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Abstract

Introduction—The purpose of this analysis was to evaluate the effects of an advanced practice
nurse-delivered telehealth intervention on health care utilization by children with medical
complexity (CMC). Because CMC account for a large share of health care utilization costs,
finding effective ways to care for them is an important challenge requiring exploration.

Method—This was a secondary analysis of data from a randomized clinical trial with a control
group and two intervention groups. The focus of the analysis was planned and unplanned clinical
and therapy visits by CMC over a 30-month data collection period. Non-parametric tests were
used to compare visit counts between and within the three groups.

Results—The number of unplanned visits decreased over time across all groups, with the
greatest decrease in the video telehealth intervention group. Planned visits were higher in the
video telehealth group across all time periods.

Discussion—APRN-delivered telehealth care coordination may support a shift from unplanned

to planned health care service use among CMC.
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Children with medical complexity (CMC) are an important clinical population to study
given their high health care utilization patterns. Common conditions affecting CMC include
congenital or acquired multisystem conditions, cancer or cancer in remission with ongoing
disability in multiple areas, and severe neurologic conditions with marked functional
impairment (Cohen et al., 2011). Children with certain chronic conditions have been shown
to incur medical care costs 2.5 to 20 times higher than children in general in the U.S., and in
2009 CMC accounted for $9.2 billion of U.S. hospital charges (Ireys, Anderson, Shaffer, &
Neff, 1997; Berry et al., 2013). In fact, 20% of all U.S. children who use medical services
have been shown to incur about 80% of all children’s health care expenditures (Simon,
Berry, Feudtner, & Stone, 2010). CMC tend to have the most intensive health care needs and
to be the most medically fragile (Hudson, 2013). Advances in health care have led to an
increasing number of CMC surviving longer, so the relative medical complexity of
hospitalized pediatric patients has increased over the past 15 years (Burns et al., 2010).
Therefore, finding efficient ways to deliver the highest quality care to this high-need
population is an important challenge in health care today.

The pediatric health care home model of care is advocated for children and youth with
special health care needs, of which CMC are a subset; in this model, each family has an
ongoing relationship with a primary health care provider and care is coordinated using a
team-based model (Turchi, et al., 2014). While there are no current standards for the
educational preparation or core functions of the care coordinator in the health care home
(McAllister, et al., 2007; Wise, et al., 2007), improved outcomes for children have been
demonstrated in studies of advanced practice registered nurse (APRN) delivered care
coordination within the health care home (Cady et al., 2015; Looman, et al., 2015; National
Association of Pediatric Nurse Practitioners, 2015). TeleFamilies examined the effectiveness
of an APRN in an established health care home setting coordinating the care of CMC using
telehealth technology compared to usual care and telephone triage. The primary goal for this
analysis was to determine whether the intervention decreased the number of unplanned
clinical visits and whether the availability of video telehealth technology was more effective
than telephone-only telehealth technology.

The focus of this study was a subset of data from the TeleFamilies Project. TeleFamilies
Project, funded by NIH grant ROINR01883 from the National Institute of Nursing Research,
was a three-armed randomized control trial with a baseline study period of six months after
enrollment followed by the intervention period of two years. The control group receiving
traditional health care home coordination was compared to two APRN telehealth care
coordination intervention groups. One intervention group used telephone communication
with the APRN (telephone group) and the other used telephone plus video communication
with the APRN (video group).
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The sample was identified using the children with special healthcare needs (CSHCN)
screener (Bethell et al., 2002) applied to patients receiving care at the special needs clinic
(SNC) of a large, urban, general pediatrics clinic affiliated with a nonprofit children’s
hospital. Eligibility for the TeleFamilies Project was defined as meeting four of the five
CSHCN screener criteria: need for prescription medication, need for medical care,
functional limitation, need for special therapies for at least 12 months. The need or use of
mental health counseling was the optional fifth criterion. This was the most commonly used
CMC identification method at the time of study initiation; all TeleFamilies subjects also
meet current CMC criteria (Cohen et al., 2012). The minimum age at enrollment was two
years old to exclude infants who outgrow their conditions; the maximum was fifteen years of
age at enrollment to ensure eligibility for pediatric care through 30 months of enrollment in
the study.

