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The Most Famous One

JAMA Meatwork

—— JAMA Internal Medicine Journals i Enter Searcl

Views 9,194 | Citations 45 = Altmetric 282
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Original Investigation | Less Is More
November 2015

Diagnostic Accuracy of Digital Screen-
ing Mammography With and Without
Computer-Aided Detection

Constance D. Lehman, MD, PhD'; Robert D. Wellman, MSZ; Diana 5. M. Buist, PhD?; et al
» Author Affiliations | Article Information

JAMA Intern Med. 2015;175(11):1828-1837. doi:10.100V/jamainternmed.2015.5231
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Medical Imaging

Introduction

Computer-aided detection (CAD) for mammography is intended to assist radiologists
in identifying subtle cancers that might otherwise be missed. Computer-aided de-
tection marks potential areas of concern on the mammogram, and the radiologist
determines whether the area warrants further evaluation. Although CAD for mam-
mography was approved by the US Food and Drug Administration (FDA) in 1998, by
2001, less than 5% of screening mammograms were interpreted with CAD in the
United States. However, in 2002, the Centers for Medicare and Medicaid Services
(CMS) increased reimbursement for CAD, and by 2008, 74% of all screening mam-

mograms in the Medicare population were interpseféd with CAD.2:3
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e
Medical Imaging

Conclusions and Relevance Computer-aided detection does not improve diagnostic
accuracy of mammagraphy. These restilts sugqest that insurers pay more for CAD
with no established benefit to women,

(¢) 2019 Prof. Avi Seidmann

Oncology Care

ASK FOR AN
ASSESSMENT TODAY

MD Anderson Benches IBM
Watson In Setback For Artificial
Intelligence In Medicine

e Matthew Herper t
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Rise of Al-as-a-medical-device

* The FDA is fast-tracking approvals of
artificial intelligence
software for clinical imaging & diagnostics.

* In April 2018, the FDA approved Al software that
screens patients for diabetic retinopathy without
the need for a second opinion from an expert.

* It was given a “breakthrough device designation” to
expedite the process of bringing the product to market.

» The software, IDx-DR, was able to correctly identify
patients with “more than mild diabetic retinopathy”
87.4% of the time, and identify those who did not have
it 89.5% of the time.

(¢) 2019 Prof. Avi Seidmann

Apple disrupts clinical trials

» Since 2015, Apple has launched two open-source
frameworks —ResearchKit and CareKit — to help
clinical trials recruit patients and monitor their health
remotely.

¢ The frameworks allow researchers and developers to
create medical apps to monitor people’s daily lives.

e In January 2018, Apple announced that iPhone users
will now have access to all their electronic health
records from participating institutions on their
iPhone’s Health app

e The App is Called “Health Records.”

(c) 2019 Prof. Avi Seidmann

© 2019, Professor Abraham (Avi) Seidmann



Merging Analytic Modeling With Clinical and Operations Data
Research: Rotman School Presentation, March 2019

Our Telemedicine Research Sample

* “Randomized, controlled trial of “virtual housecalls” for
Parkinson disease“ (with Dorsey et al),
* JAMA Neurology (2013)

* “Telemedicine in leading US neurology departments” (with
George, et al)
* The Neurohospitalist (2012)

* “The competitive impact of telemedicine mode of treatment for

chronic conditions” (with Rajan and Dorsey)
¢ Journal of Management Information Systems (2013)

¢ “Telemedicine for patients suffering from Migraine” ( with
Freidman and Rajan), HICSS (2019)

* “Service Systems with Heterogeneous Customers: Investigating the
Effect of Telemedicine on Chronic Care” (with Tezcan and Rajan),

* Management Science (2018)

4 N

My Research & Developments Interests

A web-based suite for interactive
business learning.

Make classrooms come fo life.

\ (c) 2019 Prof. Avi Seidmann J

© 2019, Professor Abraham (Avi) Seidmann



Merging Analytic Modeling With Clinical and Operations Data
Research: Rotman School Presentation, March 2019

Va

M The Physician Crisis
AAMC 2018 workforce research

The U.S. faces a potential shortage of 33,800 to 72,700
physicians in non-primary care specialties. This
includes a potential shortfall of 20,700 to 30,500
physicians in 2030 for surgical specialties. AAMC
attributed the projections to an aging population requiring
more complex care as well as a stagnant supply of surgical
specialists and other factors.
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The AllTogether System

48 A

The AllTogether System |l

Hello, how are you today?

How is it going?
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Our Talk Today .}ﬂ‘\“

e Lessons from Galileo Galilei

® Observations can be misleading. ..
¢ 1. Information Hang-overs in Healthcare Service Systems
¢ The value of systematic (end to end) process flow analytics
¢ 2. DoesTechnology Substitute for Nurses?
¢ The data and economics of process flow automation
* 3. The Operational Effects of Telemedicine on Chronic Care
¢ MDs and Patients as players in complex Non-Atomic Games
* Overall Data & Analytics Insights from it all
® Why Medical Schools start teaching Medical Informatics

(¢) 2019 Prof. Avi Seidmann

* What you know about,
You See

Goethe (1851)

(c) 2019 Prof. Avi Seidmann
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PTOLEMY GEOCENTRIC THEORY

Moon Earth Venus Sun Mars
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Galilei displaying his telescope in Venice
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The moons of Jupiter
“Medicean Stars”

(c) 2019 Prof. Avi Seidmann

Four Quick Lessons to Recall

1. Galileo Galilei, like Kepler, was a mathematician. He
combined his newly Observed Data with Math Modelling,

N

Galileo complained to Kepler that some of the
philosophers who opposed his discoveries had refused
even to look through his telescope.

