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A B S T R A C T

Introduction: Comprehensive transitions of care, reduce dangerous hospital readmissions. Telehealth offers
promise, however few guidelines aid clinicians in introducing it in a feasible way while addressing the needs of a
multi-comorbid population. Physician adoptability remains a significant barrier to the use of Telehealth due to
data overload, concerns for disruptive workflows and uncertain practices. The methods proposed aid clinicians
in implementing Telehealth training and research with limited resources to reach patients who need clinical
surveillance most. This study introduces a new workflow for addressing tele-transitions of care, using risk
stratification, remote patient monitoring, and patient-centered virtual visits. We propose a new communication
tool which facilitates adoption. We take a clinically meaningful approach in assessing avoidable hospital
readmissions, which can lead to further quality improvements and improved patient care.
Methods: This study design is a parallel-group, superiority, randomized controlled trial in which 180 patients are
enrolled in the standard of care or Telehealth arms and evaluated for 30-days post hospitalization. The
Telehealth group receives daily vitals surveillance with a "teledoc", a senior resident physician, who performs
weekly virtual visits. The endpoint is 30-day hospital readmission. Patient data is collected on hospital utili-
zation, patient self-management, physician and patient experience.
Discussion: Our protocol introduces a novel study design with existing clinical trainees, to provide compre-
hensive tele-transitions of care to reduce avoidable readmissions.

1. Introduction

Telehealth offers great promise in addressing the triple aim objec-
tives [1], while helping reduce avoidable readmissions. In the advent of
new data sources and technologies, clinical practice must evolve to
ensure high patient satisfaction and quality care. The first 30 days after
hospital discharge offers an important opportunity for telehealth in-
tervention allowing for daily surveillance of vitals, weekly virtual visits
and review of all available electronic data [2]. This practice of Tele-
medicine may potentially reduce dangerous adverse events through
improved patient–provider communication, medicine reconciliation,
patient education, and assurance of patient hemodynamic stability.
Many Telehealth studies thus far, have had inconsistent findings in
regards telemedicine's impact on readmissions [3–8]. The lack of evi-
dence is likely due to the paucity of studies, the lack of standardization
in telehealth interventions, as well as a focus on evaluation of telehealth

to reduce all cause readmissions for a subgroup of patients with a
specific admission diagnosis [9]. We propose, that Telehealth, as pri-
marily a tool of surveillance and communication, should be evaluated
for patients with multiple co-morbidities, with a primary outcome of
avoidable readmissions. Avoidable readmission is defined as a hospital
readmission due to violation of evidenced based Transitions of Care
notably 1) medication error 2) lack of clinical follow up 3) lack of
appropriate response to clinical “red flags” and 4) lack of appropriate
patient-centered documentation or the HIE. It is clear from published
studies that preventable readmissions are due to failure of overall
clinical management, not simply admission diagnosis management [10]
and that Telehealth, has the most beneficial impact on mixed chronic
conditions, using multi-function interventions [7,9].

The aim of this paper is to share our research and clinical processes,
to help overcome the barrier to the adoption of telemedicine practice
and research [11–13]. We introduce a feasible, replicable approach
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using clinical trainees and direct involvement of the patient's primary
care provider (PCP). This protocol follows the SPIRIT guidelines to
establish a transparent, thorough and guideline based study metho-
dology [14]. The results of this trial will be disseminated by publication
in peer reviewed medical journals, conference presentations, national
meetings and with faculty, staff and the patients studied.

2. Objective

Our objective is to provide reliable evidence as to whether
Telehealth interventions using remote patient monitoring, weekly vir-
tual visits and access to the HIE, will reduce avoidable readmissions in
comparison to standard of care.

3. Overview

This trial was a 12-month, parallel-group, superiority randomized
controlled trial to evaluate the effect of Telehealth on avoidable read-
missions. 180 multi-comorbid patients who fulfilled the eligibility cri-
teria, were randomized to receive either Telehealth or Standard of Care
(Table 1). The standard of care upon hospital discharge, was the pro-
vision of a discharge summary and patient instructions encouraging
follow up with the PCP within 7–14 days and scheduled specialist ap-
pointments as indicated. A clinical summary with detailed instructions
were provided by the discharge nurse. The Telehealth intervention in-
volved the provision of a smart phone device and Bluetooth-enabled
blood pressure monitoring cuff, weighing scale, and pulse oximeter
(Fig. 1). Telehealth patients measured their vitals daily using the tele-

equipment and had weekly virtual visits with a transition of care phy-
sician (teledoc). Upon consent, patients participated in the trial for the
length of thirty (30) days following hospital discharge. The teledoc in
this trial, was a senior resident physician of the family, population and
preventive medical division. The virtual visits and remote monitoring
was performed by the resident who, in turn, reported the patient status
to the PCP. The role of the teledoc can be fulfilled by a trained resident,
fellow, nurse-practitioner or a primary care physician.

