalizations during the prior
year, office visits during the prior year, number of different providers seen during the prior
year in the outpatient setting, number of prescriptions filled during the prior year for
different medications based on National Drug Codes (NDC), number of lab tests ordered
during the prior year, Charlson comorbidity index,* and selected medical conditions
(diabetes mellitus, myocardial infarction, heart failure, chronic lung disease, cancer, stroke
and cerebrovascular disease, and renal disease) on the basis of diagnoses, using relevant
ICD-9 codes derived from health plan administrative data.

EHR-Based Transitional Care Intervention

The process of developing the EHR-based intervention has been described previously.® We
developed an automated system to facilitate the flow of information to the medical group's
primary care providers about patients who were discharged to home from the hospital. The
primary inpatient facility to which the medical group admitted its patients used a different
EHR than the medical group; however, an interface engine was linked to the hospital's
admission, discharge, transfer (ADT) registration system. The medical group provided the
names of its providers to the hospital and the hospital transmitted information including
admission and discharge dates for the medical group's patients. This information was
automatically incorporated into the medical group's EHR.

In addition to notifying providers about the patient's discharge, the system provided
information about new drugs at the time of hospital discharge, warnings about selected drug-
drug interactions and recommendations for consideration of dose changes and laboratory
monitoring of high-risk medications,16 as well as alerts to the provider's support staff to
schedule a post-hospitalization office visit within one week of discharge if not already
scheduled. Messages were delivered on day 3 following discharge from the hospital. The
reason for the delay was to allow information on newly filled prescriptions to come through
the system to develop alerts about the new medications. Information about medications
prescribed prior to the hospitalization was derived from the EHR and health plan data, while
information about new medications dispensed following hospital discharge was obtained
just from health plan data.

Messages to schedule an office visit with the primary care provider within one week were
sent to the primary care provider's support staff. These messages were not sent when
scheduling information within the EHR indicated that such a visit had already been
scheduled to avoid sending unnecessary alerts.

J Am Geriatr Soc. Author manuscript; available in PMC 2015 May 01.
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Outcome Measures

We determined whether discharged patients had an office visit with a primary care physician
in the 7-day, 14-day, and 30-day periods following hospital discharge. We also determined
whether a patient was rehospitalized within 30 days. We ascertained information related to
office visits and hospitalizations from the medical group's EHR and from health plan data,
which allowed for determination of whether a rehospitalization had occurred at any hospital,
and not just the primary hospital that served patients cared for by the medical group.
Analysts determined these outcomes at least 6 months after completion of the study and
were blinded to intervention status.

Statistical Analysis

We originally estimated that 5000 hospital discharges would be enrolled which we achieved,;
however, ultimately 3,661 study discharges were analyzed following eligibility assessment
(Figure 1): 1870 in the intervention group and 1791 in the control group. We estimate that a
sample of 3600 hospital discharges approximately evenly split between the intervention and
control groups provides 80% power to detect a hazard ratio of 0.81 for time to
rehospitalization in the intervention group as compared with the control group. This estimate
assumes a 30-day rehospitalization rate of 20%.10

For direct comparisons of baseline characteristics between those randomized to the
intervention and control groups, we used Fischer exact tests for categorical variables and t-
tests for continuous variables. Reported p-values are 2-sided. Analyses of outcomes included
comparisons of the intervention and control discharges with regard to having an office visit
with a primary care physician in the 7, 14, and 30-day post-discharge periods, and
rehospitalization within 30 days. These analyses included data for hospital discharges of
patients who were discharged to the community (not to a skilled nursing facility,
rehabilitation facility, or long-term care setting), as depicted in Figure 1. For the office visit
outcomes, estimates included the proportion of patients receiving office visits within the
three time frames among the intervention and control groups. Time to occurrence of an
office with a primary care physician was estimated with the use of Kaplan-Meier methods
and survival curves. For comparisons between the two groups, we excluded days 0-2 post-
discharge which preceded the delivery of the alerts, and we used Cox proportional hazards
models to calculate hazard ratios to take into account varying amounts of “opportunity time”
for office visits due to rehospitalization or death. To accommodate repeated measures for
patients with multiple discharges during the study, we used a frailty model to estimate 95%
confidence intervals. The proportional hazard assumptions were checked by inclusion of the
cross-product of log (follow-up time) by exposure group.

