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Using Telemedicine to Improve Access to Subspecialty Care for Underserved Children
ABSTRACT

The national shortage of pediatric subspecialists such as pediatric critical care physicians
and pediatric neurologists, coupled with their regionalization at urban, tertiary-care children’s
hospitals has created geographical disparities in access to care, leaving patients residing in
remote and rural communities medically underserved. In the inpatient setting, lack of pediatric
critical care specialists at rural and community emergency departments (EDs) has been shown to
adversely impact care, resulting in higher illness severity of patients when transferred to a
Pediatric Intensive Care Unit (PICU). Higher illness severity is associated with higher morbidity,
higher mortality, longer lengths of hospital stays, and higher resource utilization. In the
outpatient setting, lack of subspecialists such as pediatric neurologists, forces patients and their
families living in rural communities to travel long distances for care. Travel-related hardships
such as missed work and transportation costs put children at greater risk of missing their
scheduled medical appointments. Missing appointments leads to inconsistencies in necessary
care and could result in poorer health outcomes as well as extra visits to the Emergency
Department (ED) or preventable hospitalizations.

Telemedicine consultations are being increasingly utilized to address disparities in the
access to subspecialists. UC Davis Children’s Hospital (UCDCH) has been providing
telemedicine consultations to children living in rural communities in nearly 25 different inpatient
and outpatient subspecialties for more than two decades. The aim of this dissertation was to
evaluate the effectiveness of an inpatient (pediatric critical care) and an outpatient (pediatric
neurology) model of care delivered using telemedicine to generate evidence regarding its

feasibility as a potential solution to the problem of access in underserved regions.
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In Chapter 1, we evaluated the pediatric critical care telemedicine program where
referring, non-pediatric EDs obtain telemedicine consultations for critically ill children.
Specifically, we evaluated the impact of this program on the severity of illness of children
arriving to UCDCH’s PICU between 2010 and 2014, hypothesizing that the telemedicine
program would result in better care and lower severity of illness upon arrival. This retrospective
cohort study included 582 patients from 15 EDs with telemedicine and 524 patients from 60 EDs
without telemedicine. We found that children transferred from EDs with telemedicine
capabilities were significantly less sick upon arrival to the PICU (Pediatric Risk of Mortality,
PRISM III score 3.2 vs. 4.0, p<0.05), even after adjusting for confounders (mean PRISM III
score 0.74 units lower, 95% CI: —1.46 to —0.02) suggesting more appropriate stabilization of
children transferred from EDs with telemedicine capabilities. We also found that standardized
mortality ratios (Observed / Expected ratios) were lower than 1.0 for children admitted from EDs
with telemedicine (0.81, 95% CI, 0.53—1.09), and higher than 1.0 for children admitted from EDs
without telemedicine (1.02, 95% CI, 0.71-1.33). These findings suggest that access to pediatric
critical care specialists over telemedicine during the initial treatment of children in non-pediatric
EDs might offer an opportunity to reduce morbidity and mortality.

In Chapter 2, we evaluated a pediatric neurology telemedicine program where pediatric
patients were seen in their own community clinic by the pediatric neurologists at UCDCH over
telemedicine. We compared appointment completion rates between the telemedicine pediatric
neurology clinics and the in-person UCDCH pediatric neurology clinics. We sought to
determine whether outpatient telemedicine improves access to care for underserved patients.
Using data from electronic medical records, we analyzed 1,158 telemedicine appointments by

381 patients and 13,311 in-person appointments by 3,791 patients scheduled with UCDCH
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pediatric neurologists between 2009 and 2017. We found that children completed 73% of their
scheduled appointments in the telemedicine clinics and 65% of their scheduled appointments in
the usual care, in-person clinics. Even after adjusting for various potential confounders, we
found the odds of visit completion to be 57% higher in the telemedicine clinics than the in-
person clinics.

In Chapter 3, we evaluated the impact of the same outpatient pediatric neurology
telemedicine program on patients’ utilization of hospital services. We found the rate of all-cause
hospital encounters to be nearly four times lower among children who received pediatric
neurology consultations over telemedicine in their local communities compared to children who
received care by travelling to the urban, in-person clinics located on-site at UCDCH (5.7 vs. 20.1
per 100 patient-years, respectively; p<0.001). We also found the rates of neurological condition-
related hospital encounters to be almost twice as low among the telemedicine cohort compared to
the in-person cohort (3.7 vs. 8.9 per 100 patient-years, respectively; p<0.001). Our finding of
lower hospital use among the telemedicine cohort remained significant and consistent even after
adjusting for confounders including insurance status, median household income, travel time to
UCDCH, neurology clinic diagnoses and the presence of a complex chronic condition.

In conclusion, our results suggest that the use of telemedicine to treat children living in
rural communities for selected specialties in acute and outpatient care is associated with
improved clinical outcomes, better appointment adherence, and lower hospital utilization. Our
study adds to the limited but growing body of research confirming the effectiveness of

subspecialty telemedicine care for children in rural and underserved communities.
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INTRODUCTION

Regionalization of pediatric subspecialty care has led to the clustering of scarce providers
at tertiary-care children’s hospitals located in urban areas.'” While regionalization aims to
increase efficiency and quality of care at major referral centers, it also creates geographical
disparities in access to subspecialty care, leaving remote and rural communities, distant from
children’s hospitals, medically underserved.”

Pediatric critical care is a case in point. Only 10% of hospitals in the U.S. have both an
Emergency Department (ED) and Pediatric Intensive Care Unit (PICU) to evaluate and manage
critically ill or injured children.”® A majority of children receive emergency medical care in rural,
community, and otherwise non-children’s hospitals.”® Regionalization of pediatric specialty care
at children’s hospitals and lower annual pediatric volumes at non-children’s hospitals make it
difficult for these hospitals to maintain sufficient infrastructure and clinical staff specialized in

7,9-12 .
Previous

the care of seriously ill children, which may impact the patients’ clinical outcomes.
studies have shown that the children transferred from general and community hospital EDs
receive poorer care and have higher severity of illness upon presentation to a PICU compared to

children transferred from EDs within children’s hospitals that house the PICU.""'” Higher

severity of illness is associated with higher morbidity '>'*'®'" higher mortality, '>'***** longer

13,18 13,18,22,23

lengths of hospital stays, * and higher resource utilization.
Real-time telemedicine consultations are being increasingly utilized to address disparities

in access to pediatric subspecialists in underserved communities. A telemedicine consultation is

live, audiovisual interactive communication between a subspecialist at a children’s hospital and

the patient, parent/guardian and referring provider (remote ED physician or primary care

physician) located at a remote site. UC Davis Children’s hospital (UCDCH) has been providing
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consultations using telemedicine in nearly 25 different inpatient and outpatient subspecialties
since 1996. Nearly 2,800 telemedicine consultations are provided every year at clinics and
hospitals across UCDCH’s 33-county service area in Northern California.*

The Pediatric Critical Care Telemedicine Program at the UCDCH was initiated in 2000
and provides telemedicine consultations to approximately 8.6% of the critically ill pediatric
patients transferred from participating referring EDs.”” Data from previous research has
demonstrated that the use of telemedicine to support the care of seriously ill children at referring

38-41

EDs results in higher provider and patient satisfaction, improved clinical outcomes,* fewer

39,43

medication errors,'" and higher quality of medical care. Pediatric telemedicine consultations

can sometimes obviate unnecessary transfers, **** facilitate timely and appropriate stabilization

. . 5
prior to and during the transfer process, ***

and may result in lower severity of illness upon
admission to the PICU, resulting in improved outcomes. While many critical care telemedicine
programs have been implemented in the recent past, few studies have evaluated their impact on
clinical outcomes.

Disparities in access to pediatric subspecialists are also substantial in outpatient settings.
Among all medical specialties, neurology has one of the highest shortages of specialists.”* A
recent study estimated that an additional 20% of pediatric neurologists are needed to fully meet
current clinical needs and this shortage is projected to persist or worsen in the coming decade.**
Confounding these shortages is the fact that pediatric subspecialty care is very regionalized,”*’
forcing children with neurological disorders and their families living in rural communities to
travel long distances to see the nearest pediatric neurologist. Hardships associated with travel —
including missed work, missed school, and high transportation costs put these children at greater

risk of missing their scheduled medical appointments and receiving less coordinated care.”>!
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Inconsistent subspecialty care, in turn, can result in poorer health outcomes, as well as extra
visits to the ED or preventable hospitalizations.**>”

In the outpatient pediatric neurology clinics, real-time telemedicine consultations reduce
the time and financial burden of subspecialty visits for rural families, and could improve
appointment completion rates and access to pediatric neurology care in underserved

communities,?>*

UCDCH has been providing pediatric neurology services through telemedicine
since 2009, completing more than 1,000 new and follow-up appointments at 15 remote sites in
California. Whether outpatient telemedicine models of care can improve access for underserved
populations and whether the increased access to care from telemedicine results in a reduction in
hospital encounters such as ED visits or hospital admissions is not well studied.”**"

The aim of this dissertation was to evaluate the use of telemedicine as an intervention to
improve access to subspecialty care for children residing in remote, underserved areas of
Northern California. In Chapter 1, we evaluated the effectiveness of telemedicine in the
inpatient setting by comparing the severity of illness among seriously ill children admitted to
UCDCH PICU from EDs with and without access to pediatric critical care consultations using
telemedicine. In Chapter 2, we evaluated the impact of telemedicine on access to pediatric
neurology care by comparing appointment completion in the remote telemedicine clinics and the
on-site, in-person clinics at UCDCH. In Chapter 3, we evaluated whether outpatient
telemedicine models of care impact patients’ utilization of hospital services by comparing the
rates of ED visits and hospital admissions between similar patients with neurological conditions

who obtained care at remote telemedicine clinics and those who obtained care at the on-site, in-

person clinics at UCDHCH.
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Chapter 1
Impact of Telemedicine on Outcomes among Children Transferred from Referring

Emergency Departments to a Children’s Hospital Pediatric Intensive Care Unit

ABSTRACT

Objective: To compare the severity of illness and outcomes among children admitted to a
Children’s Hospital Pediatric Intensive Care Unit (PICU) from referring Emergency
Departments (EDs) with and without access to a pediatric critical care telemedicine program.
Methods: In this retrospective cohort study, we included pediatric patients aged 18 years and
younger admitted directly to the PICU from referring EDs between 2010 and 2014. We
compared demographic factors, severity of illness and clinical outcomes among children
receiving care in EDs with and without access to pediatric telemedicine, as well as a sub-cohort
of children admitted from EDs before and after the implementation of telemedicine.