3. When the truth contradicts what WE believe, WE tend
to abandon the truth.

4. WE tend to refuse to consider evidence—if what they
might discover contradicts what WE believe.

(c) 2019 Prof. Avi Seidmann
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Three Studies to Make a Point...

(c) 2019 Prof. Avi Seidmann

Analyzing the Differential Impact of
Radiology Information Systems
Across Radiology Modalities

Atanu Lahiri, MS, Abraham Seidmann, PhD

low using a

ned collec-

m nrklus\ study was to assess the impact of redesigning a medical imaging wi
system (RIS), parviculisly the impact of implemencing 2 discipli

tion of background elinical information af along the clinical service chain.

Materials and Methods: The impact of the RIS on the total report turnaround time and on its various

components, such as the r.n||nlugm interpretation, transcription, and radiologist review turnaround times, was

| | staristical tools were used, including lognormal survival functions and

F-Tests, 10 ¢
outpatien 5

are and analyze the pre-RIS and past-RIS operarional performance of a regional nerwork of

Results: The RIS installation did not produce uniform benefits for all modalities. There was no statistically
significant impact on report furnaround times for magnetic resonance imaging, On the other hand, rurnaround
times for mammographic studies declined significantly.

Conclusion: Although the additional time needed to navigate through the RIS screens might have (unex-
pectedly) increased the radiologists interpretation cycle times, the overall benefits of the RIS ourweighed this
negative effect in this study. Before the RIS installation some clinical background information was not available
to the radiologists ar the time of interpretation. As a pare of the RIS implementation the radiology practice
introduced several disciplined dara collection procedures to make such information readily available down-
stream. These procedures significantly reduced the percentage of mammographic studies thar had 1 be puton
hold, increasing radiologists’ overall performance and income. The effectiveness of any RIS solution, therefore,
significantly depends on systemwide analyses of all relevant performance metrics and also on the creative
implementation of new clinical and administrative workflows.

Key Words: Radiology information system. economic impact, workflow redesign, report mmaround,
radiologist productivity, medical informarion systems

J Am Coll Radiol 2009:6:705-714. Copyright © 2009 American College of Radiology
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munmncruﬂm & SERVICE 4

4 OPERATIONS MANAGEMENT |

Vol. 14, No. 4, Fall 2012, pp. 634-65 - $190 0%
ISSN 15234614 (print) | ISSN 15265408 (online) T/ fdx.dok.ong /10,1267 / vowoen. \L 200551

Information Hang-overs in Healthcare
Service Systems

Atanu Lahiri
ol of Business, Uniy _—

(¢) 2019 Prof. Avi Seidmann

Objective

To investigate the counter-intuitive
impacts of changes in the information-
processing workflow on the overall
performance of a clinical service
organization

(c) 2019 Prof. Avi Seidmann
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Information Hang-overs in
[Healthcare Service Systems

At Yale, Holt et al. (2007), find that nearly
23% of 1,800 surgeries were delayed
because of missing information, putting
patients at severe risk!
“Day-of-surgery delays caused by
remain relatively
common despite pre-anesthesia
evaluation...”

Holt, N. F., D. G. Silverman, R. Prasad, J. Dziura, K. J. Ruskin, 2007. Pre-anesthesia
clinics, information managemer?g)ﬁﬂg pperating room delays: results of a survey of
practicing anesthesiologists. Anesthesia and Analgesia 104(3) 615-618.

esearch Question:

(c) 2019 Prof. Avi Seidmann
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Specifically,

How does the proper design of RIS screens

Exam Information
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KODAK CARESTREAM Radiology Solutions

Reception Desk Exam Rooms
RIS Management of maging
Patient Administration
Diagnostic Tools
Scheduling Patient History

Rooms, Resourcas Iniﬂqreted '3 D
Parsonnel, Patient CAD
Prep Instruct
ep ictions Reporting
Physician's Office Woice Recognition
RIS Web-based Key Images
Patient Order Patient Diagnosis &
Requests Administration Reporting
Information Results
Management Distribution
IT System
Integration
g Results Distribution
Information _Printing
Management '-J_{-R\J_I'-."I .
Enterprize E-rmail & E-reports

H W
Hosted, Regional Wb

Intelligent Lifecycle
Information Management

Circle of Care
Kc

Benefits According to Kodak:
Does Not Explain How RIS Helps

Kopak CaresTREal Information Management Solutions
provide business and clinical advantages across the . i sovseerrcen

continuum of care—linking departments, COMMUNITES, oo moe re o
ion management solutions that

and regions. These solutions combine software, NON-  ofste erte dorge sitions n
proprietary hardware, and professional services for e
consolidation, control, and continuity of aff archived
clinical data. Kodak improves communications and
workflow by linking isolated islands of mformatlon