All subjects were randomly assigned with three age stratifications (2-5, 6-12, and 13-15
years old) to one of the three groups, and at the conclusion of the six month baseline period
they began the two year randomized control trial (RCT) period. There were 163 subjects
enrolled in the TeleFamilies Project, with 55 subjects randomized into the control group, 54
in the telephone group, and 54 in the video group. Those agreeing to participate provided
written informed consent, following the guidelines of the Institutional Review Boards. The
subjects who did not complete the study due to voluntary withdrawal or death during the
study were not included in the analysis, leaving a total of 148 subjects with 47 in the control
group, 50 in the telephone group, and 51 in the video group.

For a six month baseline period, all subjects received the traditional health care home model
primary care provider (PCP) coordinated care. Within this model the PCP manages overall
care, delegating follow-up and coordination tasks to the care coordination team as needed. In
the clinic where TeleFamilies was conducted, this team included a half-time medical
assistant care coordinator and telephone triage provided by registered nurses. After-hours/
weekend telephone triage was handled by an offsite service. All control group subjects
continued to receive this model of care coordination throughout the 2-year intervention
period.

APRN Telehealth Care Coordination Intervention

For intervention group subjects, the PCP continued to direct overall care. What changed was
the addition of a single full-time APRN care coordinator who managed follow-up and
coordination of the child’s care during and between clinic visits. The APRN was an
experienced certified pediatric nurse practitioner who provided relationship-based care
coordination, increasing the “nurse dose” available to intervention families (Looman et al.,
2013) via telehealth.

As each family was randomized to an intervention group, the APRN initiated relationship-
based care coordination via telehealth. The APRN explained her role and began developing a
plan of care in partnership with the child’s family caregiver. For families in the telephone
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group, this occurred only by telephone. For families in the video group, a video visit was
conducted between the family caregiver, APRN and child, when possible. While both
intervention groups engaged with the APRN using telehealth, the video group experienced
immediate ‘face-to-face’ contact with the APRN. A time-motion study conducted at the
onset of the TeleFamilies project period showed no significant difference in duration of
encounters between telephone telehealth and video telehealth interactions (Cady &
Finkelstein, 2014), with an average duration of five minutes each. In both intervention
groups, communication was initiated by either the child’s caregiver, which in all cases was
the parent, or APRN using telephone telehealth. For subjects in the telephone group, this
was the only telehealth mode available for communication with the APRN. Subjects in the
video group had the option of ‘switching’ from telephone to video telehealth if either the
caregiver or APRN felt it would improve assessment and/or communication.

While the APRN did not provide clinic visit care, she would check-in with families during
scheduled PCP clinic visits to facilitate the care coordination process. The APRN’s
expanded scope of practice facilitated assessment of the appropriate setting for illness
management: telehealth, office visit or emergency department visit. The APRN’s knowledge
of the patient through relationship-based care coordination facilitated communication of
information to support handoffs during transitions of care. The APRN recommended office
visits when an unmet need for routine (primary or specialty) follow-up care was identified or
an emergent change in health required in-person assessment.

Data Collection

Data was collected using the Healthcare Service Utilization (HCSU) tool shown in Figure 1,
completed monthly by a family caregiver. A planned visit was defined as being scheduled in
advance for regular health maintenance (e.g. pre-operative physical, well-child check,
hospitalization or ED follow-up visit) , while an unplanned visit was defined as being due to
an acute change in the child’s health (e.g. acute illness, complication, or injury). Planned and
unplanned visits could have occurred at any of the five health care service providers
(primary care clinic visit, specialty care clinic visit, urgent care, emergency department,
hospitalization) listed in Figure 1. For this analysis, all visit types/durations were treated
equally, e.g. a planned clinic visit and a planned three day hospitalization each counted as
one planned visit. Missed or cancelled visits were not tracked as they were not the focus of
this study. The therapy visits included in the HCSU tool only include sessions that the child
received outside of the school setting. CMC receive therapies in school, as those are required
by federal law to be offered to aid in developing skills needed in the educational setting
(Individuals with Disabilities Education Improvement Act of 2004, 2004). Once a child
reaches school age, insurance often stops reimbursing therapies outside of those offered in
school (Benedict, 2006). Most caregivers still elect to bring the child to additional therapy
visits to support the family in caring for the child at home or the child’s ability to participate
in community activities (Benedict, 2006), and these therapy visits are included in the HCSU
tool. The HCSU tool was collected using multiple flexible methods—mail, e-mail,
telephone, and in person at the clinic—to maximize the response rate (Finkelstein,
Celebrezze, Cady, Lunos, & Looman, 2015). When data collection using these methods was
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unsuccessful, the electronic medical record (EMR) was reviewed for documented visits
within the health care system.