Results: Five hundred eighty-two patients from 15 EDs with telemedicine and 524 patients from
60 EDs without telemedicine were transferred and admitted to the PICU. Children admitted
from EDs using telemedicine were younger (5.6 vs. 6.9 years, p<0.001) and less sick (PRISM III
score 3.2 vs. 4.0, p<0.05) upon admission to the PICU compared to children admitted from EDs
without telemedicine. Among transfers from EDs that established telemedicine programs during
the study period, children arrived significantly less sick (mean PRISM III scores 1.2 units lower,
p=0.03) after the implementation of telemedicine (N=43) than before the implementation of
telemedicine (N=95). The Observed to Expected (O/E) mortality ratios of post-telemedicine,
pre-telemedicine and no-telemedicine cohorts were 0.81 (95% CI, 0.53-1.09), 1.07 (95% CI,

0.53-1.60) and 1.02 (95% CI, 0.71-1.33), respectively.
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Conclusions: The implementation of a telemedicine program designed to assist in the care of
seriously ill children receiving care in referring EDs was associated with lower illness severity
upon admission to the PICU. This study contributes to the body of evidence that pediatric
critical care telemedicine programs assist referring EDs in the care of critically ill children and

could result in improved clinical outcomes.
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INTRODUCTION

Previous research has demonstrated that children transferred and directly admitted to Pediatric
Intensive Care Units (PICUs) from referring Emergency Departments (EDs) have higher severity
of illness on admission than children admitted directly to the PICU from EDs within the same

hospital as the PICU." 1 Higher severity of illness is associated with higher morbidity,ls’m’l&19

13,18

higher mortality,'”'>**** longer length of hospital stays,'>'® and higher resource

utilization.'*'8-*%%
The higher severity of illness among children transferred from referring EDs can be
g Y g g

10-12 . 7,10 . 7
7 experience,”’  equipment,

partly explained by the lack of pediatric subspecialty expertise,
and infrastructure in EDs’ located within non-tertiary children’s hospitals. Lower annual
pediatric volumes and the regionalization of pediatric specialty care make it difficult to maintain
the sufficient infrastructure and clinical staff specialized in the care of seriously ill children.
Because of this, telemedicine has been increasingly utilized by referring EDs to address
disparities in access to pediatric subspecialists.”' Data from previous research has demonstrated
that the use of telemedicine to support the care of seriously ill children in referring EDs results in

38-41

higher provider and patient satisfaction, improved clinical outcomes,* fewer medication

3943 pediatric telemedicine consultations can

errors,' and higher quality of medical care.
sometimes obviate unnecessary transfers,”* facilitate timely and appropriate stabilization prior
to and during the transfer process,**** and may result in lower severity of illness upon admission
to the PICU and improved outcomes.

While many telemedicine programs have been implemented in the recent past, few

studies have evaluated the impact of these programs on pediatric patients transferred for direct

admission to PICUs. The objective of this study was to compare characteristics of and outcomes
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among seriously ill children admitted to a children’s hospital PICU from EDs with and without
access to pediatric critical care consultations using telemedicine. Using a sub-cohort of our
sample, we also compared characteristics of and outcomes among children transferred to the
PICU from referring EDs before and after the implementation of a pediatric critical care
telemedicine program. Our hypothesis was that the presence of a telemedicine program would
result in more appropriate therapies and improved stabilization of patients such that these
children would arrive less sick and have better outcomes than children transferred from EDs

without a telemedicine program.

METHODS

Patient Population and Data Source: We analyzed all pediatric patients (<18 years old)
admitted to the PICU at the University of California, Davis Children’s Hospital directly from a
referring ED between 2010 and 2014. Referring EDs are located throughout a 33-county region
covering 65,000 square miles, include both urban and rural/underserved areas in Northern
California and serve approximately 6 million people. Pediatric patients are transferred from
referring EDs to the PICU at the discretion of the referring ED physicians and/or the
recommendation of the consulting pediatric critical care physician.

Data were abstracted from the UC Davis Children’s Hospital Virtual PICU Performance
System (VPS) database, which is part of a national collection of high-quality data elements used
for internal and external benchmarking to better understand, evaluate, and improve care and
outcomes of critically ill children.’* All patients admitted to the PICU are entered into the
database, which includes patient demographic information, diagnostic data, and the physiologic

and laboratory data needed to calculate illness severity.> The UC Davis PICU uses the VPS-
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recalibrated coefficients for the Pediatric Risk of Mortality (PRISM III) as its preferred measure
of severity of illness and mortality prediction algorithm.>* The PRISM III score is a measure of
the physiologic stability of a patient during the first 12—24 hours of admission to a PICU, and has
been widely used in the literature for risk-adjustment. In this study, we have used the PRISM III
score as a proxy for a patient’s severity of illness upon presentation to the UC Davis PICU
following initial treatment at the referring ED from where they were transferred to the UC Davis
PICU.

Telemedicine Overview: The Pediatric Critical Care Telemedicine Program at the UC
Davis Children’s Hospital was initiated in 2000 and provides telemedicine consultations to
approximately 8.6% of the critically ill pediatric patients transferred from participating referring
EDs.*” To request a consultation, a remote ED physician calls a toll-free number and a UC Davis
pediatric critical care physician is then paged to initiate the consultation. The telemedicine
consultation consists of audiovisual interactive communication involving the patient,
parent/guardian, referring ED providers (physician, nurse, respiratory therapist) and the pediatric
critical care physician. The telemedicine equipment consists of a pole-mounted turn-key
videoconferencing unit (e.g., Polycom or Cisco), a high-resolution monitor and uninterrupted
power supply. The video camera is capable of remote control 10x zoom, pan and tilt
capabilities.® Upon concluding the consultation, and electronic health record note is either
electronically transferred or faxed to the referring hospital to be included in the patient’s medical
records.’”

Outcome Measures: We compared demographic factors, such as age, and other factors
known to be associated with severity of illness at PICU admission, including ground transport

distance, and day and time of admission. Transport distance is directly proportional to transport
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time and longer times could result in physiological deterioration and/or improvements prior to
PICU admission. Prior research has demonstrated the association of day and time of admission

. . . . 55.56
with severity of illness and clinical outcomes.™

Time of admission was categorized as daytime
(8 AM-8 PM) or nighttime (8§ PM—-8 AM). Day of admission was categorized as weekday
(Monday—Friday) or weekend (Saturday and Sunday). We also compared clinical parameters,
such as illness severity as measured by the PRISM 111 score, PICU length of stay, mortality, and
disposition.

Two separate analyses were conducted. First, we compared factors among all children
transferred to the UC Davis PICU from referring EDs with and without access to pediatric
telemedicine. Second, among hospitals that obtained access to pediatric telemedicine during the
study period, we compared pre-telemedicine factors to post-telemedicine factors. This allowed us
to further improve the comparability of telemedicine and non-telemedicine groups by
minimizing bias due to unknown hospital-associated factors in our study groups. To evaluate the
association between the existence of a telemedicine program in referring EDs and the PICU risk-
adjusted mortality after admission, we also compared standardized O/E mortality ratios (ratio of
observed number of deaths to number of deaths predicted by the PRISM III score) among non-
telemedicine and telemedicine cohorts, as well as the pre-telemedicine and post-telemedicine
cohorts.

Statistical Analyses: We performed all statistical analyses by using Stata Statistical
Software: Release 13 (StataCorp, College Station, Texas, USA). For baseline univariable
comparisons, we used the Student’s t-tests for continuous variables and the chi-square test for
categorical variables. We performed multivariable linear regression to compare severity of

illness among patients transferred from EDs with telemedicine to those transferred from EDs
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without telemedicine, adjusting for confounders such as age, transport distance, and day and time
of admission. To compare PICU admission severity of illness among patient cohorts before and
after the implementation of telemedicine at referring EDs, we performed a linear regression
analysis and adjusted for clustering at the hospital level using cluster robust standard errors. P-
values <0.05 were considered statistically significant. The Institutional Review Board at the

University of California, Davis approved this study.

RESULTS

A total of 582 patients were transferred directly to the PICU from 15 EDs with pediatric
telemedicine and 524 patients were transferred from 60 EDs without pediatric telemedicine. As
shown in Table 1, children transferred from EDs with telemedicine were significantly younger
(5.6 vs. 6.9 years, p<0.001) and were transported over a greater distance (72.4 vs. 63.1 miles,
p<0.05) when compared to children transferred from EDs without telemedicine. Fewer children
transferred from EDs with telemedicine were admitted during nighttime hours (56.0% vs. 63.9%,
p<0.05); however, children transferred from EDs with telemedicine had similar rates of
admission during the weekend (31.8% vs. 29.2%, p=0.35) compared to children transferred from
EDs without telemedicine. In terms of clinical parameters, patients transferred from EDs with
telemedicine arrived to the PICU less ill (PRISM III score 3.2 vs. 4.0, p<0.05) compared to
patients transferred from EDs without telemedicine (Table 1). We did not find statistically
significant differences in lengths of stay (3.1 vs. 3.8 days, p=0.11) and observed mortality (2.4%
vs. 4.4%, p=0.07) between children admitted from EDs with telemedicine compared to those
admitted from EDs without telemedicine. After adjusting for age, transport distance, and time

and day of admission, children admitted from EDs with telemedicine had lower PRISM III
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scores on presentation than children admitted from EDs without telemedicine (B =—0.74, 95%
CI=-1.46 to —0.01, Table 2).

During the study period, four EDs obtained telemedicine capabilities. Among this cohort,
there were 95 patients in the pre-telemedicine cohort and 43 in the post-telemedicine cohort.
Baseline characteristics of the pre-telemedicine and post-telemedicine patient cohorts are shown
in Table 3. In general, findings were consistent with the entire telemedicine versus non-
telemedicine cohorts; however, the differences were not statistically significant, including
PRISM III scores (3.8 vs. 2.5, p=0.22) and length of stay (4.1 days vs. 2.4 days, p=0.22).

Regression analysis of the sub-cohort demonstrated that patients transferred after the
implementation of telemedicine had lower PRISM III scores ( = —1.2 units, p=0.03) than
patients transferred before the implementation of telemedicine. The Observed/Expected (O/E)
ratios of post-telemedicine, pre-telemedicine, and no-telemedicine cohorts were 0.81 (95% CI,
0.53-1.09), 1.07 (95% CI, 0.53—1.60), and 1.02 (95% CI, 0.71-1.33) respectively. The O/E

ratios were not statistically different from one another.

DISCUSSION

In our study, we evaluated the impact of a pediatric critical care telemedicine consultation
program for referring EDs on the severity of illness of children arriving to a tertiary care
Children’s Hospital PICU. We found that children transferred from EDs with telemedicine
capabilities were significantly less sick upon arrival to the PICU, suggesting better care and more
appropriate stabilization than that of children transferred from EDs without telemedicine
capabilities. This finding was consistent even after adjusting for confounders. Among a sub-
cohort of children from hospitals that initiated telemedicine during the study period, those

transferred from EDs to the PICU during the post-telemedicine period were significantly less
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sick upon arrival than those transferred from the same EDs during the pre-telemedicine period.
We also found that standardized mortality ratios (O/E ratios) were lower than 1.0 for children
admitted from EDs with telemedicine and among the post-telemedicine cohort, and higher than
1.0 for children admitted from EDs without telemedicine and among the pre-telemedicine cohort.
These findings suggest that access to telemedicine consultations with pediatric critical care
specialists during the initial treatment of children in EDs might offer an opportunity to reduce
mortality.

Our study adds to the existing body of knowledge about the variation in illness severity
among children admitted to PICUs from different hospitals and hospital locations. The finding
that children transferred from EDs lacking pediatric expertise are more ill when they arrive at a

P19 Improving

PICU in a tertiary care children’s hospital is in agreement with previous literature.
the initial care that these children receive in referring EDs could likely improve clinical
outcomes and reduce burdens associated with increased morbidity, length of stay, and

57,58

mortality. In the case of children who are not critically ill, appropriate pre-transfer care might

also prevent unnecessary and resource-intensive emergency transportation to a distant and
possibly overcrowded PICU.***4>

Since the 2006 release of the Institute of Medicine’s report,”’ The Future of Emergency
Care in the United States Health System, Emergency Care for Children: Growing Pains, the
medical community has realized that with the regionalization of pediatric emergency services,
there are significant disparities in the ability of different EDs to care for seriously ill children.'
A recent assessment of EDs underscored the association of annual patient volumes with pediatric

readiness for day-to-day and disaster care.’ Readiness was also associated with the presence of

physician and nurse pediatric emergency coordinators. Although there have been improvements

15

www.manaraa.com



in pediatric readiness of all EDs over the last decade, there remain opportunities for more EDs to
become compliant with national guidelines. Only 12% of California-based hospitals and 10% of
all U.S. hospitals have both an ED and PICU to evaluate and manage critically ill children.>*
Thus, it is imperative that EDs without 24/7 access to pediatric subspecialists identify solutions
to improve pre-transfer care of this extremely vulnerable population.