AFCNME (WIFARCNNE). 1115 PIBTTONMT EMA0Ks Serage
rules that can autemate data migration, compression,

and deletion. Kodak can accommodate growing
storage capadity. wsers, sites, data soumes, and
technologies with multFdimensional scalability.
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Performance Measure Pre-RIS Post-RIS
SignificantAdverse. _ Mean SD Mean SD
Impact on Scheduling | =

Scheduling-Call Length 249 132 e 1.23

(existing patients) in Minutes

Scheduling-Call Length (new 3.10 1.18 4.44%* 1.59
patients) in Minutes

Scheduling-Call 2.22% 1.23% 3.59%* 1.69%
Abandonment Rate

Mammography MRI Mammography MRI

Significant but Non-uniform
Positive |mpact on MDS W.& Mean SD Mean SD Mean SD

Interpretation TAT in Hours 1.38\ 1.84 | 1.62 | 1.065 0.76* | 0.60 1.67 | 0.98

Transcription TAT in Hours 0.44 MN 036 | 0.36 0.37 0.50 | 0.57

Review TAT in Hours 2.04 1.05 %5\ 1417 1.06* 1.24 1.03 | 1.35
RTAT (sum of the 3 TATs 406 | 234 | 3.11 | 1.87%} 2.17* « 1.43 320 | 1.85

above) in Hours

© 2019, Professor Abraham (Avi) Seidmann
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Graphically:
Turnaround Time for MRI in Hrs

Nearly Identical Distributions

Before RIS
Mean = 3.11 hrs, S.D. =1.87 hrs
Skewness = 1.21

i

After RIS
Mean = 3.20 hrs, S.D. =1.85 hrs
Skewness = 1.07

Graphically:
Turnaround Time for Mammography in Hrs

Peak shifted left post-RIS, Tail Shorter Post-RIS

Before RIS
Mean =4.06 hrs, S.D.=2,34 hrs

ﬂess = 1.1/
7\ —
/A i\

/After RIS
Mean = 2.17 hrs, S.D. =1.43 hrs
Skewness = 1.26

© 2019, Professor Abraham (Avi) Seidmann
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Lognormal Survival Function:
Interpretation TAT

Modd A B
Trtercept (Po) 02874 02874 03483
(<0.0001) (<0.0001) (<0.0001)
Marnmo () 203255 03255 0377
00348)  (0.035T)  (0.0004)

- RIS (B2) 00753 00771 0.06%0
MaRT:_iggraphy benefited, 03153 (0.3036)
£
id not Mammox RIS (B) | -0.5238 05215 0,505

©001%) (00015 (0.0019)
X 0.0851
RIS cut Mammography 02636
turnaround by 50% despite . 01415
extra information-processing
work (Call center;tech;MD)

A: OLS
B: SUR
C: SUR with Location Dummies

(©.0409)
0.0014

\ 0.9864)

But RIS did not cut MRI ©OOZL)  (0.0021)

turnaround. Why ?

c) 2019 Prof. Avi Seidmann

A Conceptual Model of

o Exam for which complete background clinical
and administrative Information is available

O Exam for which some information is missing

Information
Gathering Delay

] ey W

Radiologist

(c) 2019 Prof. Avi Seidmann
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[What is this ‘Missing’ Data about?

“‘Missing patient full name, DB error at PACS”
“Call back diagnostic”

“Additional views are present, need to
discuss with tech why they took those
additional views”

“‘Missing previous study”

“Explain surgical scars shown”

“No referral MD notes on swelling”

“Spoke with patient”

“Wrong prior mammography films presented”

(c) 2019 Prof. Avi Seidmann

e develop a novel Queuing Model to
investigate: The Interpretation Step

Delay Server

-~

Mean=1/d
SD=oy

. u > -n)

\ . ]

* g

FCF5Queue Exponential
Server

(c) 2019 Prof. Avi Seidmann
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[Model Characteristics

Feedback Queue is NOT product-form:

Fixed (Deterministic) Feedback: 2 rounds of
Service for hang-over exams, 1 round for the
rest

Delayed Feedback: Information-gathering delay

Service times of exponential server:
» Depends on Class and the Round of Service

(c) 2019 Prof. Avi Seidmann

Theorem 1: Analytical Solution:
[Expected Sojourn Times

First moments, i.e., Expected Sojourn Times,
can be obtained using Operational Analysis
(Denning and Buzen 1978)

i i i
E[Su]= b PG — )t IR

E[S,,] = 12 B p1p? | o

T ea)(1-p)

E[S22]:|‘Om pii(m__) i !