Analyses relating to the rehospitalization outcome were similar to those for the office visit
outcomes. We prepared estimates of the overall proportion of discharges followed by
rehospitalization separately for the intervention and control groups. We prepared survival
curves for rehospitalization in the 30-day follow-up period and used Cox proportional
hazards models to calculate the hazard ratio comparing the intervention and control groups.
As with the office visit outcomes, we used frailty models to estimate 95% confidence
intervals and checked the proportional hazard assumption.
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SAS software version 9.2 and Stata/IC version 12 for Unix were used for statistical analyses.

There were 3,661 hospital discharges included in the intervention and control groups that
were experienced by 2,645 unique patients (range 1-12). Of these 2,645 patients, 627
(23.7%) contributed >1 discharge.

Baseline demographic and clinical characteristics were similar across the intervention and
control groups of hospital discharges (Table 1). There were no differences between the two
groups in age at the time of hospital discharge, gender, length of stay, a surgical procedure
having been performed during the hospitalization, or use of home health services in the
week following discharge. In addition, the number of hospitalizations, office visits to any
outpatient provider, different health care providers seen, number of prescriptions filled,
number of outpatient lab tests performed, and Charlson comorbidity index scores were
similar for discharged patients in the intervention and control groups. The percentages with
a history of diabetes mellitus, heart failure, chronic lung disease, cancer, stroke/
cerebrovascular disease, and renal disease were also similar between the two groups.

Of the 1,870 hospital discharges in the intervention group, 518 (27.7%) had an office visit
with a primary care provider within 7 days of discharge, 990 (52.9%) had an office visit
within 14 days of discharge, and 1,283 (68.6%) had an office visit within 30 days of
discharge. Of the 1,791 hospital discharges in the control group, 507 (28.3%) had an office
visit with a primary care provider within 7 days of discharge, 940 (52.5%) had an office visit
within 14 days of discharge, and 1,233 (68.8%) had an office visit within 30 days of
discharge. Figure 2 displays the Kaplan-Meier estimates of time to an office visit with a
primary care physician. The hazard ratio for an office visit with a primary care physician in
the 7-day period following hospital discharge (excluding the first 2 days post-discharge
which preceded the intervention) was 0.95 (95% confidence interval: 0.83, 1.1) for the
intervention group as compared with the control group. For the 14-day period following
hospital discharge, the hazard ratio was 0.98 (95% confidence interval: 0.89, 1.1), and for
the 30-day period, it was 0.99 (95% confidence interval: 0.91, 1.1).

Of the 1,870 hospital discharges in the intervention group, 351 (18.8%) experienced a
rehospitalization within the 30-day period post-discharge; of the 1,791 hospital discharges in
the control group, 356 (19.9%) experienced a rehospitalization in that 30-day period. Figure
3 displays the Kaplan-Meier estimates of time to rehospitalization. The hazard ratio for
rehospitalization in the 30-day period following hospital discharge (excluding the first 2
days post-discharge which preceded the intervention) was 0.94 (95% confidence interval:
0.81, 1.1) for the intervention versus the control group.

Discussion

In our study of an EHR-based transitional care intervention in older patients discharged from
hospital to home, we were not able to demonstrate either an increase in follow-up visits with
a primary care physician or a reduction in the risk of rehospitalization. Despite a large
number of randomized hospital discharges and high 30-day rehospitalization rates among
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both the intervention and the control groups, our study was not powered to detect a very
modest reduction in the risk of rehospitalization relating to the intervention, as observed in
our study. In addition, we did not find a difference in office visits with a primary care
physician between the two groups, which had been hypothesized as the component of the
intervention most essential to its success. There are several plausible explanations for why
our intervention was not successful, but one possibility is that other competing efforts at
reducing rehospitalizations were ongoing within the hospital and/or within various
components of the multispecialty group practice. While nascent efforts focused on reducing
rehospitalizations may have existed during the period of our study, to our knowledge, there
were no systematic, hospital or practice-wide competing interventions. The high rates of
rehospitalization observed in our study also serve to reduce the likelihood of this possibility.