The majority of children receive emergency medical care in rural, community, and
otherwise non-children’s hospitals.®® While most EDs provide high quality of care to children,
particularly among the most seriously ill, literature suggests that care provided in non-children’s
hospitals may have lower ratings for quality of care and higher rates of adverse events, such as

8126263 The use of telemedicine to access pediatric expertise has been shown to

medication errors.
be well received as a potential solution to increase access to specialty care.*' It has also been
suggested that telemedicine consultations could serve as opportunities for building collaborative
professional relationships with more-experienced practitioners at tertiary care children’s
hospitals, which has implications for workforce recruitment and retention.*' Hence, in addition to
having a potential impact on improving outcomes among children receiving care in the ED, the
use of telemedicine may also indirectly improve quality of care by mitigating staffing-related
issues common to rural health systems.

Our study has several limitations. First, there may be inherent differences between
hospitals and EDs that participate in the telemedicine program and those hospitals that do not
participate in the program. The hospitals represented a convenience sample based on their need,
interest in participation, and relationship with UC Davis. Second, the sample size for our sub-

cohort analysis comparing illness severity in pre-telemedicine and post-telemedicine cohorts is

relatively small, which might limit the detection of a true effect of telemedicine in this context.
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However, given our relatively short study period and the low volume of critically ill children
needing transfer at referring EDs,”’ this analysis still provides useful insight into the clinical
impact of telemedicine consultations with PICU-based pediatric subspecialists. Third, our study
does not address the possibility that the lower illness severity of children transferred from EDs
with telemedicine capabilities may simply be a consequence of transferring children who are less
sick. Without detailed information on the therapies and interventions performed in the EDs as a
result of the telemedicine consultations, we are unable to directly attribute the lower PRISM 111
scores on arrival to the PICU to the telemedicine program. However, our claim finds support in
prior research showing that pediatric critical care telemedicine programs in EDs were effective in
lowering transfer rates of children to facilities providing higher levels of care.* Fourth, while the
PRISM III scores for the telemedicine cohort are significantly lower, a reduction in 0.74 units
corresponds with approximately 1.3% reduction in expected morality, which is not huge but may
be clinically significant. Fifth, we considered the intervention in this study to be the
telemedicine program, and not the specific consultation modality—so not all patients transferred
from EDs with telemedicine received a telemedicine consultation. We conducted our analysis
this way because of the selection bias that would be introduced if we considered the non-random
mode of consultation to be the intervention. Last, the EDs transferring patients to the PICU
during the study period may not be representative of other referring EDs, potentially limiting the
generalizability of our findings. Our study conclusions are based on the assumption that all EDs
that have access to telemedicine are using them appropriately for patient consultations. However,
many EDs might be underutilizing their telemedicine capabilities, particularly just after
installation due to limited proficiency and comfort of the staff with the equipment, the change in

relationships with consultation providers in the PICU,*' and the tendency to continue using
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established methods of obtaining telephone consultations. Thus, our estimates of severity of
illness for the post-telemedicine group could be overestimated. However, even if this were not
the case, our inference that telemedicine consultations assist in the initial ED care and help lower
the severity of illness of children on arrival to the PICU would not change. Hospitals were not
randomized to telemedicine installation, so our results could be subject to confounding bias. We
tried to minimize this bias by adjusting for all possible confounding variables reported in the
previous literature and accounted for clustering by hospital in the secondary analyses.

We measured each patient’s severity of illness using the PRISM III score, which is
calculated using physiological measures recorded within the first 24 hours of admission into the
PICU.> While PRISM III estimates the risk of mortality upon admission to the PICU, the score
does not account for the illness severity when the child first sought emergency care at the
referring ED. Prior treatment and stabilization at the referring ED could temporarily mask
severe morbidity and lead to underestimation of the illness severity score upon arrival at the
PICU.">">1%%6% This could possibly introduce a lead-time bias and result in higher O/E ratios;
however, the O/E estimates for children admitted from EDs with telemedicine were lower than
1.0."

In conclusion, children transferred from EDs participating in a pediatric critical care
telemedicine program arrive to the PICU less sick than those transferred from EDs without
access to telemedicine. Studies evaluating the impact of telemedicine at the patient level are

needed to provide further evidence that telemedicine consultations improve pre-transfer care.
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Table 1. Demographic and clinical parameters of pediatric patients transferred from EDs with

and without telemedicine

Parameter No Telemedicine Telemedicine p

n=>524 n=>582

Mean age, years (SD)* 6.9 (5.9) 5.6 (5.7) <0.001

Mean transport distance, miles (SD)* 63.1(70.9) 72.4 (69.6) <0.05

Nighttime admission, n (%)* 335 (63.9) 326 (56.0) <0.05

Weekend admission, 7 (%) 153 (29.2) 185 (31.8) 0.35

Mean PRISM III score (SD)* 4.0 (6.7) 32(5.4) <0.05

Mean length of PICU stay (SD) 3.8(9.4) 3.1(5.5) 0.11

Mortality, n (%) 23 (4.4) 14 (2.4) 0.07

PICU Disposition, n (%) 0.37

General care floor 297 (56.7) 334 (57.4)

Home 150 (28.6) 184 (31.6)

Step-down unit 15 (2.9) 13 (1.2)

Another ICU 8(1.5) 9(1.5)

Other 54 (10.3) 42 (8.3)

p <0.05, SD: Standard Deviation
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Table 2. Multivariable analysis showing the association between telemedicine EDs and patients’

PRISM III score
Parameter Beta-coefficient Standard Error 95% Confidence

Interval (CI)

ED with telemedicine -0.74 0.37 -1.47,-0.02

Transport distance, miles -0.002 0.003 -0.007, 0.003

Age, years 0.07 0.03 0.01,0.13

Daytime admission 0.68 0.37 -0.06, 1.41

Weekend admission 0.25 0.40 -0.53,1.02
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Table 3. Demographic and clinical parameters of pediatric patients transferred from EDs before
and after implementation of a telemedicine program

Parameter Pre-telemedicine Post-telemedicine P
n=95 n=43
Mean age, years (SD) 6.6 (6.0) 4.6 (4.9) 0.06
Nighttime admission, z (%) 53 (55.8) 23 (53.5) 0.80
Weekend admission, 7 (%) 24 (25.3) 15 (34.9) 0.51
Mean PRISM III score (SD) 3.8(5.9) 2.5(3.5) 0.22
Mean PICU length of stay, days (SD) 4.1 (8.9) 2.4 (2.3) 0.22
Mortality, n (%) 4 (4.2) 1(2.3) 0.58
SD: Standard Deviation
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Chapter 2
Appointment Completion in Pediatric Neurology Telemedicine Clinics Serving
Underserved Patients
ABSTRACT
Objective: UC Davis Children’s Hospital (UCDCH) provides neurology consultations to
children both in-person and remotely by telemedicine at outpatient clinics in underserved
communities of California. We compared appointment completion between the in-person and
telemedicine clinics to determine if telemedicine improves access to care for underserved
patients.
Methods: We identified patients scheduled for outpatient care from UCDCH pediatric
neurologists between January 1, 2009 and July 31, 2017, in-person and by telemedicine.
Demographic and clinical variables were abstracted from electronic medical records. We
evaluated the association between consultation modality and visit completion in overall and
matched samples using hierarchical multivariable logistic regression.
Results: We analyzed 13,311 in-person appointments by 3,831 patients and 1,158 telemedicine
appointments by 381 patients. The average travel time to the site of care was 45.8+52.1 minutes
for the in-person cohort and 22.3+22.7 minutes for telemedicine cohort. Telemedicine sites were
located at an average travel time of 217.1+114.8 minutes from UCDCH. Telemedicine patients
were more likely to have non-private insurance, lower education and lower household income.
They had different diagnoses and fewer complex chronic conditions. Telemedicine visits were
more likely to be completed than either “cancelled” or missed (“no-show’’) compared to in-
person visits (OR 1.57, 95% CI: 1.34—-1.83; OR 1.66, 95% CI: 1.31-2.10 matched on travel time

to site of care; OR 2.22, 95% CI: 1.66—2.98 matched on travel time to UCDH).
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Conclusions: Children who were scheduled for telemedicine appointments with pediatric
neurologists had higher odds of visit completion than children who were scheduled at the urban

in-person clinics of an academic, tertiary-care hospital.
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INTRODUCTION

Among all medical specialties, neurology has one of the highest shortages of specialists.** A
recent study estimated that an additional 10% of adult neurologists and 20% of pediatric
neurologists are needed to fully meet current clinical needs.** This shortage is projected to
persist or worsen in the coming decade.* For children living in rural communities, access is
even more difficult given the regionalization of pediatric subspecialty care to urban areas.” !
As a result, rural children with neurological disorders and their families frequently travel long
distances to obtain needed subspecialty care. Hardships associated with travel—including
missed work, missed school, and high transportation costs—often result in patients failing to

28-31

complete their scheduled medical appointments. Inconsistent subspecialty care, in turn, can

result in poorer health outcomes, as well as extra visits to the emergency department (ED) or
preventable hospitalizations.**’

Real-time telemedicine consultations reduce the time and financial burden of subspecialty
visits for rural families, and may thereby improve visit completion rates and pediatric neurologist
access in underserved communities.”**° UC Davis Children’s Hospital (UCDCH) has been
providing pediatric neurology services through telemedicine to medically underserved
communities in California since 2009. To better understand the impact of this program on access
to pediatric neurology care, we compared visit completion between the remote telemedicine
clinics and the on-site, in-person clinics. We hypothesized that patients would be equally or
more likely to complete appointments scheduled over telemedicine as compared to the

appointments scheduled in the in-person clinics, after adjusting for clinical and demographic

differences.
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METHODS

Telemedicine Visits: Since 2009, the Division of Pediatric Neurology at UCDCH has
completed more than 1200 visits with patients in underserved and rural communities over
telemedicine. Telemedicine consultations are offered for new and follow-up appointments at 15
remote sites, primarily located in northern California (see Figure 1). Remote clinic staff and
primary care providers collect each patient’s vitals and history, perform and report a detailed
physical exam, and discuss visit recommendations together with the patient and subspecialist.
Laboratory test results (such as electroencephalography) and neurological imaging (such as
computer tomography or magnetic resonance imaging) are faxed, mailed or shared over picture
archiving and communication systems (PACS) to the pediatric neurologist either prior to or
during the appointment. Live videoconferencing is conducted over turnkey telemedicine codecs
with full UCDCH provider access to remote pan-tilt-zoom capabilities. The pediatric neurologist
then documents the consultation note within UCDCH’s electronic health record (EHR) system,
and this note is either electronically shared or faxed to the remote clinic site.

Study Population: The study population consisted of patients aged 18 years and younger
whose registered home addresses were within California, and who completed at least one visit
with a UCDCH pediatric neurologist between January 1, 2009 and July 31, 2017 either in-person
or over telemedicine. Visits included in the analysis were those scheduled between January 1,
2009 and the date that the patient turned 19 years old or July 31, 2017, whichever occurred first.
We did not include patients who were scheduled but never seen.

Data Source and Variables: We abstracted demographic variables (age, sex, and
insurance status), patient and telemedicine clinic addresses, dates and completion status of

scheduled appointments, and presenting encounter diagnoses from the UCDH EHR system. Sex,
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medical insurance status and patient addresses were assumed to stay constant throughout the
study period and their values were designated as those recorded in the EMR at the time of the
data pull. Insurance status was dichotomized into private (commercial employer-based) and
non-private, which included public insurance (e.g., Medicaid, managed Medicaid), self-pay, and
no insurance. Addresses were geocoded and mapped to U.S. census tracts. Aggregate census
tract information was used to assign patients’ neighborhood median household income and
education level (defined as the proportion of residents with a Bachelor’s degree or higher) using
the 2016 American Community Survey’s 5-year estimates.”” We categorized the median
household income as less than $35,000, $35,000-$45,000, $45,000-$60,000 and more than
$60,000. We categorized education level as less than 10%, 10%—15%, 15%—20% and greater
than 20% college educated residents. Both variables were categorized into quartiles, which were
modified to ensure that the highest and lowest categories included a sufficient number of
observations in both comparison groups for analysis. Geocoded addresses were also used to
estimate patients’ travel times to UCDCH (i.e., the time needed to travel from the patient’s home
and UCDCH), as well as patients’ travel time to the site of care; i.e., the time needed to travel
from the patient’s home to the remote outpatient clinic for telemedicine visits and UCDCH for
the in-person visits. Travel times were estimated assuming vehicle speeds under standard traffic
conditions using the georoute command in Stata.