2 Hag

(1+p2)(1 —p) paa

And, the meon sojourn time, E[5], eguals:

1 11 i S £22
(o (1 — 21+ o)) 222 +{f+(;;;)(1“fi)+“” Pl =) (g ()

(c) 2019 Prof. Avi Seidmann
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E)gample:
Components of E[S]=S(p, P)

Impact on the mFCFS Queue m Delay Server

bottleneck m Exponential Server Average Queue-length

Servel;ldoesh Larger, But E[S] lower
notreflectthe  os. o=85.9%, R
_end-to-end P=99% ‘
impact on the
workflow:
Rl |
Lower average P=90%
sojourn time I Hours/ Study

despite a 0 0.5 1 15 2

higher Components of S(p, p) in hours;

backlog atthe - 42 A=12/hr, 1/d =12 hrs; p,, = p and p,, = p,, = 2p/a
bottleneck where y = 16/hr pre-RIS, 14/hr post-RIS

server (c) 2019 Prof. Avi Seidmann

Theorem 2: Batching Exams
with lot size (Q)

So=the first-pass sojourn time of a randomly selected arriving batch
Sor= the first-pass sojourn time of a batch containing at least one hang-over exam

Theorem 2 For the FCFS queue with batching as described above:

1-p, (lp)pQQ[ 11 j
E[Sy,]=EISy I+ A 2 LE[§,]=~2E =) =~ |1 E[S,,].
[Sg:]=ELS,, ]+ [(1+p22)(1p)J [S,] P P +E[Sp,]

1-
1 Q[i i p] o 1
where A = Hyo Hi Hy

Hn 1_PQ Hi

E[Sy]= pE[Sy, ]+ cand E[Sy] is as given by

Theorem 1.

(c) 2019 Prof. Avi Seidmann
Proof: In our MSOM 2012 paper
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The
Impact on Radiologists’ Earnings?

o the Radiologists’
Earnings despite
a significant
increase in their
task time per
exam ....

(c) 2019 Prof. Avi Seidmann

" " MANAGEMENT SCIENCE
informs. prei b

herp ipubsonline informs. org/journad mnsel ISSN 00251908 {pring), ISSM 1526-8501 (online)

Does Technology Substitute for Nurses? Staffing Decisions in
Nursing Homes

Susan F. Lu.* Huaxla Rul® Abraham Seldmann®

ent, Purdue University, West Lafayette, Indiana 4790F; ¥Simon Business School, University of Rochester,

Abstract. Over the past 10 years, many healthcare organizations have made significant
investments in automating their clinical ¢ operations, mostly through the introduction of
Mﬂldﬂmn Iﬂkllnm advanced information systems. Yet the impact of thise invesiments on staffing is still

March not well understood. In this paper, we study ¢ mation n\nmlug\ I}
nabled automation on staffing t Using unique nursing
bitps:#dol org! 10, 126Tmnsc 2016 2605 =y B g uniq 8
home IT data from 2006 to 2012, we find that Ihr > staffing level decreases

Copyright: © 2017 NFORMS by 5.8% in high-end nursing homes but increases by 7.6% in low-end homes after the
|l rption of automation technology. Our rescarch explains this by analyzing the interplay
um}\tlru‘\ﬂ\\l-\ o autom. wtitution of technology for labor and the
I. aging of complementarity bet wry and labor. W also find that increased
automation improves the ratings ality by 6.9% and decreases admissions
of less profitable residents by 147 These observations ane consistent with
the predictions of an analytical st affing model that incorporates technology adopt
and vertical differentiation. Overall, these findings suggest that the impact of automat
technology on staffing decisions depends crucially on a facility’s vertical position
local marketplace

History: Accepted by Chiris Forman, information systems
Supplemental Material: Thee online appen i s v\\lnl at hitpsc/ dolong/ 10,1257/ mnsc 2016, 26405

Keywords: staffing - labor - technciogy - vertical difierentiation - nursing homes

(c) 2019 Prof. Avi Seidmann

© 2019, Professor Abraham (Avi) Seidmann



Merging Analytic Modeling With Clinical and Operations Data
Research: Rotman School Presentation, March 2019

4\

Center for Health
0 Information and
Dacision Systems
ROREET $L SMITHE SCHOOL OF BUSINISS
AT THE UNIVERMTY OF MARYLAND

Workshop on Health IT and Economics

2015
Best Paper Award
Susan Lu, Huaxia Rui, Abraham Seidmann

Is Techmology Eating Nurses? Staffing Decisions in Nursing Homes

' Studies of corporate IT
IT Doesn’t Matter spending consistently show
. that greater expenditures
rarely translate into superior-
e — financial results. In fact, the
opposite is usually true.

© 2019, Professor Abraham (Avi) Seidmann
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Automation through Mechanization

O

Farms are growing more productive Both the U.S. farm population and rural population have

. dwindled hi f the Nation' I lati
Total factor productivity (Index 1896=100) P as & share of fhe Raflon's averall pepulation
1.2

2 70 —
[ Farm share of tolal population

1.0 &0 - [ Fural share of total population
o |

[1}:] =N
a0

06—
0

0.4 20

0z e

1900 10 20 30 40 50 60 il a0 80 2000
Waar

poliss sy e n s sy
1948 52 56 60 64 68 T2 T8 B0 84 8B 02 06
Year

Sourcos: S by ch Sandce. Corvsus of AgricuLre,
Carvsus of Popuabon, and Census of B Lintod Stifes.

