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A B S T R A C T

The COVID-19 pandemic has caused an explosive adoption of telehealth in pediatrics . How-

ever, there remains substantial variation in evaluation methods and measures of these pro-

grams despite introduction of measurement frameworks in the last five years. In addition,

for neonatal health care, assessing a telehealth programmust measure its benefits and costs

for four stakeholder groups � patients, providers, healthcare system, and payers. Because of

differences in their role within the health system, each group's calculation of telehealth's

value may align or not with one another, depending on how it is being used. Therefore, a

common mental model for determining value is critical in order to use telehealth in ways

that produce win-win situations for most if not all four stakeholder groups. In this chapter,

we present important principles and concepts from previously published frameworks to pro-

pose an approach to telehealth evaluation that can be used for perinatal health. Such a

framework will then drive future development and implementation of telehealth programs

to provide value for all relevant stakeholders in a perinatal health care system.

� 2021 Elsevier Inc. All rights reserved.
A R T I C L E I N F O
Models to assess telehealth programs

Several models for measuring telehealth have been pub-

lished, most cited of which are from the National Quality

Forum and World Health Organization. These frameworks

focus predominantly on health care quality domains instead

of health outcomes and have not been applied to perinatal

health. An evaluation toolkit developed by Supporting Pediat-

ric Research in Outcomes and Utilization of Telehealth

(SPROUT) reorganizes these measure concepts into a health

outcomes centric model. Specific information about each

framework is discussed below.
reported work was perfor

.

ved.
National quality forum

The national quality forum's Telehealth Measurement Frame-

work.1 is a comprehensive review that identified existing

measures and measurement concepts, organizing them into

four domains (with subdomains): Access to care, Financial

impact/cost, Experience, and Effectiveness. Access refers to

the ability of patient, caregivers, and family members to

receive care from the providing team and exchange relevant

clinical information. Financial impact/cost effects are those

affecting patient/family, care team, health system, payer and

society. Experience refers to the usability and effect of
med at Children's Hospital of Philadelphia, Philadelphia, PA, USA.
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telehealth on patient/family, care team member, and com-

munity and whether the care meets expectations. Effective-

ness is measured at the system, clinical, operational and

technical level in which health outcome is under the subdo-

main of clinical effectiveness. Across these domains, the NQF

further defines 53 measure concepts in six key areas: travel,

timeliness of care, actionable information, added value to

provide evidence based best practices, patient empowerment

and care coordination.

The NQF framework explains how to develop measures

that predominately focus on evaluating telehealth's ability to

deliver high quality healthcare. Importantly, it emphasizes

the perspectives from four stakeholder groups (patient, care

team, health system, payers) as well as the need to under-

stand the impact of a telehealth program on the community.

However, safety is included only as a patient experience and

not as a health system factor. While health outcome is

included in the clinical effectiveness section, it is not an

essential part of evaluating any telehealth initiatives. In their

appendices, the authors provide a comprehensive list of mea-

sure concepts that are mostly adult related, but nevertheless

exemplifies how perinatal measures could potentially be

derived.
Fig. 1 –STEM - Health Outcomes centric Telehealth Evalua-

tion Framework.
World Health Organization

In 2016, the World Health Organization (WHO) with several

collaborators, offered a measurement strategy that differenti-

ates “monitoring” as measuring functionality, fidelity, stabil-

ity, and quality of the telehealth system from:”evaluation” as

measuring usability, feasibility, efficacy, effectiveness, and

economic/financial effects of the telehealth system.2 In addi-

tion, the WHO recommended that evaluators consider the

technology's implementation stage (concept, prototype, pilot,

demonstration, scale-up, integration/sustainability) when

deciding on which measurement area(s) to focus on. During

prototype and pilot stages of a new telemedicine program,

assessment focuses on whether the system is:

- Functional: meet technical specifications.

- Feasible: works as intended in a given context.

- Stable: have acceptable technical failure rates during nor-

mal and peak use.

- Usable: can be used as intended by users.