The importance of hospital readmissions among older patients as a target for improving
quality of care and reducing healthcare costs has been widely recognized, yet the optimal
approach to addressing this challenge remains uncertain.12 Over a decade ago, Coleman
proposed key elements of effective transitions between clinical settings.3 These include:
communication between sending and receiving clinicians; reconciliation of the patient's
medication regimen; a follow-up plan for how outstanding tests and follow-up appointments
will be completed; preparation of the patient and caregiver for what to expect at the next site
of care; and a discussion with the patient and caregiver regarding warning symptoms and
signs to monitor. The intervention tested in the present study touched on some, but certainly
not all of these elements. Of particular importance, the intervention did not engage the
patient or caregiver. Family caregivers have been characterized as “de facto care
coordinators” helping to ensure quality, safety, and adherence to patient preferences.®
Hansen and colleagues have written that “engaging the patient in the discharge process and
transforming the process into an activity done with a patient rather than to a patient” may
hold the greatest promise for reducing rehospitalization rates.1?

The success of our EHR-based intervention required a very high level of responsibility and
accountability on the part the primary care provider and staff. Providers and staff had to
open alerts, then follow-up on information and recommendations provided. This might
necessitate ascertaining additional information about the hospitalization that had not been
incorporated into the alerts, reviewing discharge summaries, test results, and additional
details about newly prescribed medications, scheduling visits with other providers, and
determining whether home health services had been provided or were needed. It is
commonly assumed that the primary care provider will automatically accept ultimate
responsibility for care coordination relating to transitions from the hospital to the outpatient
setting. Coleman and Williams have emphasized that “at the center of this problem lies a
lack of understanding of where the responsibility of the hospital ends and the outpatient
physician assuming care begins.”?

The alerts sent to providers and staff competed for their attention with other messages in
their EHR in-boxes. It is well established that excessive numbers of alerts produced by
clinical decision support systems may cause healthcare providers to suffer “alert fatigue”
and pay less attention to or even ignore alerts, limiting the effectiveness of EHR-based
interventions.1”: 18 This effect may be further exacerbated when alerts display
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inappropriately, leading to reduced user response and inattention.1® Although the system
tested in the present study avoided sending alerts when follow-up visits with the primary
care physician had already been scheduled, alerts may have been sent when patients were
not discharged to home (e.qg., to skilled nursing facilities), and did not require a follow-up
visit with the primary care physician. The system was unable to accurately identify these
types of discharges prior to the alerts being sent. Similarly, some patients also had follow-up
visits scheduled with specialists such as oncologists, cardiologists, or pulmonologists. Under
this circumstance a follow-up visit with the primary care physician may be considered
redundant and unnecessary.

Over half of Medicare patients readmitted to the hospital within 30 days have no outpatient
contact with a physician.1% We developed our intervention hypothesizing that timely post-
discharge follow-up with a primary care physician would have a powerful protective effect
against rehospitalization. However, the value of a post-discharge follow-up visit remains
uncertain. Targeting the highest risk patients for prompt follow-up with an outpatient
provider may be the most important consideration to enhance the value of such visits. Some
have argued for “a tiered approach whereby patients are assigned a hospital readmission
[risk] score at the time of discharge that then determines the timing of their follow-up
appointment.”® 20 This approach might also limit the adverse impact of automatic and
universal follow-up visits for all discharged patients resulting in overfilled schedules for
primary care providers, thus limiting access for other patients.

The results of our efforts, while disappointing in many respects, provide some valuable
insights that may inform the design and testing of future interventions. Our intervention,
while technologically complex, was relatively simplistic in its execution, and targeted
primary care providers and their staff exclusively. Most EHRs now incorporate patient
portals providing the opportunity to directly engage patients and caregivers. Although
evidence is limited as to the potential of patient portals to empower patients and improve
quality of care,?! there is increasing enthusiasm relating to this approach for involving
patients more fully in their care.22

We feel that the EHR with clinical decision support is an important tool that can be
employed to deliver multifaceted interventions to improve care transitions and reduce risk of
rehospitalization in older patients. However, improved identification of which patients are at
greatest risk for rehospitalization, a more sophisticated understanding of the value of a
follow-up visit and its timing with a primary care provider, and enhanced engagement of
patients and caregivers will be essential to the design and testing of future EHR-based
transitional care interventions.
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Figure 2.
Kaplan-Meier estimates of time to an office visit with a primary care physician.

J Am Geriatr Soc. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Gurwitz et al. Page 13

0.10 0.15 0.20 0.25

Probability of Rehospitalization

0.05

0.00

0 b 10 16 20 25 30
Time (Days)

Intervention @ ====- Control

Figure 3.
Kaplan-Meier estimates of time to rehospitalization.
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