(c) 2019 Prof. Avi Seidmann

Motivation

O

Advances in IT are changing healthcare delivery by
bring digitization and automation into the industry.

™~

|.,-..
-

g

(c) 2019 Prof. Avi Seidmann
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Research Question

O

How will IT-enabled automation
affect

healthcare employment?

(c) 2019 Prof. Avi Seidmann

Nursing Homes in the United States

O

e A nursing home is a place for people who do not need to be
in a hospital but can no longer be cared for at home.

» Due to the aging of the baby boomer generation,
approximately $ 111 billion was spent on nursing home care
in the United States in 2011.

» Unique features compared to hospitals:
o Relatively simple structure of labor provision
o Relatively homogeneous services: chronic care

(c) 2019 Prof. Avi Seidmann
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Quality Mix

* Patient types
o Short-term care patients (post-acute care)
o Long-term care patients (chronic care)

» Payer Types: Quality Mix
o About 60% of patients are Medicaid (daily rate $140)

o 20% are Medicare patients for post-acute care (daily rate
$500)

o 20% are private-paying patients (daily rate $300-400)
o The whole industry chases lucrative patients as a new trend.

(c) 2019 Prof. Avi Seidmann

Vertical Differentiation

O

* The entire nursing home industry is competitive.

» The quality of care in a nursing home is mainly determined by
the nurses on a daily basis.
o Five star ratings
= Manor Care
= Kindred

o Staffing (positively associated with star ratings)
= The dispersion of staffing-to-resident ratio is between 1 percentile and
99 percentile is 4.59 HPRD.
= The state minimum staffing standards provide an exogenous lower
bound for the staffing level in each individual market.

(c) 2019 Prof. Avi Seidmann
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Process Flow Chart: Medication Management

O

Traditional Work Flow

Call the )
Look for physician Provide
. |::> clinical |:> office and |::> Wait |:> [> medication
Walkin documents report the for Walkin to the
‘ hallway issue replies hallway patient

Patient
Room

Documentation Nurse Nurse
Room Station Station

Work Flow with the Implementation of CPOE

Search ErTzlilc}Qr? Work with the Provide
[> clinical gffiyce and patient while medication
documents report the waiting for :> to the
patient

using tablet issue replies

’ Patient Room
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Research Question

» Research Question:
o Is technology “eating” nurses?

* We came across surprisingly few studies that have
examined the causal effect of IT-enabled automation
adoption on staffing decision in individual

healthcare facilities.

(c) 2019 Prof. Avi Seidmann
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Model Setup

Vertical Position

* A nursing home’s staffing problem: / Wages ($)

max V(s) = R(q,0) —w*s
S

/ \ \Staffing Level

Revenue ($)/Pt Quality Level
* Parameterization:
Care Quality
——Q(r,k) =Tk, R(q,0) = 1 — Ge~404, (@r/q >0, 0*R/ag" <0}

Staff-to-patient ratio = Technology Level

0<0<0< we?
- Ak

(c) 2019 Prof. Avi Seidmann

Model Analysis

O

Lemma:

The optimal staffing level s*, the optimal quality level g*, and the
resulting average revenue per patient for a nursing home with vertical
position 6 are given below:

1 = Ak6? 1 Ak6?

w
o | R(q"0)=1——.
Ake " w T= 0" W ("6 Ako

N

Proposition 1:

The optimal staffing level s*, the optimal quality level g*, and the
average revenue per patient R(q*, 8) are increasingin 6.

(c) 2019 Prof. Avi Seidmann
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Model Analysis

O

Proposition 2:

The optimal quality level g* and the average revenue per patient
R(q*, 0) are increasing in the automation level k.

Proposition 3:

An increase in automation level leads to an increase of a nursing home’s

staffing level (S) if the vertical position: 6 < /% , but it leads to a decrease

of a nursing home'’s staffing level (S) if the vertical position: 6 > \/%.

(c) 2019 Prof. Avi Seidmann

Hypotheses
O

* Hypothesis 1: An increase in automation level leads to an
increase in the quality level of a nursing home.

* Hypothesis 2: An increase in automation level leads to a decrease
in staff-to-patient ratio for a nursing home with a high vertical
position.

* Hypothesis 3: An increase in automation level leads to an
increase in staff-to-patient ratio for a nursing home with a low

vertical position.

(c) 2019 Prof. Avi Seidmann
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Hunting for Reliable Data

0 Data Sources

0 The Online Survey Certificate and Reporting Database (OSCAR) from
2006 to 2012

0 The Health Information Systems Society (HIMSS) from 2005 to 2011

0 Key Variables:
o Process Quality: the number of patient complaints

0 Staff-to-Patient Ratio: staff hours per patient day (HPRD) for licensed
nurses (LNSs)

o Vertical Position

(c) 2019 Prof. Avi Seidmann

Econometric Models

» Average Effect:

Sie=ag + ayIT; 1 * Post,_q + a X + azZyt

+ayStateg x Yeary +a; +ap + &t
(1)
» Heterogeneous Effect:
Sit= Bo + P1ITi—1 * Posty_q + BoIT; 1 * Posty_q *
Position; + [3Xit + PaZe +PsStateg * Yeary +f; +: + €+
(2)
* Endogeneity Issues
o The adoption of CPOE is not randomly assigned.