As programs mature, it becomes relevant to assess whether

users in the field can consistently accomplish the stated

objectives (fidelity) and whether the intervention's quality

level is able to yield the intended outcomes. At the scale-up/

integration implementation stage, evaluators can study

whether the system demonstrates measureable impact to

processes and outcomes (efficacy), and how close is the user

able to reach best or potentially better practice standards

using the system in the field (effectiveness). Relative to these

measures, quantifying cost and resource expenditures would

also be important.3

While the WHO model has the advantage of offering pro-

grams an evaluation roadmap from inception to scale, like

the NQF, it focuses mainly on telehealth use in the adult
setting. Furthermore, it does not emphasize tracking health

outcomes until later in the implementation cycle. We suggest

that evaluators should clearly identify and articulate the clin-

ical health outcomes potentially affected by telehealth at the

prototype stage, even if these outcomes are measures that

may take time to change or are dependent on other non-tele-

health factors. This recommendation comes from the experi-

ence that system changes like telehealth implementation is

costly and therefore, it is not enough to identify how healthcare

delivery will be better, but also which healthcare outcomes we hope

to improve.

A 2016 AHRQ systematic review illustrated the critical

connections between telehealth interventions and clinical

outcomes.4 Filtering over 1400 citations, the authors sum-

marized 58 systematic reviews and reported the level of

evidence on association between telehealth use and out-

comes such as mortality, quality of life, and reductions in

hospital admissions. Telehealth use included communica-

tion, counseling, and monitoring of chronic conditions

such as cardiovascular and respiratory disease. However,

in the area of maternal and child health, the authors con-

cluded that while there could be enough primary studies to

constitute some evidence (e.g. showing no benefit for home

uterine monitoring), additional studies and systematic

reviews are warranted.
Combining measurement frameworks to evaluate
telehealth's impact in perinatal health

The American Academy of Pediatrics Section on Telehealth

Care's SPROUT has combined the invaluable work of organi-

zations described above with its member expertise into a

toolkit called SPROUT Telehealth Evaluation and Measure-

ment (STEM).5 STEM's four measurement domains: (1) health

outcomes, (2) health delivery - quality and cost, (3) experi-

ence, and (4) program implementation and key performance

indicators (KPIs) cover themes that are relevant to all four

stakeholder groups in varying degrees (Fig. 1).

STEM's first domain, health outcomes, is arguably the most

critical one because these measures represent the end goal of



TAGGEDENDS E M I N A R S I N P E R I N A T O L O G Y 4 5 ( 2 0 2 1 ) 1 5 1 4 2 9 3
all efforts to deliver high quality healthcare � to make

patients healthier.

This domain includes clinical measures of individual or

populations, many of which are already collected in large

neonatal data registries such as the Vermont Oxford Network

(VON) and the Children's Hospitals Neonatal Database

(CHND).24,25 The National Quality Forum and Center for Medi-

care and Medicaid Services endorses a few of these measures

related to neonatal infection and perinatal complications.6

This domain also includes mental health measures such as

anxiety, depression, and stress (i.e., Center for Epidemiologic

Studies Depression Scale, Impact of event Scale � Revised,

NICU Parental Stress Scale, Patient reported outcomes) as

well as assessment of burnout in providers.7,26�28

Metrics associated with the provision of healthcare services

are in the second domain � the quality and cost of healthcare

delivery. This domain includes most of the National Academy

of Medicine's quality constructs (safety, timeliness, patient

centeredness, effectiveness, equity).29 plus cost/resource bur-

den measures. Most of NQF's domains and subdomains map

onto STEM's second domain. Examples include percent of

pregnant mothers receiving timely prenatal care, percent of

mothers who got education on breastfeeding, referral and

completed visit rate to high-risk obstetricians when needed,

access to mental health wellness programs during the perina-

tal and postpartum period, number of safety issues encoun-

tered per patient treated. Other examples look at the timely

access to pediatric subspecialists and how to deliver best

equitable practices via tele-consultation, tele-coaching and

tele-training. Such compliance with “clinical pathways” has

recently been trackable through monitoring of electronic

order set usage.8 and HL-7 formated message exchanged in

hospital information systems.9

It is important to measure costs in dollars and resource

expenditures of a tele-resuscitation or teleconsultation pro-

gram for both, the originating (location of patient) and remote

(location of consultant(s) sites. The cost/savings impact of tel-

ehealth encounters includes miles spent or saved, cost

incurred or avoided, and workdays and school days lost or

gained for caregivers and providers. Assessing safety events

can be tracked through the hospital's existing safety reporting

systems and quality/safety departments.