The intervention began two days after hospital discharge, when the
patient received the delivered “tele-kit” and began daily vitals. The
teledoc then began once daily surveillance of vitals, conducted weekly
virtual visits, and wrote detailed Electronic Medical Record (EMR)
documentation with the use of validated risk stratification measures
[15,16] as well as data from the HIE.

We hypothesized that in comparison to the “standard care” that:

1. Preventable hospital readmissions will be reduced through patient
centered virtual visits, daily biometric surveillance, and increased
data access.

2. Patient satisfaction during the transition of care period will be im-
proved

3. Adverse healthcare outcomes will be reduced

The primary outcome of the study was to determine the effect of
telehealth on avoidable hospital readmissions within 30 days of the
index hospitalization discharge as defined by clinical review of two
independent physicians according to the definition aforementioned, as
well as calculation of overall unplanned hospital readmission. In

Table 1
World health organization trial registration data set.

Data category Information

Primary registry and trial identifying
number

ClinicalTrials.gov
NCT03528850

Date of registration in primary registry 18 May 2018
Secondary identifying numbers IRB 970227
Source of monetary or material support Stony Brook Medicine Information Technology
Primary sponsor Stony Brook Medicine Information Technology
Secondary sponsor(s) None
Contact for public queries Kimberly Noel, MD, MPH Phone: [631 638 7949] Email: [Kimberly.Noel@StonyBrookmedicine.edu]
Contact for scientific queries Kimberly Noel, MD, MPH

Stony Brook Medicine, Stony Brook, New York, United States
Public title Stony Brook Telehealth Trial
Scientific title Stony Brook Telehealth Study. Tele-transitions of Care. An Approach to Reduce 30-day Readmission Using Tele-Health Technology;

A Randomized Controlled Trial
Countries of recruitment United States
Health condition(s) or problem(s) studied Multi-comorbid disease in the Post-hospitalization period
Intervention(s) Telehealth: 30 days Biometric Surveillance of blood pressure, heart rate, oxygen saturation and weight. Weekly virtual visits with a

telehealth physician and weekly surveys during the 30 day period.
Key inclusion and exclusion criteria Inclusion criteria: adult patients (≥30 years), patients hospitalized and discharged to the care of the Family Medicine clinical

practices from Stony Brook University Hospital, patients able to provide consent for their own care, English speakers (able to
comprehend and speak English), patients with good cognitive function (as evidence by ability to answer a mild cognitive screen
(age, telephone, current date, name of facility), patients living within reasonable commute to the Family Medical Group clinics,
patients with a life expectancy greater than 6 months, patients with a clinical disposition to home after hospital discharge, patients
that are able to turn on the telehealth technology and follow prompts. Patients with two or more diseases
Exclusion criteria: Uninsured patients, Patients whose physical limitations prohibit the use of the telehealth equipment, Patients
involved in another research study, Pregnant patients (patients actively trying to conceive), Admission for a psychiatric primary
diagnosis

Study type Interventional
Allocation: randomized
Intervention model: parallel assignment
Masking: None Primary purpose: prevention

Date of first enrollment June 1, 2017
Target sample size 180
Recruitment status Recruiting
Primary outcome(s) Readmissions (HIE and Electronic Medical Record Data)
Key secondary outcomes Emergency Department Utilization (Electronic Medical Record data), Patient Satisfaction (Survey data), Medication Adherence

(Patient Self Report), Biometric Reading Adherence (Vendor Portal Data), Adverse Health Events (Physician Survey), Physician
Satisfaction (Physician Survey)

Ethics Review IRB Approved Trial, 970227 Date of Approval Date: 02/06/2017
Completion Date June 1, 2018
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addition, we have collected data in order to provide secondary analyses
on the effect of telehealth on emergency department utilization, patient
satisfaction, qualitative patient and physician experience, patient self-
management and self-efficacy attitudes (Table 1).