ICD-9 codes for the primary presenting diagnosis were used to determine the presence of
a pediatric complex chronic condition using a previously validated algorithm.®® This algorithm
flags diagnosis codes corresponding to complex chronic conditions among pediatric patients.
The algorithm was developed by clinicians experienced in the care of children with chronic

conditions. They defined a complex chronic condition as “any medical condition that can be
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reasonably expected to last at least 12 months (unless death intervenes) and to involve either
several different organ systems or 1 organ system severely enough to require specialty pediatric
care and probably some period of hospitalization in a tertiary care center.” This algorithm has
been widely used in the literature for risk-adjustment and identification of patients who are likely
to have higher healthcare resource utilization. We also combined the patients’ presenting
encounter diagnoses into broad clinical categories for comparison between the cohorts based on
the recommendation of our neurologists. For a missing diagnosis code—and corresponding
diagnosis category and complex chronic condition status—resulting from a canceled or no-show
visit, we used the non-missing values from the patient’s previous or following completed
appointment, whichever was temporally closer. The primary dependent variable in our analysis
was completion of scheduled visits, with cancellations and no-shows considered to be
uncompleted visits. The primary independent variable was whether the appointment was
scheduled in a telemedicine or in-person clinic.

Statistical Analysis: Simple descriptive statistics were used to characterize study
variables. Univariable and bivariable comparisons were conducted using Student’s t-tests,
Pearson’s chi-squared tests and Wilcoxon rank sum tests, as appropriate. The odds of visit
completion were estimated using logistic regression with random intercepts for patients to
account for patient-level correlations between scheduled appointments. Unconditional
multivariable logistic regression models evaluating the odds of completion for visits scheduled
over telemedicine compared to those scheduled in-person were adjusted for various potential
confounders including patient’s age, travel time to site of care, insurance status, median
household income, education level, year of visit and the presence of a complex chronic

condition. The confounders were chosen for inclusion in the model based on associations
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observed in the descriptive analysis as well as a-priori, based on our hypothesis. We also
evaluated the adjusted visit completion odds ratios for each presenting diagnosis category to
determine if visit completion by consultation modality varied by the patient’s diagnosis.

To check the robustness of our findings, we also evaluated visit completion in matched
subsets of the study population. First, telemedicine and in-person cohorts were matched on
travel time to the site of care using a caliper of 5 minutes in a 1:1 ratio (without replacement) to
compare cohorts with similar, convenient access to pediatric neurologists. Second, we matched
the cohorts on travel time to UCDCH using the same methodology as above to compare visit
completion among distant communities with and without telemedicine clinics. We then
evaluated the adjusted odds of visit completion in both the time to site of care-matched and time
to UCDCH-matched samples. All analyses were carried out using Stata/SE version 15.1
(College Station, Texas). P-values <0.05 were considered to be statistically significant. The
Institutional Review Board at UCDH approved this study.

Data availability: Any data not published within the article will be shared in a de-

identified form by request from any qualified investigator.

RESULTS

A total of 14,469 appointments scheduled with UCDCH pediatric neurology between January 1,
2009 and July 31, 2017 were included in the study. Of these, 1,158 appointments were
scheduled in the telemedicine clinics by 381 patients, and 13,311 appointments were scheduled
in the in-person clinic by 3,831 patients. Thirty-nine patients scheduled appointments in both
telemedicine and in-person clinics. Telemedicine consultation sites (Figure 1) were located at an

average travel time of 217.1 minutes [Standard Deviation (SD) 114.8 minutes] from UCDCH.
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As shown in Table 1, patient visits scheduled in the telemedicine and in-person clinics
had comparable age and sex distributions. Patients in the telemedicine cohort, however, were
less likely to have private insurance compared to patients in the in-person cohort (2.1% vs.
34.5%, p<0.001). The mean travel time to the site of care was 22.3 minutes (SD 22.7 minutes)
for the telemedicine cohort and 45.8 minutes (SD 52.1 minutes) for the in-person cohort
(p<0.001). In contrast, the travel time to UCDCH (location of the in-person clinic) was 157
minutes (SD 33.2 minutes) for the telemedicine cohort, assuming no change in the number of
visits scheduled. Patients in the telemedicine cohort were more likely to live in census tracts
with a lower median household income (90.4% vs. 46.3% with income <$60,000) and lower
education level (69.2% vs. 34.9% with <20% college graduates).

In terms of clinical characteristics, children scheduled in the telemedicine clinics were
slightly less likely to have a complex chronic condition than those scheduled in the in-person
clinics (11.5% vs. 14.2%, p=0.004, Table 1). Seizure disorders and developmental delays were
the most common primary presenting diagnoses in both clinics (Table 1). A higher proportion of
patients in the telemedicine clinics were seen for seizure disorders, disorders of the muscle and
nerve, and genetic and congenital disorders while a higher proportion of in-person clinic patients
were seen for developmental delays, headaches, and brain degeneration, damage or injury.
Seventy-three percent of telemedicine appointments and 65.1% of in-person appointments were
completed as scheduled (p<0.001, Tablel).

As shown in Table 2, the bivariable odds of visit completion were higher for telemedicine
compared to in-person visits (OR 1.46, 95% CI: 1.27-1.68). Females had lower unadjusted odds
of visit completion compared to males (OR: 0.89, 95% CI: 0.82—0.95). Visit completion odds

decreased by 7% (95% CI: 3%—11%) with a one-hour increase in travel time to the site of care.
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Patients from neighborhoods with higher education (>15% college graduates) had higher odds of
visit completion than patients from neighborhoods with lower education (<10% college
graduates).

In the adjusted analysis (Table 3), there were higher odds of visit completion in the
telemedicine cohort compared to the in-person cohort (adjusted Odds Ratio, aOR: 1.57, 95% CI:
1.34-1.83). Visit completion was inversely associated with encounter age (2% lower odds for a
one-year increase in age, 95% CI: 1%—-3%) and travel time to the site of care (6% lower odds for
a one-hour increase in travel time, 95% CI: 1%—-10%). Visit completion odds were higher for
patients residing in neighborhoods with 15%-20% college graduates compared to those with
<10% college graduates (aOR: 1.22, 95% CI: 1.03—1.44), when adjusting for other confounders.
As shown in Table 4, the adjusted odds of visit completion were significantly higher for the
telemedicine cohort compared to the in-person cohort within all major presenting diagnosis
categories.

As shown in Table 5, the time to site of care-matched sample comprised of 1,158 visits in
each cohort. Seventy-three percent of telemedicine visits and 65.0% of in-person visits were
completed in this sample (p<0.001) and the adjusted odds of visit completion were higher for the
telemedicine cohort compared to the in-person cohort (aOR 1.66, 95% CI: 1.31-2.10). The time
to UCDH-matched sample included 598 visits in each cohort. Seventy-three percent of
telemedicine visits and 60.7% in-person visits were completed (p<<0.001). Similar to previous
analysis, the adjusted odds of visit completion were higher for the telemedicine cohort (aOR

2.22,95% CI: 1.66-2.98).
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DISCUSSION

In this retrospective analysis, we found that children completed 73% of their scheduled
neurology appointments in the telemedicine clinics and 65% of their scheduled appointments in
the traditional in-person clinics of a large, academic, tertiary care hospital. Even after adjusting
for potential confounders including travel time to the site of care, we found the odds of visit
completion to be 57% higher in the telemedicine clinics than the in-person clinics.

Of the 33 counties which comprise UCDCH’s service area, 26 do not have a pediatric
neurologist,’” and all 18 pediatric neurologists in this region practice in urban areas.’® Thus,
outpatient pediatric neurology services are an unmet need in the rural and remote areas of this
region. Additionally, our study shows that compared to the patients served by in-person clinics,
those served by the telemedicine clinics have lower education and household incomes. The
combination of poor local access and socioeconomic factors might result in patients’ inability to
obtain needed neurology care in the traditional in-person clinics and impact their visit
completion rates. In our study, we found that the adjusted odds of completion were higher
among telemedicine visits compared to in-person visits, even in the time to UCDCH-matched
analysis. This shows that providing neurology consultations through telemedicine in distant
communities may reduce disparities in visit completion.

Our results of higher visit completion in the telemedicine clinics concur with a previous
study of outpatient telemedicine, which reported that psychiatry patients were more likely to
complete telemedicine visits than usual care visits.” Improvement in visit completion by
reducing patients’ travel distance has also been demonstrated in community-based satellite
clinics.”® However, we found visit completion to be higher in the telemedicine cohort even after

restricting the sample to patients with shorter travel times to the site of care. This sample
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included all the telemedicine patients who sought neurology care at their local clinics, as well as
urban patients who scheduled in-person visits at UCDCH’s on-site clinics. This finding shows
that factors in addition to travel-related convenience contributed to the higher completion rates of
telemedicine appointments. These may include patient and family-centered factors such as
familiarity with the remote clinic location, ease of scheduling neurology consultations with the
primary care clinic and/or greater accountability on the part of the child’s caregivers due to some
degree of integration between the primary care and subspecialist services. For example, the need
for care coordination tends to be higher for children with epilepsy and seizure disorders because
they often have developmental and mental health comorbidities and functional limitations,*””
making their treatment more appropriate for team-based care. In the model of care delivery
through telemedicine, better care coordination between the child’s primary care provider and
neurologist facilitates exchange of important health information between the providers and
parents, and broadens the primary care provider’s knowledge about management of the patient’s

13

neurological condition. Moving the system of care closer to a patient’s “medical home” may
increase parents’ comfort and satisfaction with the care process, making them more adherent to
their children’s scheduled care regimen.”!

Higher completion of scheduled telemedicine appointments could also be due to greater
availability of appointments at local clinic locations. For example, a separate study of in-person
pediatric neurology care found that visit completion rate was inversely related to the time
between referral and the next available appointment.’> The analysis of appointment wait times
was outside the scope of this study, but we do not expect to find major disparities in appointment

wait times between our in-person and telemedicine clinics over the course of the study because

both telemedicine and in-person clinics are serviced by the same providers and hospital policy
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ensured that the burden of wait time did not disproportionately hinder access in one type of clinic
compared to the other. Other less expensive ways to improve patient attendance such as
enhanced appointment reminder systems, no-show fees and overbooking have demonstrated
positive results in some outpatient settings.”””’’ However, these methods have little impact on
ameliorating the burden of access for patients residing in remote rural areas.

While this study did not evaluate the quality or outcomes of care provided by
telemedicine, other studies have found telemedicine suitable for providing neurologic specialty

care”’® and demonstrated that the quality of care delivered through telemedicine is comparable

: 26,47,79-82
to 1n-person care.”” 77

In our experience, many neurologic conditions are amenable to
medical consultation over telemedicine, especially when a trained clinician is available at the
remote site to assist with examinations. We have also noted that continuity of the partnership
between the pediatric neurologist and the remote site is key to the seamless operation of the
telemedicine clinic. The continued use of telemedicine by some of our sites since the program’s
inception illustrates that this model of care is agreeable to both patients and providers on a long-
term basis.