Measures of equity and related social determinates of

health are increasingly important, as COVID-19 has uncov-

ered wide gaps in technology penetrance in underserved
Table 1 – Summary of NQF andWHO Domains and Subdomain

Domain/ Subdomain

NQF WHO Prototype P

Monitoring Functionality x
Stability x
Fidelity x

Evaluation Feasibility x
x Efficacy x
x Effectiveness

x Access to Care x
x Financial Impact / Cost x
x Usability and Experience x x
populations.10 Variables to track include caregiver's ethnicity,

race, gender, language preference, payer mix, census-based

markers like the social vulnerability index,30 and social deter-

minates. Understanding associations between disparities and

health outcomes, delivery quality and cost is critical to ensur-

ing that all patients can benefit from judicious implementa-

tion of telemedicine.11

To make telemedicine systems more effective in delivering

better care and health outcomes, implementers need to under-

stand the provider and patient/family's experiences. STEM's

third domain measures the individual experience and the logis-

tical impact/changes these encounters have on their daily lives.

Published assessment tools such as the Telehealth Usability

Questionnaire, Patient Assessment on Communication in Tele-

medicine (PACT), TSUQ, and Net Promoter Score administered

to NICU parents and providers can assess the usability of tech-

nology, satisfactionwith the communication between providers

and patient, and likelihood of recommendation.12�15

The Fourth domain encompasses Key Performance Meas-

ures that describe the operational aspects of the Telehealth

program � number of video visits or tele-resuscitation ses-

sions, number and type of technology issues, types of condi-

tions addressed, number of patients enrolled, the size of the

telehealth network and number of partnering institutions,

operational costs and staffing expenditures. These measures

are typically important towards the enterprise's overall stra-

tegic and budget; therefore, they can overlap with measures

in other domains � e.g., cost effective analyses (domain 2)

and KPI's (domain 4).

When assessing a particular telehealth program/initiative,

telehealth evaluators are encouraged to identify 1,2 measures

assignable to each STEM domain. While many measures of

clinical outcomes and health delivery quality and cost offers

objective data points and can be found in existing data sour-

ces, they should undergo statistical testing for reliability and

validity. Likewise, surveys asking for individual opinions,

experiences and preferences can yield rich subjective data but

must be carefully distributed and worded to mitigate sampling

and responder bias. Stakeholders can use data differently and

people's perception and relative value of this information may

alter their benefits to costs analysis. Understanding what dif-

ferent stakeholders perceive to be telehealth's benefits and

cost can help implement telehealth more effectively.

To illustrate, Table 1 shows how to use the STEM toolkit

table for two perinatal telemedicine interventions; (1)
s.

Maturity Stage of Telehealth Program

ilot Demonstration Scale-up Integration/Sustainability

x x x

x x x
x x x
x x x
x x x
x x x



Fig. 2 –Drivers Diagram for Neonatal Teleresuscitation.
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teleconsultation for newborn resuscitation in community

hospitals and (2) post discharge video visits to patient homes.