4. Setting

This study was performed at Stony Brook Medicine, which is a 603-
bed teaching institution on the northern part of Long Island, New York.
The hospital mostly services the population of Suffolk County with an
annual admission of 31,715 patients. Less than one percent of all ad-
missions are uninsured. The family medicine department is serviced by
two clinics with 16 Family medicine primary care providers. The
practice serves 32,000 patients annually, and currently does not serve
uninsured patients (whom are referred to our affiliated FQHCs and our
free student run clinic not officially part of the Family Medicine prac-
tice).

5. Inclusion/Exclusion criteria

Inclusion criteria: adult patients (≥30 years), patients hospitalized
and discharged to the care of the Family Medicine clinical practices
from Stony Brook University Hospital, patients able to provide consent
for their own care, English speakers (able to comprehend and speak
English), patients with good cognitive function (as evidence by ability
to answer a mild cognitive screen (age, telephone, current date, name of
facility), patients living within reasonable commute to the Family

Medical Group clinics, patients with a life expectancy greater than 6
months, patients with a clinical disposition to home after hospital dis-
charge, patients that are able to turn on the telehealth technology and
follow prompts. Patients with two or more diseases.

Exclusion criteria: Uninsured patients, Patients whose physical
limitations prohibit the use of the telehealth equipment, Patients in-
volved in another research study, Pregnant patients (patients actively
trying to conceive), Admission for a psychiatric primary diagnosis.

6. Data collection

Study data was collected and managed using REDCap [17] elec-
tronic data capture tools hosted at Stony Brook Medicine. REDCap
(Research Electronic Data Capture) is a secure, web-based application
designed to support data capture for research studies, providing: 1) an
intuitive interface for validated data entry; 2) audit trails for tracking
data manipulation and export procedures; 3) automated export proce-
dures for seamless data downloads to common statistical packages; and
4) procedures for importing data from external sources. REDCap soft-
ware allowed the team to seamlessly incorporate a randomization
schema in the process of enrollment. After meeting the inclusion cri-
teria, the software followed a schema unknown to the researcher to
randomly select consented participants into appropriate arms of the
trial.

Fig. 1. Telemedicine devices.
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7. Data analysis

All analyses will be performed a with a per protocol population,
which is having conducted 30-day survey. We will use chi-squared test
for binary outcomes, and T-test/Wilcoxon rank sum test for continuous
outcomes. Multivariable analyses will be based on logistic regression
for binary outcomes and linear regression for continuous outcomes. We
will examine the residual to assess model assumptions and goodness-of-
fit. For timed endpoints such as readmission we will use the Kaplan-
Meier survival analysis followed by multivariable Cox proportional
hazards model for adjusting for baseline variables. We will calculate
Relative Risk (RR) and RR Reductions (RRR) with corresponding 95%
confidence intervals to compare dichotomous variables, and difference
in medians will be used for additional analysis of continuous variables.
P-values will be reported to four decimal places with p-values less than
0.001 reported as p < 0.001. Up-to-date versions of SAS (Cary, NC)
and SPSS (Chicago, IL) will be used to conduct analyses. For all tests, we
will use 2-sided p-values. We will use the Bonferroni method to ap-
propriately adjust the overall level of significance for multiple primary
outcomes, and secondary outcomes.

8. Ethics/Approval to Participate/Data confidentiality and access

Patient data security has been of utmost importance due to potential
risks of utilizing audio-visual technology in medical practice. Data
collection, transmission and storage have been tested and approved by
institution's specialists in Information Technologies and Biomedical
Informatics.

Furthermore, the Stony Brook University School of Medicine
Institutional Review Board (IRB) reviewed and approved this study
(970227) to ensure protection of human subjects in this study. The data
is stored and secured in the EMR, and a HIPAA compliant database
provided by the telehealth vendor, as well as in REDCap. All smart-
phones are password protected, allowing only the patients and their
caregivers to access the phone. Transmitted data includes only study
identifiers, and all documentation is conducted in the EMR. All data
security measures are outlined in all recruitment and consent materials.