(c) 2019 Prof. Avi Seidmann
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Instrumental Variable (1V)

O

* We construct an instrumental variable, hospital CPOE,
describing the yearly hospital CPOE adoption rates in the
local market where we define a county as a market.

o Exclusion criteria

o Inclusion criteria
= First stage: 0.552 (p-value <0.001)
= Weak IV problem:

o The Kleibergen-Paap rk Wald F statistics is 622.17, allowing us to
easily reject the null hypothesis.

o Alternative IV

o We divided the number of non-affiliated hospitals that adopted
CPOE by the total number of non-affiliated hospitals in the local
market In a given year.

(c) 2019 Prof. Avi Seidmann

Average Effect on Staffing
O

Dependent Variable: Baseline
Consumer Complaints Total Complaints
on Process Quality OLS First Stage 2SLS
@) (2) (3)

CPOE 0.000 0.012

(0.014) (0.027)
IV: Hospital CPOE 0.552%**

(0.022)

Nursing Home Dummies Y Y Y
Year Dummies Y Y Y
Individual State Linear Trends Y Y Y
Weak Identification Test IKleibergen-Paap rk Wald F statistic: 622.17***
Observations 12313 12313 12250
Within R-squared 0.06 0.272 0.06
Number of provider 2119 2119 2056

Robust standard errors in parentheses clustered by nursing home
wx 5<0.01, ** p<0.05, * p<0.1

The adoption of CPOE has no effect on staffing on average.

(c) 2019 Prof. Avi Seidmann
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Heterogeneous Effect by Vertical Position

O

Dependent Variable: Licensed Nurses Registered Nurses
Hours per patient Day Minimum LNs Minimum RNs
OLS 2SLS 2SLS 2SLS 2SLS
@) ) (3) “4) (5)
CPOE 0.106***  0.282%** | 0.145%** | 0.154***  0.073**
(0.036) (0.062) (0.046) (0.040) (0.029)
CPOE * Position -0.065%*  -0.172%** -0.145%**
(0.029) (0.042) (0.044)
CPOE * High End -0.255%** -0.109**
(0.071) (0.047)
Nursing Home Dummies Y Y Y Y Y
Year Dummies Y Y Y Y Y
State Linear Trends Y Y | Y Y
F test: CPOE+CPOE* High End | -0.110%* -0.036*
Observations 12,313 12,250 ; | 12,250 12,250
Within R-squared 0.046 0.040 0.041 0.057 0.058
Number of provider 2,119 2,056 2,056 2,056 2,056

Robust standard errors in parentheses clustered by nursing home —

ok 20,01, ** p<0.05, * p<0.1

The adoption of CPOE has opposite effects on staffing decisions.

(c) 2019 Prof. Avi Seidmann

Effects on Patient Composition

O

Dependent Variable: Patient Types
Log of Daily Admissions Total Admission Medicaid Admission
1) 2) (3) (4)
CPOE 0.006 0.138 -0.147** -0.201*
(0.086) (0.147) (0.072) (0.112)
CPOE * Position -0.079 0.038
(0.057) (0.052)
Nursing Home Dummies Y Y Y Y
Year Dummies Y Y Y Y
State Linear Trends Y Y Y Y
Observations 11,017 11,017 9,548 9,548
Centered R-squared 0.282 0.282 0.055 0.054
Number of provider 1,880 1,880 1,630 1,630

Robust standard errors in parentheses clustered by nursing home
*** p<0.01, ** p<0.05, * p<0.1
—

The adoption of CPOE decreases the admissions of Medicaid patients by 14.7%.

(c) 2019 Prof. Avi Seidmann
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Harvard ¢ Studies of corporate IT
Review IT Doesn't Matter spending consistently show
that greater expenditures
rarely translate into superior-
T -~ financial results. In fact, the
' opposite is usually true.

ouund a way 1o put the circuits necessary for computer processing

by 1

11968, a young Intel engineer named Ted Hof

onto a tiny piece of siicon. His invention of the microprocessor spurred a series of technological breakthroughs—
desktop computers, local and wide area networks, enterprise software, and the Intemnet~1hat have transformed
the business world. Today, no one would dispute that i ion technology has be he backbene of commen

It underpins the operations of individial companies, ties together far flung supply chains, and, increasingly, lnks

businesses to the customens they serve. Hardly a dollar o7 a euro changes hands anymore without the aid of computer

A IT's power and presence have expanded, comparies have come to view it 28 2 resousce ever more critical to their

success, a fact clearly reflected in their spending habits. In 1965, according to a study by the U.S. Department of

Commerce’s Bureau of Economic Analysés, less than 5% of the capital expenditures of American companes went to

information technology. After the introduction of the personal computer in the early 1980s, that percentage rose to

15%. By the early 1990s, it had reached more than 30%, and by the end of the decade it had hit nea

the recent sluggishness in technology spending, businesses around the world continwe to spend well over §2 trillion a

yearon IT.