The intervention column describes each telehealth interven-

tion. The data capture method is stated beneath each domain

to highlight the importance of identifying reliable data sour-

ces early in the evaluation planning process. The domain one

column defines the health outcomes belonging to each inter-

vention - in our examples they are, respectively, first NICU

admission temperature and average weight gain within six

months after discharge. The domain 2 column states the

health delivery quality/cost measures. For tele-resuscitation,

adherence with a neonatal resuscitation practice pathway to

manage airway emergencies (called MRSOPA.16) may be mea-

sured by video recording review. For post discharge video vis-

its, healthcare utilization and safety catches may be

monitored by the electronic medical record and locally used

safety reporting systems. The domain three column describes

the attitude and experience of patient, caregiver, provider,

and other stakeholder towards the telemedicine process,

including appointment scheduling, technology's usability,

and satisfaction with the encounter. The last domain, pro-

gram key performance indicators (KPI), describes summary

statistics that are important to the hospital administration,

such as encounter completion rates, incidence of technical

issues, average cost to sustain the program, and benchmarks

with other similar telemedicine programs. Once the team has

defined the STEM dataset variables for the telemedicine inter-

vention, they can assess equity by measuring and comparing

the variables amongst different disparity cohorts. In the post

discharge video visit example, weight gain, readmissions,

and patient satisfaction may be compared between patient

cohorts living in areas with high and low social vulnerability

indices.17
Applying stem to QI

The telemedicine implementer's dilemma is often deciding

how best to integrate telemedicine into existing workflows in

ways that would lead to better and measurable health out-

comes and delivery quality. The driver diagram is a powerful

quality improvement tool that links SMART aims (Specific,

Measurable, Attainable, Relevant and Time-bounded) with

interventions that can achieve those aims.18 Health outcomes

are often measures that may not improve immediately

whereas healthcare quality measures can be improved more
quickly and therefore make good targets of SMART aims.

STEM's domain two (Healthcare quality and cost) and three

(Individual Experience) aligns nicely with what is typically

measured in a QI project. In the tele-resuscitation example

(Fig. 2), the health outcomes are neonatal morbidity and mor-

tality rates while the SMART aim is “Achieve 95% concor-

dance with neonatal resuscitation steps in community

nurseries that are not staffed by neonatologists within 12

months.” This drivers diagram, best constructed by a stake-

holder group composed of neonatal and obstetric clinicians,

nurses, local physicians and respiratory therapists, identified

its key drivers to be (1) resuscitation team having necessary

skills and knowledge of best practice, (2) availability of expert

consultants, and (3) teamwork. Note that up to this point, the

SMART aim and drivers are not linked to telemedicine. The next

steps are where the team identifies telemedicine interventions

that could help accomplish the stated drivers and explain

how each intervention benefits the baby being resuscitated.

These benefits mapped back onto STEM domains/subdo-

mains, completing the link from the main health outcome to

interventions and STEM.
Assessment of telehealth value requires
understanding of its stakeholders

The value equation can be summarized as benefits over costs

where benefits are variables that add value when they

increase, and costs are variables that lower value when they

increase. Examples of “benefit” variables are measurements

of quality, efficacy and safety in telemedicine care while

examples of cost are resource usage and dollars spent deliver-

ing care.19

Differences in value perspective from each stakeholder

type (patient and family, provider, health system, payor, and

policymaker) could result in synergistic or oppositional levels

of support for a telemedicine intervention. Sometimes

patients and providers are placed in conflict with non-clinical

stakeholders - a conflict that has shown itself in situations

where payers believe that a treatment's costs outweigh its

benefits, such as bone marrow transplantation for treatment-

resistant breast cancer or coverage of antiviral treatment for

hepatitis C, but other stakeholders such as patients and pro-

viders disagree. The ability for stakeholders to view and

understand each other's value perspectives is needed to cre-

ate a better health care delivery system.
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Patient and family

To parents, high value healthcare not only includes better

clinical health of their babies, but also seeing relief of their

baby's pain,20 effective communication from care teams to

them and with each other,21 greater closeness and bonding

with their baby,22 among others. These factors are counter-

balanced by higher out of pocket healthcare expenditures,

loss of work or school days, and medical harm. Often, parents

do not consider their own wellbeing to be part of the “high

value healthcare” of their child.
Provider

To perinatal providers, high value healthcare would include

maternal and neonatal outcomes and the health of the care-

givers like stress and anxiety. Helping caregivers cope with

the psychological effects of having a baby in the NICU could

help the child's long-term outcomes because higher levels of

maternal stress have been associated with receptive language

and adjustment problems at four years old.23 Other high

value factors to providers include the system's ability to help

them deliver best and safer care, and higher reimbursement

rates. In contrast, variables that lower healthcare value

include waste (i.e., excessive waiting time, inefficiencies in

process and workflows, defective equipment), avoidable

readmissions andmedical errors.
Health system

To health systems, a high value perinatal program typically

shows improving neonatal outcome rates over time and com-

parable or better benchmarking with similar programs.