9. Patient enrollment

Patient enrollment and randomization occurred at the bedside
(Table 2). All patients were consented for the HIE in addition to the
trial, and were risk stratified though an EMR data based validated al-
gorithm. The care management team was notified of all study partici-
pants in order to inform the telehealth team of hospital discharge. Upon

hospital discharge the patient received the telehealth equipment by a
vendor service to their home within 48 h.

10. Randomization

Computer-generated random number allocation sequence was used
with a block size of 3 to reduce predictability of a random sequence.

11. Sample size and size of treatment effect that should be
detectable

In order to increase power, given a low recruitment capacity, the
study was planned so that sixty (60) patients were randomized to the
Telehealth group and one hundred and twenty patients (120) were
randomized to the Non-Telehealth group. Sample size was calculated
for 80% power and type 1 error of 0.05 based on chi squared test.
Readmission risk was approximated for an estimated difference of 20%
(as cited by Medicare data on readmissions Jencks et al. NEJM. 2009) to
5% using high quality transition of care and telehealth services.

12. Risk stratification

The bedside risk stratification was done by an internally and ex-
ternally validated High Risk Readmission Tool across many different
hospital systems. This tool identified patients at High Risk for
Readmission via a risk score grouped as high, moderate, and low.
Normalizing the readmission risk score converts it into a more uni-
versally used scale (0–100 scale) that it easier for clinicians to under-
stand and use. The scores are calculated by using a proprietary algo-
rithm by Cerner© that includes about 40 + data points from groups,
based on the patient history and admitting physical exam, diagnosis
related group codes, patient demographics, procedures, utilization, lab
tests, medications, and exploratory variables. The tool was validated by
a public academic center, Advocate Health Care [16].

Further risk stratification, will be performed for exploratory analysis
after the study period, using a validated machine learning algorithm
[15] by our Biomedical Informatics team. This will be a useful com-
parison to the Cerner© tool in predicting future readmission risk after
30 days.

13. Biometric surveillance

The patient followed prompts from the smart phone to register vitals
daily, using a blood pressure cuff, pulse oximeter and digital scale
(Fig. 1). The teledoc determined the parameters of the vitals depending

Table 2
Schedule of enrollment, interventions, and assessments.

Timepoint** Study period

Enrolment Allocation Post-allocation Close-out

-t1 0 Week 1 Week 2 Week 3 Week 4 tx

Screening consent:
Eligibility screen X
Informed consent X
Baseline Questionnaire X
Allocation X

Interventions:
Treatment Biometric Surveillance
Treatment Weekly Surveys X X X X
Control X

Assessments:
Readmissions X X X X X
Emergency Room Utilization X X X X X
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on the patient clinical history and status. The telehealth vendor, noti-
fied the teledoc of any abnormal values (Fig. 2).

14. Virtual visits

The weekly virtual visit technique is based on the theoretical fra-
mework of the Coleman Transition of Care Model [18], and best
practices of “Whole-Person” transitional care from the Agency of
HealthCare Research and Quality (AHRQ) [19].

The Coleman model focuses on timely follow up with a primary care
provider, medication self-management, use of a dynamic patient-cen-
tered record, and knowledge and monitoring of red flags that could
indicate clinical decompensation of a patient [18]. The “Whole-Person”
transition of care focuses on comprehensive assessments of the patient,
incorporating potential social determinants of adverse health outcomes
and interdisciplinary care coordination. These models are incorporated
into the content of the virtual visits that allow for thorough assess-
ments.

Prior to the virtual visit, the primary care physician (PCP) was
alerted by email from the study team of the dates of scheduled virtual
visits as to be available for hand-off afterwards. The teledoc began
evaluation of the patient vitals obtained once daily, reviewed clinical
orders, medications, radiology, labs, and previous clinical notes, in-
cluding the automated readmission risk score from the internal EMR
prior to the first encounter. The teledoc verified that no further hos-
pitalizations or emergency room visits were present in the HIE. After
the review of the objective EMR and HIE data, the teledoc text notified
the PCP prior to an encounter, then began synchronous two-way audio-
video conferencing with the patient, which mirrors the interaction of an
in-person interaction (Figs. 3 and 4). The teledoc then performed a
detailed medicine reconciliation focusing on prevention of medication
errors, ensuring adequate review of potential barriers for medicine
adherence. The patient was coached on self-management, and in-
structed to recite the indication for each medication. A joint pre-
liminary patient-centered plan was agreed upon by the telehealth
provider and the patient. The visit was then completed with a data

collection survey using REDCap. Thorough documentation was re-
corded in the EMR using a modified Situation-Background-Assessment-
Recommendation (SBAR) framework (19) (Figs. 3–6). In this structure,
communication is effectively conveyed through an Assessment/Plan
section organized in a severity stratified problem based format. A short
Action List (Fig. 5) was then created for telephone communication to
the PCP.