But the veneration of IT goes much deeper than dollars. It fs evident as wall in the shifting anitudes of top mansgers.
Twenty years ago, most executives looked down on computers as proletarian tools—glorified typewriters and
calculators—best relegated 1o low level employees ke secretaries, analysts, and techniclans. It was the rare executive

il into his strategic thinking

‘who would let his fingers touch a keyboard, 1

Today, that has changed complately, Chief exacutives now routinely talk sbout the strategic value of information

technalogy, about ow they can use IT 1o gain a competitive edge, about the “digitization” of their business models.

Most have appointed chief information officers to their senior management teams, and many have hired strategy

consulting firms to provide fresh ideas on how to leverage their IT in

or di iation and advantage,

Prof. Avi Seidmann

Conclusions

o IT does atter!

¢ IT has a significant impact in
healthcare which is still very labor
intensive
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Key Findings

O

IT-enabled automation: CPOE
* No effect on staffing on the industry average, BUT....
« Data Analytics supports the Economic Model’s Predictions:

> CPOE Implementaion
o reduces staffing by 5.8% in high-end nursing homes, (Substitute) but

o increases staffing by 7.6% in low-end nursing homes (Complement).

» Results in a 14.7% significant decrease in the admissions of
Medicaid patients, the least profitable type patients.

(c) 2019 Prof. Avi Seidmann

/ CLINICAL TRIALS |8 \

SECTION EINTOR: IRA SHOULSON, MD
ONUNE FIRST
Randomized Controlled Clinical Trial of “Virtual
House Calls” for Parkinson Disease

E. Ray Dorscy, MD, MBA; Vinayak Venkataraman, BS; Matthew J. Gra um. BA; Michael T. Bull, BS;
Benjamin P. George, MPH; Cynthia M. Boyd, MD, MPH; Christopher A. Beck, PhD;
Balaraman Rajan, MBA, MS; Abraham Seidmann, PRD; Kevin M. Biglan, MD, MPH

al disorders is in- naire, and economic value, as measured by time and

Importance: The burden of neurolog

cess to care s I

roviding spe- travel
¥ o patients via telemedicine could help alle-
viate this growing problem,

Results: Twenty participants enrolled in the study and were

mandomly assigned 1o telemedicine (n=9) or in. prm-m,llr
B 37 sche e . 75
Objective: To evaluate the feasibility, effectiveness, and (n=11). Of the 27 scheduled telemedicine visits
economic benefits of using web-based videoconferenc- were completed, and of the 33 scheduled in-persc

were completed (P=.99). In this small study, the
change in quality of life did not differ for those randomly
assigned to ielemedicine compared with those randomly
Deslgn: A 7-month, 2-center, randomized controlled assigned to in-person care (4.0-point improvement vs 6.4-
point improvement; P= 61 ). Compared with in-person vis-
its, each telemedicine visit saved participanis, on average,
Sentlng: Paticnis homes and outpatient clinics at 2 aca- 100 miles of travel and 3 hours of time

demic medical centers

ing (telemedicine) to provide specialty care to patients
with Parkinson disease in their homes.

clinical trial

Conclusion and Relevance: Using web-hased video-
conferencing to provide specialty care at home is fea-
sible, provides value to patients, and offer similar

clinkea

Participants: Tweniy patients with Parkinson discase
with Internet access at home

fit 1o that of in-person ger studies

are nee detcrmine whether the clinical benefits are
indeed comparable to those of in-person care and whether

the results observed are generalizable

Interventlon: Care from a specialist delivered re-
motely at home or in person in the clinic

Mailn Qwtcome Measures: The primary outcome Trial Reglstration: clinicaltrials. gov Identificr
variable was [casibility, as measured by the percentage NCTO1476306

of telemedicine visits completed as scheduled. Second

ary outcome measures included clinical benefit, as JAMA Newrol. Published online March 11, 2013

(c) pg3orpd bt Mg KeitimaBerkinson Discase Question- doi: 10,1001 jamancurol 2013.123

\ S— /
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Va

. MANAGEMENT SCIENCE
informs’ it b 8
hitp: Informs. ISSN 0025-1509 (print), ISSN 1526-5501 (online)

Service Systems with Heterogeneous Customers: Investigating
the Effect of Telemedicine on Chronic Care

Balaraman Rajan.,* Tolga Tezcan.® Abraham Seldmann®

*California State University East Bay, Hayward, California 94542; ®London Business School, London NW1 45A, United Kingdom;
© University of Rochester, Rochester, Now York 14627

sraman ragicsueast hitp: /f orcid_org/ D000-0002-4611-7496 (BR); thercan@london.edu,
http// orcid org/ O000-002-2807-9287 (TT); avissidmanni@ximon rochesteredu, http: /f orcid org/0000-0003-1822-5204 (AS)
Recaived: Ap 11, 2017 Abstract. Medical specialists treating chronic conditions typically face a heterogencous
Revised: July 31, 2017 set of patients. Such heterogencity artses because of differences in medical conditions
Accepted: Seplember 18, 2017 as well as the travel burden cach patient faces to visit the clinic periodically. Given this
Published Onlin in Artickes in Advance: heterogeneity, we compare the strategic behavior of revenue-maximizing and welfare-
May 3. 2018 maximizing specialists and prove that the former will serve a smaller patient population,

hitps:fidol.org!10.128TImnsc 2017 2879 spend more time with the patients, and have shorter waiting times. We also analyze
the impact of telemedicine technology on patient utility and the specialists” operating