Analysis of Data

Results

Data from the 30 months of each subject’s enrollment was grouped into a series of five six-
month time periods for analysis: the six-month baseline, and four six-month periods during
the two-year RCT. Means and standard deviations for planned visits and unplanned visits
were calculated for each of the three intervention groups in each six-month period.
Wilcoxon signed-rank tests were performed to compare differences within a group over
time. Kruskal-Wallis H tests were performed to compare differences between the three
groups in each six-month period, and a Mann-Whitney U Test was used to compare two
groups when significant differences were found in the Kruskal-Wallis H test. The total,
mean, and standard deviation for the number of visits of each type of therapy were
calculated for both the baseline and the whole RCT period to provide a broader description
of the subject population.

The population statistics and Wilcoxon signed-rank test results are shown in Table 1. For
unplanned visits, there were significant within-group differences between baseline and one
or more of the six month RCT time periods for all three groups, with more visits in baseline.
For planned visits, there were significant within-group differences between baseline and one
of the six month RCT periods for the control group only. The video group had more planned
visits in total number and average than the other two groups for all time periods. The
standard deviation was larger for the video group than telephone or control groups as well.
During baseline one subject in the video group was three standard deviations from the mean
and two subjects were two standard deviations from the mean. In the telephone group, zero
subjects were three standard deviations from the mean and one subject was two standard
deviations from the mean. In the control group, one subject was three standard deviations
from the mean and zero subjects were two standard deviations from the mean.

As shown in Table 2, the only comparisons that were found to be statistically significant
with the Kruskal-Wallis H test were planned visits for all RCT months combined, planned
visits for RCT months 7-12, and planned visits for RCT months 13-18. The Mann-Whitney
U Test that compared these situations in groups of two to identify the source of the
differences found for all cases that the statistical significance came from comparing the
control group to the video group, and the video group always had more planned visits than
the control group did for these three time periods.

The therapy data shown in Table 3 summarizes the utilization of the various types of therapy
by each of the groups throughout the study. For the control group, occupational therapy
showed the highest number of visits in both the baseline and RCT periods. For the telephone
group, speech therapy showed the highest number of visits in baseline and RCT. For the
video group, physical therapy showed the highest number of visits in baseline and RCT.
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Discussion

The findings from this analysis are important to help understand the possible impact and
limitations of APRN telehealth care coordination on the number and type clinical visits for
children with medical complexity. The number of unplanned visits was generally higher in
the baseline period than in subsequent months for all groups (with the exception of the first 6
months of RCT for the video group). The largest decrease in the total number of unplanned
visits was seen in the video group from baseline to the last period of the RCT. By the end of
the study, the video group had the lowest mean and total number of unplanned visits. The
data showed a significantly increased number of planned visits for the video group compared
to other groups over the entire RCT period. From baseline to the end of the RCT, the control
group saw a significant decrease in planned visits.

The care coordination intervention may have had a greater effect on unplanned visits for the
video group in part due to their lower physical functioning at baseline, as measured on the
PedsQL measure (Varni, Seid & Kurtin, 2001). Mean physical function scores among
children in the video group (M=41.5) were lower than those in the control group (M=51.2)
and significantly lower than those in the telephone group (M=58.5, p=.041); these scores did
not change significantly from baseline to Year 2. Subjects in the video group were otherwise
similar in terms of their demographic and baseline condition characteristics.