Higher payer reimbursement rates are valuable to the health

system and supports ancillary services like laboratory and

diagnostic suites, other clinical services that often consult in
Table 2 – STEMMeasurement Domains applied to Perinatal He

Teleconsultation for Newborn Resuscitatio

community hospitals

Measure Data Source

Domain 1

Physical or Mental

Health Outcomes

Hypothermia � # of 1st

NICU admission Tem-

perature < 36 °c (NQF)

EMR record

Domain 2

Health Delivery

Quality and Cost

Effectiveness - Compli-

ance with Delivery

Room Resuscitation

Best Practice

(MRSOPA)

Direct Observati

video recordin

Domain 3

Patient/Provider

Experience

Community hospital

care team satisfaction

with Tele-Resuscita-

tion consultation

Telehealth Usab

Questionnaire

Domain 4

Program KPIs

- # of video visits/month
- Average # technical
issues

- Implementation cost
Staffing needs

EMR, Issues trac
the NICU like genetics and pulmonary as well as research and

innovation. Variables that lower value are higher operational

cost, waste, and medical errors. Whether avoidable readmis-

sions are a bottom-line cost or benefit to health systems

depends on whether their payer contracts impose penalties

or not.
Payer

To payers, a high value perinatal program is typically one that

delivers the best neonatal and maternal outcomes for its plan

members at the lowest monetary cost. This rather cynical

view has merit because it drives more efficient and effective

evidence-based health care. The Center for Medicare and

Medicaid Services and commercial payers are becoming pro-

ponents of value-based reimbursement models where pro-

viders are paid depending on patient outcomes rather than

on volume of procedures completed. A result of this has been

bundled payments that include payment for performance of

quality measures such as postpartum visit rates, where

health systems are responsible for cost management but still

incentivized to adhere to best practices. To a degree, such

strategies help align the value equation between payers,

health systems/providers, and patients such that, for exam-

ple, higher avoidable readmissions become a cost to all stake-

holders. However, implementation will only be successful

when such strategies are created and executed through col-

laboration with all stakeholders making their value equations

transparent.
Lawmaker

Lawmakers are critical stakeholders who can enact laws and

regulations that drive provision of high-quality healthcare.

Their role in this system highlights the impact health care

systems have on communities and society. Examples include
alth.

n to Post Discharge Video Visits for babies with NG tube

feeds

Measure Data Source

Weight Gain trends

over 6 months post

discharge

EMR record

on,

g review

Healthcare utilization -

Readmissions pre-

vented by video visits),

NICU length of stay

Safety � number of

safety risks detected

EMR, safety reporting

system

ility Patient satisfaction with

video visits and inter-

action with care team

Patient Assessment of

Communication of

Telehealth (PACT)

questionnaire

king - # of video visits/month
- Average # technical
issues

- Implementation cost
- Staffing needs

EMR, Issues tracking
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those listed by the CDC's community health status indicators

(i.e., no care in first trimester, infant mortality disparities).

Lawmakers could be concerned with how health care provi-

sions impact unemployment rates, and school attendance

rates in the community.
Conclusion

In conclusion, telehealth is a health delivery tool offering

opportunities to improve neonatal outcome and care deliv-

ery. A standard approach to evaluating neonatal telehealth

programs would allow data to be aggregated across multiple

health systems, making studies of rare conditions and com-

parisons of different locations and methods for delivering

services via telehealth possible. STEM offers a construct to

define and organize telehealth measures in terms of health

outcomes, health delivery quality and costs, individual expe-

riences, and program implementation and benchmarks.

When evaluating neonatal telemedicine use, stakeholders

and program directors should undertake efforts to identify

actionable measures under each domain (Table 2).
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