This study has limitations. First, there are inherent differences between the cohorts
because patients were not randomized to telemedicine or in-person visits. However, we
attempted to address this limitation by using a multivariable model to adjust for potential
confounders. In addition to demographic differences in insurance, income and education levels,
there were also clinical differences between the cohorts—such as distribution of primary
diagnoses—that could potentially affect care-seeking behavior. However, the adjusted odds of

visit completion were significantly higher in the telemedicine clinics for a majority of diagnostic

categories including seizures disorders, headaches, developmental delays, disorders affecting the
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muscle and nerves, and genetic and congenital disorders. This demonstrates that the effect of
telemedicine on visit completion is consistent across many diagnoses. A second limitation of our
study is that due to its retrospective nature and the use of structured data elements in the EHR,
we did not have information on confounders such as the availability of transportation or whether
the child’s symptoms persisted at the time of the appointment. In addition, there could be
differences in important baseline characteristics, such as parents’ overall health consciousness,
which would affect visit completion. However, we hope that by incorporating patient-level
random effects into our model, we have accounted for patients’ and families’ baseline propensity
to complete scheduled appointments. Finally, this study evaluated a subspecialty telemedicine
program at a large academic center and these results may not be generalizable to other
telemedicine programs, which might vary in delivery models (consultative vs. direct care),
populations served (adults vs. children), clinical services offered (primary care vs. subspecialty)
and goal targeted (expanded access vs. reduction in clinic wait times). Our evaluation of access
to care also focuses on completion of scheduled visits, so does not capture patients who were
referred but not scheduled and does not include patients who were scheduled to see pediatric
neurologists but failed to successfully complete even a single visit. These measures of access to
care were outside the scope of available data for our analysis.

The study also has several strengths. First, our comparison groups were well balanced
across age and sex. Second, the multivariable model includes many factors found predictive of
appointment non-completion in previous studies, such as travel time to the site of care and
socioeconomic factors,” and the results of this model appear robust with matched analyses.

Lastly, to the best of our knowledge, this study is the first to compare visit completion rates in
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telemedicine and in-person pediatric neurology clinics and adds to the limited pool of studies
evaluating the effectiveness of subspecialty telemedicine care for children.

The low density and urban clustering of pediatric neurologists in UCDCH’s service area
and nationwide have made it necessary to find ways by which providers can extend services
within existing time and resource constraints. Telemedicine is one solution that can improve
access by offering greater flexibility to patients and providers. By improving subspecialist
availability and enhancing care coordination, telemedicine may reduce disparities in patients’
receipt of necessary care and may improve the quality of life for patients and their caregivers in

rural and underserved communities.
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Figure 1. Telemedicine clinic locations served by UC Davis Children’s Hospital’s pediatric
neurologists

Del Norte Community Medical3
Center, Crescent City

Willow Creek CHC, Wilow{
North Country Clinic, Arca
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ity Clinic, Round Mountain
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Table 1. Baseline characteristics of the telemedicine and in-person cohorts

Telemedicine, N  In-person, N P
Patient characteristics (%) (%)
1,158 (8.0) 13,311 (92.0)
Encounter age in years, mean (SD) 8.5(5.1) 8.3 (5.0) 0.31
Sex, N (%)
Female 532 (45.9) 6,172 (46.4) 0.78
Male 626 (54.1) 7,139 (55.6) '
Insurance status, N (%)
Private 24 (2.1) 4,597 (34.5) <0.001
Non-private (public/self-pay/other) 1,134 (97.9) 8,714 (65.5) '
Time to UCDH in minutes, mean (SD) 157.0 (33.2) 46.4 (52.9) <0.001
Time to the site of care' in minutes, mean (SD) 22.3 (22.7) 45.8 (52.1) <0.001
Median household income? in dollars, N (%)
<35,000 395 (34.1) 1,489 (11.2)
35-45,000 345 (29.8) 1,956 (14.7) <0.001
45-60,000 307 (26.5) 2,720 (20.4) '
>60,000 111 (9.6) 7,146 (53.7)
Percent with Bachelor’s degree or higherz, N (%)
<10% 260 (22.5) 1,256 (9.4)
10-15% 298 (25.7) 1,718 (12.9) <0.001
15-20% 243 (21.0) 1,673 (12.6) '
>20% 357 (30.8) 8,664 (65.1)
Presenting diagnosis, N (%)
Seizures and suspected seizures 569 (49.1) 5,049 (37.9)
Developmental disorders and delays 118 (10.2) 1,912 (14.4)
Headaches and migraine 53 (4.6) 1,884 (14.2)
Disorders of muscle and nerve’ 134 (11.6) 1,336 (10.0)
Genetic and congenital disorders 73 (6.3) 741 (5.6) <0.001
Brain degeneration, damage or injury 29 (2.5) 580 (4.4)
Other* 65 (5.6) 1,242 (9.3)
General/non-specific disorders 102 (8.8) 472 (3.6)
Missing 15(1.3) 95 (0.7)
Pediatric complex chronic condition, N (%)
No 1,010 (87.2) 11,321 (85.1)
Yes’ 133 (11.5) 1,895 (14.2)  0.004
Missing 15(1.3) 95 (0.7)
Visit completion status, N (%)
Completed 847 (73.1) 8,664 (65.1) <0.001
No-show or canceled 311 (26.9) 4,647 (34.9) '
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'For telemedicine cohort: telemedicine clinic at the primary care provider’s office, for in-person
cohort: UCDH

’In patient’s census tract region

*Including movement disorders

4Including fatigue, sleep, vision, infection, neoplasm, behavioral/mental/social, skin, ear/hearing
disorders

*Including neuromuscular conditions such as epilepsy/intractable seizures, malignant conditions
and congenital/genetic conditions
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Table 2. Bivariable/unadjusted odds of visit completion with patient random intercepts

Patient and visit factors

0dds Ratio (95% CI)

Encounter age in years

Sex
Male
Female

Insurance status
Private
Non-private (public/self-pay/other)

Travel time to UCDH in hours

Time to site of care' in hours

Median household income? in dollars
<35,000
35—45,000
45-60,000
>60,000

Percent with Bachelor’s degree or higher”
<10%

10—-15%
15-20%
>20%

Presenting diagnosis, N (%)
General/non-specific disorders
Seizures and suspected seizures
Developmental delays
Headaches and migraine
Disorders affecting the muscle and nerve’
Genetic and congenital disorders
Brain degeneration/damage/injury
Other*

Pediatric complex chronic condition

1.00 (0.98-1.03)

REF
0.89 (0.82-0.95)

REF
0.93 (0.86-1.00)
1.01 (0.97-1.05)
0.93 (0.89-0.97)

REF
1.03 (0.90-1.19)
1.02 (0.89—-1.15)
1.11 (0.99-1.25)

REF
1.08 (0.93-1.26)
1.18 (1.02-1.38)
1.15(1.02-1.30)

REF
0.85 (0.71-1.03)
0.96 (0.78-1.18)
0.82 (0.67-1.01)
1.05 (0.85-1.29)
0.99 (0.78-1.25)
1.11 (0.86-1.43)
1.12 (0.91-1.40)

No REF

Yes® 1.04 (0.94-1.16)
Consultation modality

In—person REF

Telemedicine 1.46 (1.27—-1.68)

'For telemedicine cohort: telemedicine clinic at the primary care provider’s office, for in-person
cohort: UCDH

’In patient’s census tract region

*Including movement disorders

4Including fatigue, sleep, vision, infection, neoplasm, behavioral/mental/social, skin, ear/hearing
disorders

*Including neuromuscular conditions such as epilepsy/intractable seizures, malignant conditions
and congenital/genetic conditions
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Table 3. Multivariable odds of visit completion with patient random intercepts

Predictor Adjusted Odds Ratio (95% CI)' P
Consultation modality

In-person REF

Telemedicine 1.57 (1.34-1.83) <0.001
Encounter age in years 0.98 (0.97-0.99) <0.001
Travel time to site of care’ in hours 0.94 (0.90-0.99) 0.01
Insurance status

Private REF

Public/Self-pay/other 0.92 (0.85—1.00) 0.06
Median household income” in dollars

<35,000 REF

35—45,000 1.02 (0.89—-1.19) 0.69

45-60,000 0.99 (0.85-1.14) 0.85

>60,000 1.11 (0.95-1.30) 0.19
Percent with Bachelor’s degree or higher’

<10% REF

10—-15% 1.09 (0.93—1.28) 0.30

15-20% 1.22 (1.03—1.44) 0.02

>20% 1.13 (0.96—1.32) 0.14
Pediatric complex chronic condition

No REF

Yes® 1.02 (0.92—-1.13) 0.73

'From logistic regression models adjusted for consultation modality, time to site of care (hours),
age (years), insurance, median household income, education level, chronic condition presence,
year of visit and patient random intercepts

*For telemedicine cohort: telemedicine clinic at the primary care provider’s office, for in-person
cohort: UCDH

’In patient’s census tract region

*Including neuromuscular conditions such as epilepsy/intractable seizures, malignant conditions
and congenital/genetic conditions
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Table 4. Adjusted odds of visit completion in the telemedicine cohort compared to the in-person
cohort

Presenting diagnoses Adjusted OddszRatio
(95% CI)
Seizures and suspected seizures 1.47 (1.17-1.83)
Developmental delays 1.94 (1.18-3.19)
Headaches and migraine 2.12 (1.08-4.15)
](?isorders affecting the muscle and nerves, including movement 2.19 (1.40-3 47)
isorders
Genetic and congenital 1.99 (1.10-3.58)
Brain injury, damage or degeneration 1.95 (0.72-5.30)
Other” 1.43 (0.76-2.68)
General/non-specific symptoms 0.87 (0.50—1.51)

'From logistic regression models adjusted for consultation modality, age (years), travel time to
site of care (hours), insurance, median household income, education level, presence of a pediatric
complex chronic condition and patient random intercepts

2Including fatigue, sleep, vision, infection, neoplasm, behavioral/mental/social, skin, ear/hearing
disorders
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Table 5. Rates and adjusted odds of visit completion in matched telemedicine and in-person
cohorts

N Visits completed, N (%) Adjusted Odds
Matched factor CO}EE Iir) Ratio'
Telemedicine | In-person P (95% CI)

Time tosite of carein | 150 | 947 (73.1) | 762 (65.0) | <0.001 | 1.66 (1.31-2.10)
minutes

Time to UCDH in
minutes’
'From logistic regression models adjusted for consultation modality, age (years), insurance,
median household income, education level, presence of a pediatric complex chronic condition,
year of visit and patient random intercepts
*Mean travel time to site of care (minutes): telemedicine cohort=22.3 (SD 22.7), in-person
cohort=25.2 (SD 21.2)
*Mean travel time to UCDH (minutes): telemedicine cohort= 153.2 (SD 43.4), in-person
cohort=153.1 (SD 44.0)

598 | 436(72.9) | 353 (60.7) | <0.001 | 2.22 (1.66-2.98)
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Chapter 3
Hospital Utilization Among Children in Underserved Communities Served by Pediatric

Neurology Telemedicine Clinics

ABSTRACT

Background: Telemedicine is increasingly used to provide outpatient pediatric neurology
consultations in underserved communities. While telemedicine clinics have been shown to
improve access for underserved children, little is known whether this results in improved
outcomes. We aimed to evaluate the impact of neurology telemedicine clinics on patients’
utilization of hospital services.