Another reason for a different effect of the intervention on the unplanned and planned visits
in the telephone and video groups may be the perceived benefit and potential for connection
with the APRN care coordinator by families in the video group. While the number of video
visits was relatively small in this group (7% of video group encounters used video
telehealth), the protocol for setting up the video technology included a video visit between
family and APRN early in the intervention period. This visit may have helped to establish a
relationship between the family caregiver and APRN earlier in the study for the video group
than for telephone group. This increased engagement may have facilitated more effective
coordination of care and a subsequent shift from unplanned to planned visits over time.

Reducing unplanned visits is a positive indicator because is suggests a reduction in
instability of the condition, time spent in the emergency department, and unexpected work/
school days missed for the family. Increasing planned visits is a positive indicator because it
suggests better monitoring and control of the condition and more stability, enabling the
family to be proactive about the child’s health. Planned visits may also signal better
coordination of care with specialists and increased adherence to recommended well child
care. While cost was not measured in this study, the shift from unplanned to planned visits
may also represent a potential cost savings (de Stampa, Vedel, Buyck, et al., 2014). A study
by Casey et al. (2011) found that the number of outpatient visits rose even as cost savings
became apparent from reduced hospitalizations for CMC. This supports from an economic
standpoint the goal of increasing planned visits while decreasing unplanned visits.

The APRN and telehealth interventions were not the only factors influencing the evolution
of care over the RCT period. Reductions in unplanned visits could be related to other factors
such as the systematic quality improvements efforts within the organization (concurrent with
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ACO incentives), changes in treatment protocol, the child aging, the season for some of the
children in the group, or other variables. It is possible that the condition of some patients
became more stable as the study went on, resulting in fewer clinical visits. Another potential
factor impacting the APRN telehealth care coordination model was relationship building.
While the APRN was an employee of the children’s hospital, she was new to the primary
care clinic where TeleFamilies was conducted. There could have been difficulty adjusting to
the new telehealth and APRN care model for the intervention groups at the start of the RCT
period. For each group, there were more unplanned visits in total and average for months 1-6
of RCT than there were for the later three RCT periods.

Unplanned visits can be difficult to impact, even with a high intensity intervention such as
APRN telehealth care coordination. Unplanned hospitalizations for CMC are likely less
amenable to change through interventions given the underlying complexity of the conditions
for these children (Berry, Agrawal, Cohen, & Kuo, 2013). 85% of children in the
TeleFamilies Project had multiple complex chronic conditions, and approximately half
required life-sustaining technology assistance. Previous studies of health care service use in
this population have shown a correlation between increasing positive responses on the
CSHCN screener and the number of hospital visits (Cohen et al., 2012; Kuo et al., 2014).

A limitation of the study is that response rates for the HCSU tool differed between groups.
The video group had a 94% response rate, the telephone group had an 88% response rate,
and the control group had an 84% response rate (Finkelstein et al., 2015). The higher
response rate for the video group could in part be contributing to the higher number of
planned visits compared to the other groups. The significant decrease in the number of
unplanned visits over time in the control, telephone, and video groups could be explained by
failure of a respondent to report visits in at an out-of-system clinic or hospital, which would
not have been detected in EMR audits. Families living at a greater distance from the primary
clinic may have chosen to utilize a local hospital or emergency department in the event of an
acute change in the child’s condition. This choice seems more likely for an unplanned visit
than a planned visit. If these visits were not reported, then the data could show a lower
number of unplanned visits, including in the control group. The unknown degree of effect of
quality improvements at the clinic poses an additional study limitation. The study did not
collect missed or cancelled visits. This creates a potential study limitation since a missed
post-ED or post-hospitalization follow-up visit limits identification of emergent issues, and
increases potential for a future unplanned visit.

Conclusion

This study was useful in quantifying the changes in health care utilization by CMC after an
intervention with APRN mediated telehealth care coordination within a mature health care
home. The interventions in this study could be useful in decreasing the number of unplanned
clinical visits and increasing the number of planned clinical visits. This could lead to more
effective and efficient care for the growing population of CMC.
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