A clinical plan was then offered to the primary care doctor for
consideration, the primary care doctor authorized all final medication
changes or treatment plans. The patient was then notified of the fina-
lized medical plan by the teledoc by phone. The teledoc monitored
vitals once daily from the vendor portal. The vendor notified the tel-
edoc with abnormal values through text messaging. The teledoc then
applied a personalized evaluation of abnormal vitals, with either a
notification for the patient to go to the emergency room, instruction for
the patient to come into the clinic for in person evaluation, or in-
struction to continue adherence to the plan until the next scheduled
virtual visit. All abnormal values were communicated to the PCP by the
teledoc (Fig. 2). If the PCP was unavailable, the teledoc signed off to the
covering physician. Additional telehealth visits were conducted to as-
sess the patient's clinical status per the discretion of the teledoc and
PCP.

15. Limitations

This feasibility study introduced a novel physician led, patient-
centered telehealth intervention using the latest available data at Stony
Brook Medicine. There are several limitations to the study methodol-
ogies employed that should be considered. Generalizability must be
taken into account when evaluating our design, given that Stony Brook
Medicine is a large academic center with advanced biomedical infor-
matics and Information Technology resources and residents available
for telehealth training. The time dedicated and level of clinical training
or expertise for the role of the teledoc should be taken into account,
furthermore the volume of patients followed by the Teledoc must be
tailored to clinical experience and aptitude. Larger well powered, multi-

Fig. 2. Biometric surveillance workflow.
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institutional trials are required to make definitive conclusions regarding
the ability of the intervention to reduce hospital readmissions.
However, despite these limitations, we believe the methods discussed
are valuable to researchers evaluating telehealth utilization.

16. Discussion

Telehealth offers promising opportunities to address patient needs

in the community after hospitalization. Understanding the role of tel-
ehealth, incorporating data analytics in this period, is an important goal
of this study. Regular virtual evaluations incorporating all available
patient data, may further improve healthcare delivery, reduce medical
error, and improve patient self-management post hospital discharge.
Furthermore, this study design offers opportunities in Telehealth
practice for trainees through an enhanced longitudinal continuity of
care model rather than infrequent episodic care, which provides a

Fig. 3. Remote patient monitoring and data transfer.

Fig. 4. TELE acronym and short action list for clinicians.
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rewarding patient care experience (20).
Trainees are incentivized to reinforce education and patient self-

management behaviors to promote better patient self-management, as
they share accountability to the patient in performing clinical surveil-
lance. This care design also allows for practice in a priority-based,
succinct communication style to PCPs, which allows for engagement
without cumbersome tasks to the PCP.

Providing patients with quality virtual care improves access to care
during a vulnerable time post-discharge. Potentially several high acuity
clinical encounters may be prevented with new clinical telehealth
practices (21). Concurrent with the aim of the study, we hope to in-
troduce an innovative way to perform telemedicine in the community
using advanced data analytics, the health information exchange and
risk stratification. The interdisciplinary collaboration of biomedical
informatics, information technology, care management, Telehealth
vendor and the medical and study team has allowed for a truly thor-
ough and comprehensive evaluation of patients as they transition
healthcare environments. The ability to incorporate HIE, EMR and
patient generated data, will continue to create personalized and unique
care plans for patients after hospitalization (22). Many lessons of ef-
fective transitions of care are shared in this model through engagement
of multi co-morbid patients post-discharge.

This feasibility trial began enrolling patients in June 2017. The trial
ended June 1, 2018. Sixteen clinicians have successfully been trained as
Teledocs, and all the practice PCPs, engaged in supervising Telehealth
practice. The study has now expanded to several primary care clinics.
All final results will be disseminated through peer reviewed publica-
tions as well as at scientific conferences. Lay summaries will be

Fig. 5. Sample telehealth documentation.

Fig. 6. Sample telehealth documentation template.
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provided to the study participants and clinical and administrative sta-
keholders of the trial.
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