Methods: We identified pediatric patients who obtained outpatient care from a pediatric
neurologist at an academic children’s hospital between January 1, 2009 and July 31, 2017, in-
person and using telemedicine. Demographic and clinical variables were abstracted from
electronic medical records. We evaluated the association between telemedicine versus in-person
models of outpatient neurology care and patients’ utilization of the emergency department and
hospitalizations. We analyzed both all-cause and neurological condition-related hospital
utilization in overall and matched samples using multivariable negative binomial regression.
Results: The telemedicine and in-person cohorts comprised of 378 patients and 3,791 patients,
respectively. The telemedicine cohort was more likely to have non-private insurance, lower
education and lower household income. The telemedicine cohort had a lower risk hospital
encounters overall with an adjusted incident ratio rate (aIRR) of 0.57 (95% CI: 0.38-0.88) for

all-cause encounters and an alRR of 0.60 (95% CI: 0.36-0.99) for neurological encounters. In
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the sample matched on travel time to the neurology clinic, the aIRR was 0.19 (95% CI: 0.04—
0.83) for all-cause admissions and 0.14 (95% CI: 0.02—0.82) for neurological admissions.
Conclusion: Children who obtained outpatient neurology care using telemedicine may have

lower hospital utilization than children who obtained care at the in-person clinics.
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INTRODUCTION

Limited access to outpatient pediatric neurology care can lead to inconsistent management of
patients’ medical conditions and may result in unplanned hospital encounters including visits to
the emergency department or hospital admission.”*>****>% Appropriate access to outpatient care
is hindered by the shortage of pediatric neurologists across the country. It was recently shown
that 20% more pediatric neurologists are needed to fully meet patients’ current clinical needs and
this shortage is projected to persist or worsen in the coming decade.** Confounding these
shortages is the fact that pediatric subspecialty care is very regionalized,”*’ forcing children
with neurological disorders and their families living in rural communities to travel long distances
to see the nearest pediatric neurologist. Such barriers put these children at greater risk of missing
their scheduled medical appointments and receiving less coordinated care.

Real-time telemedicine consultations reduce the time and financial burden of subspecialty
appointments for underserved patients.”*® UC Davis Children’s Hospital (UCDCH) has been
providing outpatient pediatric neurology services through telemedicine to primary care
provider’s offices in underserved communities of California since 2009. In a recent study, we
found that these pediatric neurology telemedicine appointments were more likely to be
completed rather than cancelled or missed (“no-show”) compared to in-person appointments
among a cohort of children with similar demographic characteristics and neurological
conditions.* This and similar studies suggest that outpatient telemedicine models of care can

28,46,84

improve access for underserved populations. However, whether the increased access to

care from telemedicine results in a reduction in hospital encounters such as emergency

department visits or hospital admissions is not well studied.***"°
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To better understand how outpatient telemedicine models of care might impact patients’
utilization of hospital services, we compared the rates of emergency department visits and
hospital admissions at UCDCH between similar cohorts of patients who obtained pediatric
neurology care at remote telemedicine clinics and those who obtained care at the on-site, in-
person outpatient neurology clinics. We hypothesized that patients who received pediatric
neurology care using telemedicine in their local community would have comparable or fewer
hospital encounters than similar patients who receive pediatric neurology care at UCDCH, after

adjusting for clinical and demographic differences.

METHODS

Telemedicine Model: Between 2009 and 2018, the Division of Pediatric Neurology at
UCDCH completed more than 1,000 visits with patients in underserved and rural communities
over telemedicine. Telemedicine consultations have been offered for new and follow-up
appointments at 13 remote sites in northern California. Remote clinic staff and primary care
providers collect each patient’s vitals and history, perform and report a detailed physical exam,
and discuss visit recommendations together with the patient and neurologist. Laboratory test
results (such as electroencephalography) and neurological imaging (such as computer
tomography or magnetic resonance imaging) are faxed, mailed or shared over picture archiving
and communication systems to the pediatric neurologist either prior to or during the appointment.
Live videoconferencing is conducted over turnkey telemedicine codecs with full UCDCH
provider access to remote pan-tilt-zoom capabilities. The pediatric neurologist then documents
the consultation note within UCDCH’s Electronic Health Record (EHR) system, and this note is
either electronically shared or faxed to the remote clinic site. Patients who attended neurology

appointments in these remote telemedicine clinics comprised the telemedicine cohort in this
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study. Patients who attended appointments in the usual care, in-person clinics located on-site at
UCDCH comprised the in-person cohort in the study.

Study Population and Outcome: The study population consisted of patients aged 18
years and younger whose registered home addresses were within UCDCH’s 33-county service
area in Northern California and who completed at least one clinic visit with a UCDCH pediatric
neurologist between January 1, 2009 and July 31, 2017, either over telemedicine or in-person.
We did not include patients who were scheduled but never seen. For each included patient, time
in the study or the observation period during which they were considered to be “at-risk” for a
hospital encounter (emergency department visit or hospital admission) was defined as the time
between the patient’s first completed neurology appointment and the date when the patient
turned 19 years old or July 31, 2017, whichever occurred first. The time in the study for each
patient excluded length of stay at the hospital if the child was hospitalized. Hospital encounters
that occurred within 24 hours of a previous discharge were not counted as an additional
encounter but were instead treated as a single hospital episode. All ED visits were “treat and
release” events as ED encounters resulting in admission were treated as a single hospital
encounter. Hospital encounters that occurred on the same day as the patient’s first completed
outpatient appointment were also excluded to ensure that the outcome was subsequent to the start
of the patient’s observation period in the study.

Data Source and Variables: We abstracted all outpatient data (telemedicine and in-
person) and hospital encounter data (ED visit or hospital admission) from the UCDCH EHR.
Data included demographic variables (age, sex, and insurance status), patient addresses, clinic
location data (including the addresses of the telemedicine clinics), hospital encounter type (ED

visit or hospital admission), date and time of the hospital encounter, length of stay, and encounter
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diagnoses from the UCDCH EHR. It is important to note that there are no other hospitals in the
communities included in our analyses with pediatric inpatient wards and the necessary clinical
staff to care for children with special healthcare needs, including chronic neurological
conditions. Further, we limited our analyses to patients in northern California where there were
no practicing pediatric neurologists. Therefore, we focused our analysis to justify the
assumption that if pediatric patients cared for by UCDCH pediatric neurologists in telemedicine
or in-person clinics needed hospital services, they would be transferred or admitted directly to
UCDCH.

For each patient, we obtained variables from the neurology outpatient clinic data
(telemedicine and in-person), including the total number of outpatient neurology appointments
scheduled, proportion of appointments completed and presenting diagnoses. Sex, insurance
status and patient addresses were assumed to stay constant throughout the study period and their
values were designated as those recorded in the EHR at the time of the data pull. Insurance
status was dichotomized into private (commercial employer-based) and non-private, which
included public insurance (e.g., Medicaid, managed Medicaid), self-pay, and no insurance.
Addresses were geocoded and mapped to U.S. census tracts. Aggregate census tract information
was used to assign patients’ neighborhood median household income and education level
(defined as the proportion of residents with a Bachelor’s degree or higher) using the 2016
American Community Survey’s 5-year estimates.” Geocoded addresses were also used to
estimate patients’ travel times to their outpatient neurology clinic (i.e., the time needed to travel
from the patient’s home to the remote telemedicine clinic for the telemedicine cohort and

UCDCH for the in-person cohort), as well as patients’ travel time to UCDCH (i.e., the time

53

www.manaraa.com



needed to travel from the patient’s home to UCDCH). Travel times were estimated assuming
vehicle speeds under standard traffic conditions using the georoute command in Stata.

ICD-9 codes for up to five encounter diagnoses were used to determine if the hospital encounter
was due to a neurological condition using manual review of codes and applying previously

published criteria available in the literature.® !

If the hospital encounter was associated with a
neurological condition, ICD-9 codes were grouped into clinically relevant categories for
comparison between the cohorts. Since a majority of patients who obtained care in the
neurology clinics did not have any hospital encounters, we also compared patients’ neurology
clinic diagnoses between the cohorts. Additionally, ICD-9 diagnoses codes recorded during
hospital and/or clinic encounters were used to determine whether the patient had a pediatric
complex chronic condition using a previously validated algorithm.®® This algorithm flags
diagnosis codes corresponding to complex chronic conditions among pediatric patients. The
algorithm was developed by clinicians experienced in the care of children with chronic
conditions. They defined a complex chronic condition as “any medical condition that can be
reasonably expected to last at least 12 months (unless death intervenes) and involves either
several different organ systems or one organ system severely enough to require specialty
pediatric care and probably some period of hospitalization in a tertiary care center.” This
algorithm has been widely used in the literature for risk-adjustment and identification of patients
who are likely to have higher healthcare resource utilization. We determined the chronic
condition status of patients who did not have any hospital encounters using their neurology clinic
diagnosis codes.

Statistical Analysis: Simple descriptive statistics were used to characterize study

variables. Univariable and bivariable comparisons were conducted using Student’s t-tests,
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Pearson’s chi-squared tests and Wilcoxon rank sum tests, as appropriate. The primary outcome
variable was hospital encounter rate, calculated as the total number of emergency department
visits and hospital admissions per patient-year. Rates were calculated for hospital encounters
related to any condition (all-cause) and those related to neurological conditions. The primary
independent variable was whether the patient received outpatient care in the telemedicine clinics
or in the in-person clinic. The telemedicine cohort included patients who scheduled one or more
of their outpatient neurology appointments in a telemedicine clinic and the in-person cohort
included patients who scheduled all their neurology appointments in the in-person clinics.

We compared the rate of all-cause and neurological hospital encounters between the
telemedicine and in-person cohorts by estimating the ratio of rates (Incident Rate Ratio, IRR)
using negative binomial regression. The negative binomial model allowed us to account for
over-dispersion in the total number of hospital encounters and was a better fit for our data than
the Poisson model. Patient’s time in the study was used as an offset in the model. Models were
adjusted for confounders including insurance status, median household income, travel time to
UCDCH, presence of a complex chronic condition and outpatient neurology clinic diagnoses.
The confounders were chosen for inclusion in the multivariable model based on a priori
assumptions as well as the associations observed in the descriptive analysis. Outpatient
neurology clinic diagnoses were collapsed into three broad categories based on clinical
association/affinity for inclusion in the multivariable model. In an additional analysis, we
included patient’s outpatient neurology appointment completion rate in the adjusted
multivariable model to determine how much of the differential risk of having a hospital

encounter in the telemedicine cohort was attributable to neurology clinic appointment adherence.
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To check the robustness of our findings, we also evaluated adjusted hospital encounter
rates in matched subsets of the study population. First, we matched the telemedicine and in-
person cohorts on travel time to UCDCH using a caliper of 5 minutes in a 1:1 ratio (without
replacement) to compare the rates among cohorts living in communities far from UCDCH.
Second, we matched the cohorts on travel time to their neurology clinic (remote telemedicine
clinics for the telemedicine cohort and in-person clinics at UCDCH for the in-person cohort)
using the same methodology as above to compare hospital encounter rates among cohorts with
similar access to outpatient neurology care, with respect to travel time. For this analysis, we
limited the limited the outcome to inpatient admissions because ED visits without hospitalization
would be more likely to occur at UCDCH among the in-person cohort.

All analyses were carried out using Stata/SE version 15.1 (College Station, Texas). P-
values <0.05 were considered to be statistically significant. The Institutional Review Board at

UCDCH approved this study.

RESULTS

A total of 4,169 patients with at least one completed appointment with a UC Davis
pediatric neurologist between January 1, 2009 and July 31, 2017 were included in the study. Of
these, 378 (9.1%) were included in the telemedicine cohort and 3,791 patients were included in
the in-person cohort (Table 1). Thirty-nine patients had appointments in both telemedicine and
in-person clinics and were included in the telemedicine cohort. Telemedicine consultation sites
were located at an average travel time of 195.8 minutes [Standard Deviation (SD) 108.0 minutes]
from UCDCH.

As shown in Table 1, patients in the telemedicine cohort were less likely to have private

insurance compared to patients in the in-person cohort (2.1% vs. 36.6%, p<0.001). Patients in
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the telemedicine cohort were also more likely to live in census tracts with a lower median
household income [mean 42.6 (SD 12.6) thousand dollars vs. 69.3 (SD 29.6) thousand dollars;
p<0.001] and lower education level [mean 17.5% (SD 7.4%) college graduates vs. 31.3% (SD
17.9%) college graduates; p<0.001]. The mean travel time to the outpatient neurology clinic was
20.6 minutes (SD 24.4 minutes) for the telemedicine cohort, and 48.0 minutes (SD 52.4 minutes)
for the in-person cohort (p<0.001). In contrast, the travel time to the UCDCH in-person clinic
was 156.0 minutes (SD 33.9 minutes) for the telemedicine cohort. The telemedicine cohort had a
higher neurology clinic appointment completion rate than the in-person cohort, [81.7% (SD
23.5%) vs. 75.7% (SD 25.4%), p<0.001]. On average, patients in the telemedicine cohort were
observed in the study for less time than patients in the in-person cohort [mean 3.6 (SD 2.2) years
vs. 4.5 (SD 2.7) years, p<0.001; Table 1]. There were differences in the distribution of
neurology clinic diagnoses between the cohorts (p<0.001, Table 1), however, the distributions of
patients with complex chronic conditions (Table 1) and neurological hospital diagnoses
(Appendix Table 1) were comparable between the two cohorts.

In terms of hospital encounters, 40 (10.6%, Table 1) telemedicine patients had 77 all-
cause hospital encounters (Table 2) and 28 (7.4%, Table 1) telemedicine patients had 49
neurological hospital encounters (Table 2). In comparison, 1,024 (27.0%, Table 1) in-person
patients had 3,544 all-cause hospital encounters (Table 2) and 473 (12.5%, Table 1) in-person
patients had 1,531 neurological hospital encounters (Table 2). Frequencies and rates of hospital
encounters for each cohort and encounter type are shown in Table 2.

As shown in Table 3, the bivariable all-cause and neurological hospital encounter rate
was lower for patients in the telemedicine cohort compared to patients in the in-person cohort

(Incident Risk Ratio, IRR 0.25, 95% CI: 0.18—0.36 for all-cause encounters; IRR 0.35, 95%CI:
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0.23-0.54 for neurological encounters). The all-cause hospital encounter rate decreased by 41%
(95% CI: 35%-46%) and neurological hospital encounter rate decreased by 32% (95% CI: 24%—
40%) for a one-hour increase in travel time to UCDCH. Rates of hospital encounters were
higher for patients who had non-private insurance compared to those who had private insurance.
Median household income and education level at the census-tract region were inversely
associated with hospital encounter rate. Additionally, we found that hospital encounter rate was
inversely associated with neurology clinic appointment completion [6% (95% CI: 3%—10%)
lower all-cause hospital encounter rate and 10% (95% CI: 6%—14%) lower neurological hospital
encounter rate for a 10% increase in the appointment completion rate].

In the adjusted analysis (Table 4), there were lower rates of hospital encounters in the
telemedicine cohort compared to the in-person cohort (adjusted IRR, aIRR 0.57, 95% CI: 0.38—
0.88 for all-cause encounters; aIRR 0.60, 95% CI: 0.36-0.99 for neurological encounters).
Hospital encounter rates were higher for patients with non-private insurance and were inversely
associated with travel time to UCDCH [42% (95% CI: 34%-48%) lower all-cause hospital
encounter rate and 34% (95% CI: 24%—43%) lower neurological hospital encounter rate for a
one-hour increase in travel time). Rates of neurological hospital encounters were higher for
patients who had a complex chronic condition (aIRR 1.49, 95% CI: 1.10-2.01). Patients who
sought neurology clinic appointments for headaches and other disorders were less likely to have
hospital encounters than those who sought appointments for seizures disorders, developmental
disorders and cerebral impairment (Table 4).

The rate of all-cause hospital encounters in the multivariable model, additionally adjusted
for the percentage of outpatient appointments completed by the patient, was lower among

telemedicine patients compared to in-person patients (alRR 0.59, 95% CI: 0.38-0.90). The rate
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of neurological hospital encounters was lower, but not statistically significant (aIRR 0.63, 95%
CI: 0.38-1.05). Further, completion of outpatient appointments was inversely proportional to the
hospital encounter rates [6% (95% CI: 3%-9%) lower all-cause hospital encounter rate and 9%
(95% CI: 5%—13%) lower neurological encounter rate for a 10% increase in the outpatient
appointments completion rate].

As shown in Appendix Table 2, the time to UCDCH-matched sample comprised of 187
patients in each cohort. Bivariable and adjusted rates of hospital encounters were comparable
between the cohorts. The time to neurology clinic-matched sample comprised of 378 patients in
each cohort. The adjusted rates of all-cause and neurological hospital admissions were lower
among the telemedicine than in-person patients, even after adjusting for insurance status, median
household income, time to UCDCH, presence of a complex chronic condition and clinic
diagnoses and the (alRR 0.19, 95% CI: 0.04—0.83 for all-cause admissions; aIRR 0.14, 95% CI:

0.02—0.82 for neurological admissions).

DISCUSSSION

In this retrospective observational study, we found that the rate of all-cause hospital
encounters was nearly four times lower among children who received pediatric neurology
consultations over telemedicine in their local communities compared to children who received
care by travelling to the academic, urban, in-person pediatric neurology clinic (5.7 versus 20.1
per 100 patient-years, respectively; p<0.001). We also found that the rates of hospital encounters
for neurologic-related reasons were almost twice as low among the telemedicine cohort
compared to the in-person cohort (3.7 versus 8.9 per 100 patient-years, respectively; p<0.001).

Our finding of lower hospital use among the telemedicine cohort remained significant and
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consistent even after adjusting for insurance status, median household income, travel time to
UCDCH, neurology clinic diagnoses and the presence of a complex chronic condition.

Our findings are consistent with previous studies that have found that improving access
to outpatient care may prevent avoidable utilization of hospital services. For example, pediatric
primary care telemedicine at schools and childcare improved access to care and resulted in a
22% reduction in ED use in the telemedicine cohort compared to the control.”® Another study
found that children receiving telemedicine consults from primary care providers as part of a
school-based asthma management program had fewer ED visits than children who did not
receive telemedicine consultations.*® Poor access to outpatient neurology care due to longer than
average wait times was associated with a 7-times higher likelihood of an ED visit, and reducing
wait times by setting up urgent care clinics was associated with a reduction in seizure-related ED

visits for among children.***’

In our study, the lower rate of hospital encounters in the
telemedicine cohort compared to the in-person cohort is in agreement with these findings. As
reported by another study in children, it is possible that outpatient appointments replaced some
hospital encounters of the telemedicine cohort, thus shifting the overall medical utilization of
patients towards outpatient clinics.* However, this was not the case in our study as we did not
find that patients seen over telemedicine scheduled a significantly higher number of outpatient
appointments compared to the in-person cohort.

The lower rate of hospital use in the telemedicine cohort could be attributed to several
factors. For example, the higher completion rate of neurology appointments among this cohort
could contribute to obtaining recommended care, resulting in better management of patients’

medical conditions, which may reduce hospitalizations. We found a significant but small

independent effect of appointment completion on the hospital encounter rate in the adjusted
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analysis. This suggests that other factors also explain the lower hospital use among the
telemedicine cohort. Such factors may include improved care coordination between child’s
primary care provider and neurologist in the telemedicine clinics, which facilitates exchange of
important health information between the providers and parents and broadens the primary care
provider’s knowledge about management of the patient’s neurological condition. The need for
care coordination tends to be higher for children with chronic conditions such as epilepsy and
seizure disorders because these patients often have developmental and mental health

47,70

comorbidities and functional limitations, " making their treatment more appropriate for team-

based care. Moving the system of care closer to a patient’s “medical home” may increase the
quality of the care process, resulting in better outcomes.”'”>

Another explanation for lower hospital use among the telemedicine cohort could be the
higher average travel time to UCDCH for patients that use telemedicine compared to patients
that normally travel to UCDCH for in-person outpatient care. This is intuitive, as patients who
reside further away from UCDCH (i.e. all patients in the telemedicine cohort and a subset of the
patients in the in-person cohort) are likely to seek hospital care at their nearest community
hospital instead of UCDCH. While our multivariable analysis adjusted for travel time to
UCDCH found significantly lower rates of hospital use in the telemedicine cohort, we found
lower but not statistically significant rates of hospital use in the telemedicine cohort among the
travel time to UCDCH-matched patients. It is possible that the non-significance in the travel
time to UCDCH-matched sample was due to the small sample size lacking power to detect a
statistically significant difference. Interestingly, we found lower rates of hospital admissions in

the telemedicine cohort among patients matched on travel time to their outpatient neurology

clinic (telemedicine clinics or in-person clinics at UCDCH).
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Our study has a few limitations. First, there are inherent differences between the cohorts
because patients were not randomized to telemedicine or in-person clinics. However, we
attempted to address this limitation by using a multivariable model to adjust for potential
confounders. Second, because we did not have access to patients’ medical records from other
community hospitals in UCDCH’s service area, some patients might have had hospital
encounters at other hospitals that were not captured in our data. Thus, hospital rates for patients
residing in distant communities could be underestimated in our study. We attempted to address
this limitation by matching the cohorts on time to UCDCH (comparable risk of UCDCH hospital
use) and restricting our comparison to inpatient admissions among patients matched on time to
neurology clinics (comparable access to outpatient neurology care and comparable risk of
admissions at UCDCH). Third, patients were able to obtain telemedicine or in-person
consultations at neurology clinics throughout the observation period for hospital encounters, thus
the outcome did not always temporally follow the exposure. However, in this analysis, our main
exposure was the overall model of outpatient care and not the consultation modality for each
individual outpatient appointment. Fourth, we were not able to determine whether admissions
were planned or unplanned and the results of our study may not extend to patients who were
referred but not scheduled, and patients who were scheduled to see pediatric neurologists but
failed to successfully complete even a single visit. Fifth, we assumed the risk of UCDCH
hospital encounters to be comparable between the matched telemedicine and in-patient cohorts,
however, this assumption would need to be supported with data in future studies. Last, this study
evaluated a subspecialty telemedicine program at a large academic center and these results may
not be generalizable to other telemedicine programs, which might vary in delivery models

(consultative vs. direct care), populations served (adults vs. children), clinical services offered
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(primary care vs. subspecialty) and goal targeted (expanded access vs. reduction in clinic wait
times).

In conclusion, we found lower rates of hospital encounters among children who received
neurology care in their own communities using telemedicine compared to children who received
neurology care in the in-person clinics, even in adjusted analysis and certain matched analyses.
By improving subspecialist availability in underserved communities and enhancing care
coordination between providers, telemedicine may reduce disparities in patients’ receipt of
necessary care and optimize their utilization of hospital services. Our study adds to the limited

but growing body of research confirming the effectiveness of subspecialty telemedicine care for

children in rural communities.
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Table 1. Distribution of baseline characteristics among telemedicine and in-person cohorts

N (%)

Telemedicine, In-person, N
Patient characteristics N (%) (%) P
378 (9.1) 3,791 (90.9)
Age at first encounter in years, mean (SD) 7.4 (5.4) 7.8 (5.1) 0.16
Sex, N (%)
Female 167 (44.2) 1,701 (44.9) 0.80
Male 211 (55.8) 2,090 (55.1) '
Insurance, N (%)
Private 8(2.1) 1,387 (36.6) <0.001
Non-private (public/self-pay/other) 370 (97.9) 2,404 (63.4) '
i\é[]fi%ian household income' in 1,000 dollars, mean 42.6 (12.6) 69.3(29.6) <0.001
fg}gc)ent with Bachelor’s degree or higher,' mean 17.5 (7.4) 313(17.9)  <0.001
;fsr]a__l)\;el time to neurology clinic in minutes, mean 206 (24.4) 48.0 (52.4)  <0.001
Travel time to UCDCH in minutes, mean (SD) 156.0 (33.9) 48.0 (52.4) <0.001
fg}gc)ent of clinic appointments completed, mean 817 (23.5) 757(254)  <0.001
Time in study per patient in years
Mean (SD) 3.6(2.2) 4.5(2.7) <0.001
Median (Q1, Q3) 3.1(1.8,53) 4.6(2.2,7.0)
Patients with a complex chronic condition, N (%)
No 317 (83.9) 3,290 (88.8)
Yes 52 (13.8) 446 (11.8) 0.18
Missing 912.4) 55(1.5)
Neurology clinic diagnosis, N (%)
Seizures and suspected seizures 137 (36.2) 1,120 (29.5)
Developmental disorders 47 (12.4) 594 (15.7)
Headaches and migraine 25 (6.6) 615 (16.2)
Disorders of muscle and nerve’ 48 (12.7) 453 (12.0)
Genetic and congenital disorders 29 (7.7) 192 (5.1) <0.001
Cerebral degeneration, damage or injury 13 (3.4) 160 (4.2)
Other’ 33(8.7) 419 (11.1)
General/non-specific 37 (9.8) 173 (4.5)
Missing 9(2.4) 65 (1.7)
?;Ot)ients with >1 all-cause hospital encounters, N 40 (10.6) 1,024 (27.0) <0001
Patients with >1 neurological hospital encounters, 28 (7.4) 473 (12.5) 0.004

In patient’s census tract region
*Including movement disorders

3Including fatigue, sleep, vision, infection, neoplasm, behavioral/mental/social, skin, ear/hearing

disorders
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Table 2. Hospital encounter frequencies and rates by cohort

. Telemedicine In-person
Hospital encounter type N Rate (95% CI)"2 N Rate (95% CI)'™
All-cause encounters 77 5.7 (3.5-8.0) 3,455 20.1 (18.1-22.1)
ED visits 9 0.7 (0.0-1.4) 1,966 11.4(10.3-12.6)
Hospital admissions 68 5.1(2.9-7.2) 1,489 8.7 (7.5-9.8)
Neurological encounters 49 3.7 (2.0-5.3) 1,531 8.9 (7.8-10.0)

"Number of encounters per 100 patient-years
*Total 1,341.8 patient-years in the cohort
3Total 17,205.6 patient-years in the cohort
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Table 3. Bivariable/unadjusted association of hospital encounter rate with patient factors

Patient factors

All-cause

encounters
IRR' (95% CI)

Neurological

encounters
IRR' (95% CI)

Cohort
In-person
Telemedicine
Age at first encounter in years
Sex, N (%)
Female
Male
Insurance, N (%)
Private
Non-private (public/self-pay/other)
Travel time to neurology clinic in hours
Travel time to UCDCH in hours
Median household income® (per 10,000 dollars)
Bachelor’s degree or higher” (per 10% college
graduates)
Neurology clinic appointments completed, per 10%
Presence of a complex chronic condition
No
Yes
Neurology clinic diagnosis category
Seizures, developmental disorders and cerebral
degeneration/damage/injury
Disorders of the muscle and nerve, genetic and
congenital disorders
Headaches and other disorders’

REF
0.25 (0.18-0.36)
1.00 (0.98-1.01)

REF
1.14 (0.96—1.35)

REF
1.36 (1.14-1.63)
0.65 (0.58-0.72)
0.59 (0.54-0.65)
0.90 (0.88-0.93)

0.85 (0.81-0.89)
0.94 (0.90-0.97)

REF
1.16 (0.90—-1.51)

REF

0.86 (0.68-1.08)
0.53 (0.43-0.64)

0.35(0.23-0.54)
1.01 (0.99-1.03)

REF
1.02 (0.83—1.26)

REF
1.51 (1.20-1.90)
0.75 (0.64—0.85)
0.68 (0.60—0.76)
0.88 (0.85-0.92)

0.80 (0.75-0.84)
0.90 (0.86-0.94)

REF
1.61 (1.19-2.20)

REF

0.72 (0.54-0.95)
0.35 (0.27-0.44)

'Incident Rate Ratio (IRR) from negative binomial regression with patient’s time in the study

(years) as an offset
’In patient’s census tract region

3Including migraine, fatigue, sleep, vision, infection, neoplasm, behavioral/mental/social, skin,

ear/hearing disorders and general symptoms
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Table 4. Multivariable model showing the association of hospital encounter rate with patient

factors
All-cause Neurological
Predictor encounters encounters'
alRR' (95% CI)  aIRR' (95% CI)

Cohort

In-person REF

Telemedicine 0.57 (0.38—0.88) 0.60 (0.36—0.99)
Insurance status

Private REF REF

Non-private (public/self-pay/other)
Median household income” (per 10,000 dollars)
Travel time to UCDCH in hours
Pediatric complex chronic condition
No
Yes
Neurology clinic diagnosis category
Seizures, developmental disorders and cerebral
degeneration/damage/injury
Disorders of the muscle and nerve, genetic and
congenital disorders
Headaches and other disorders’

1.08 (0.89-1.31)
0.89 (0.87-0.92)
0.58 (0.52-0.66)

REF
1.14 (0.88-1.48)

REF

0.93 (0.74-1.16)
0.55 (0.45-0.67)

1.16 (0.91-1.46)
0.88 (0.84-0.91)
0.66 (0.57-0.76)

REF
1.49 (1.10-2.01)

REF

0.75 (0.57-0.99)
0.37 (0.29-0.48)

'Adjusted Incident Rate Ratio (aIRR) from negative binomial regression with patient’s time in
the study (years) as an offset

’In patient’s census tract region
3Including migraine, fatigue, sleep, vision, infection, neoplasm, behavioral/mental/social, skin,

ear/hearing disorders and general symptoms
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APPENDIX

Appendix Table 1. Comparison of diagnosis categories among neurological hospital encounters'

Neurolosical diaenosis cateeo Total, N Telemedicine In-person
curologic ENOSIS category (%) cohort, N (%) cohort, N (%)

Seizures and suspected seizures 768 (48.6) 29 (59.2) 739 (48.3)

Developmental delays and

behavioral/mental/social disorders 190 (12.0) 7(4.3) 183 (12.0)

Other” 178 (11.3) 3(6.1) 175 (11.4)

Disorders affecting the muscle and

nerves, including movement disorders 1500.3) > (102) 1450.3)

Cerebral degeneration and

inflammation, spinal cord 121 (7.7) 2(4.1) 119 (7.8)

inflammation & other brain disorders

Headaches and migraines 99 (6.3) 2(4.1) 97 (6.3)

Intracranial/cerebral/spinal cord injury 74 (4.7) 1(2.0) 73 (4.8)

or damage

Total 1,580 (100) 49 (100) 1,531 (100)

'Overall p=0.60
2Including eye, ear, sleep, head & neck, neuroendocrine, metabolic, nutritional, neoplasm,
device-related complications and genetic/congenital disorders
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SL

Appendix Table 2. Comparison of hospital encounter frequencies and rates in matched telemedicine and in-person patient cohorts

Matched factor
Statist Time to UCDCH in minutes Time outpatieqt neurzc’)310gy clinic in
atistic minutes
Telemedicine In-person Telemedicine In-person
(N=187) (N=187) (N=378) (N=378)
All-cause encounters, N 52 53 68 369
Neurological encounters, N 34 29 47 211
Total person-years in cohort, mean (SD) 744.3 (31.1) 598.2 (37.7) 1,341.8 (42.2) 1,801.2 (51.4)
Hospital encounter rate ratio (95% CI)
All-cause encounters 0.59 (0.27-1.29) REF 0.22 (0.13-0.37) REF
Neurological encounters 0.70 (0.31-1.55) REF 0.26 (0.14-0.47) REF
Adjusted hospital encounter rate ratio* (95% CI)
All-cause encounters 0.58 (0.26—1.30) REF 0.19 (0.04-0.83) REF
Neurological encounters 0.79 (0.33-1.92) REF 0.14 (0.02—-0.82) REF

"Mean travel time to UCDCH (minutes): telemedicine cohort=153.4 (SD 46.7), in-person cohort=153.4 (SD 47.2)

*Mean travel time to neurology clinic (minutes): telemedicine cohort=20.6 (SD 24.4), in-person cohort=23.5 (SD 23.1)

*Inpatient admissions only

*Adjusted insurance status, median household income, travel time to UCDCH (for time to neurology clinic-matched sample only),
presence of a complex chronic condition and neurology clinic diagnosis category
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CONCLUSION

The low numbers and urban clustering of pediatric subspecialists creates barriers to
timely and routine access to care for children in non-urban communities. This can adversely
impact their clinical outcomes, adherence to medical appointments, and hospital utilization. To
address access disparities in its 33-county service area, UC Davis Children’s hospital (UCDCH)
has been providing consultations using telemedicine in nearly 25 different inpatient and
outpatient subspecialties since 1996. In this study, we evaluated the effectiveness of two
subspecialty telemedicine programs; the Pediatric Critical Care Telemedicine Program through
which UCDCH?’s pediatric critical care physicians provide consultations to community EDs, and
the Pediatric Neurology Telemedicine program through which UCDCH’s pediatric neurologists
provide consultations at primary care provider’s offices in rural and underserved communities.

In Chapter 1, we evaluated the impact of pediatric critical care telemedicine on patients’
severity of illness upon presentation to UCDCH’s Pediatric Intensive Care Unit (PICU). Higher
severity of illness is of concern as it may result in higher morbidity, higher mortality and higher
resource utilization. We hypothesized that the telemedicine program would result in better
patient care prior to transfer and lower patients’ severity of illness upon arrival the PICU. We
found that patients transferred from referring, non-pediatric EDs with telemedicine capabilities
were significantly less sick upon arrival to the PICU even after adjusting for confounders,
suggesting more appropriate stabilization of children transferred from EDs with telemedicine
capabilities. Further, among a sub-cohort of children from hospitals that initiated telemedicine
during the study period, those transferred during the post-telemedicine period were significantly
less sick upon arrival to the PICU than those transferred during the pre-telemedicine period. We

also found that standardized mortality ratios (O/E ratios) were lower than 1.0 for children
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admitted from EDs with telemedicine, and higher than 1.0 for children admitted from EDs
without telemedicine. These findings suggest that access to telemedicine consultations with
pediatric critical care specialists during the initial treatment of children in non-pediatric EDs
might offer an opportunity to reduce mortality.

In Chapter 2, we evaluated whether telemedicine improves access to care for underserved
patients by comparing appointment completion between the in-person and telemedicine pediatric
neurology clinics. We hypothesized that patients would be equally or more likely to complete
appointments scheduled over telemedicine as compared to the appointments scheduled in the in-
person clinics. We found that children completed 73% and 65% of their scheduled appointments
in the telemedicine clinics and in-person clinics, respectively. Even after adjusting for
confounders including demographic and clinical differences between patients, the odds of visit
completion were 57% higher in the telemedicine clinics. The adjusted odds of appointment
completion remained higher in the telemedicine cohort after matching on travel time to the site
of care and travel time to UCDCH.

In Chapter 3, we evaluated the impact of the pediatric neurology telemedicine program
on patients’ utilization of hospital services. We hypothesized that patients who received
pediatric neurology care using telemedicine would have comparable or fewer hospital encounters
than similar patients who receive in-person care at UCDCH. We found the rate of all-cause
hospital encounters to be nearly four times lower, and the rate of neurological condition-related
hospital encounters to be almost twice as low among children who received pediatric neurology
consultations over telemedicine in their local communities compared to children who received
care by travelling to the in-person clinic at UCDCH. Our finding of lower hospital use among

the telemedicine cohort remained significant and consistent even after adjusting for confounders.
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To summarize, our results suggest that by improving subspecialist availability and
enhancing care coordination between providers, telemedicine may reduce disparities in patients’
receipt of necessary care, improve clinical outcomes, enhance appointment adherence and reduce
the utilization of hospital services. Our study adds to the limited but growing body of research
confirming the effectiveness of subspecialty telemedicine care for children in rural and
underserved communities. Future studies should evaluate the effectiveness of telemedicine using
a randomized control design to minimize confounding bias in the association measures.
Specifically, future studies for Chapter 1 should analyze outcomes associated with telemedicine
when consultations are provided at the patient-level. For Chapter 2, future studies should
investigate the specific reasons for higher appointment completion in telemedicine clinics
compared to in-person clinics among similar, access-matched patients. For Chapter 3, a future
study should include encounters of UCDCH neurology clinic patients (telemedicine and in-

person) at all hospitals in the region.
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