Copyright: © 2018 INFORMS decisions. We consider both the case when specialists can freely set their own fee for
service and the case when fees are set exogenously by a thin ity payver. We prove
that with the introduction of telemedicine, the specialists become more productive and
the overall social welfare increases, although some patients, unexpectedly, will be worse
off. Our analytical results lead to some important policy implications for facilitating the
further deployment of telemedicine in the care of chronically ill patients

History: Accepted by Sergued Netessing, operations management.

: J « enabling : gy policy and manag ‘ of systems .
service operations - ielemedicing
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ﬁ TYPICAL MEDICATION REGIMEN FOR PATIENTS WITH MULTIPLE \
SYSTEM SYMPTOMS OF PARKINSON'’S DISEASE

Symptom Medica

Movement Carbidopa-levodopa
(Sinemet")

Carbidopa-levodopa

Amantadine
(Symmetrel®)

Entacapone (Comtan”)

Pramipexole (Mirapex”)

(c) 2019 Prof. Avi Seidmann
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Comments from the patients (Pro TM)

* “I spend more time in the car than with the Dr.”

* “I would hope that telemedicine would provide more access
to a doctor for those who were unable to see their doctor in

person. I would like more access to best health care.”

* “No travel to downtown, no toll fees, and no long walk from

the parking garage to the office.”
* “little interruption to normal schedule”

* “I'don't have to take off the entire day, drive 120 miles, fight
the traffic, the horrible parking situation, eating out

expensive.”

(¢) 2019 Prof. Avi Seidmann

On the other hand (Negative)...

* “I would not like to put any communication barriers between
myself and my doctor, including a camera or distance.”

® “I do not get a real patient visit where the doctor reviews all
my systems to see if [ am getting better, the worse, or the
same. Trying to provide good patient care over the Internet is
superficial,”

® “I think the doctor listens more carefully when I have an
office visit, and I feel like I am able to better communicate
my personal medical issues to the doctor.”

o “It may seem less personal.”

® “I would miss shaking hands with my doctor.”

(c) 2019 Prof. Avi Seidmann
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v
Telemedicine Trade-offs

Costs/Risks

* Limited physical exam and reduced clinical information
* Private secure place needed for patients

* Potential overuse by patients

* No free medication (samples)

* Limited Personal Contact

* Technology dependent

* No labs nearby

Benefits

* Reduced cancellations and No shows
* Greater geographic reach
* Reduced Travel

(c) 2019 Prof. Avi Seidmann

a N

Problem Accessing Care
Coremeeal

T
Sl a1 -
Orglls .“ W
o Vermont
arrie o (=] i ——— |
kham g i {59 ] 3
q i
i
EO .':1| F
BHamilton I / Har
i - | Manched
MNew York Mew 4
_r/EUHaIU 350, Hartfgrd th"&’ e I
. ¥
150 Mlles Away x 2 Massachuse

g, LI = E"ﬁ Springfield & ﬁg
] 100 mi 1 . = - :
I 200 km 1 Scraqll'll.m-l 5 Connecticut
450 S 2 omen g andseperl
Pennsylvania & NEWE.-‘Il’Grk S

e Adlentowen o E’ = i
e @ Edison

& (c) 2019 Pfof. Avi Seidmann ViSit COSt = f(. ’ d) j

© 2019, Professor Abraham (Avi) Seidmann



Merging Analytic Modeling With Clinical and Operations Data

Research: Rotman School Presentation, March 2019

What is Telemedicine?

Pt to MD

Small Hospital to Larger Hospital
| o

Nurse to MD MD to MD

a

\

Pilot telemedicine program for ophthalmology helps to
increase interventions for preventing vision loss

Telemedicine-based diabetic retinopathy detection at URMC

* In 2013, Flaum Eye Institute received a $600,000 grant from
i the Greater Rochester Health Foundation in support of
'1 Rochester AreaTele-I-Care

*Tele-I-Care program links the Flaum Eye Institute, RGHS
Department of Ophthalmology, and primary care physicians to

identify people with diabetes who are at risk of vision loss

[ PR

Rajeev Ramchandran, MD
URMC Ophthalmologist

Source: Rajan B, Seidmann A, Ramchandran R. Teleophthalmology for Diabetic Patients: Saving Vision through IT. hicss,

4239-43. 2014 47th Hawaii International Conference on System Sciences.
(c) 2019 Prof. Avi Seidmann
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4 N
Telemedicine is a rapidly growing market

that can improve access to care

Projected growth in telemedicine market

50 -

45 $43.4

40

m Telchospitals

$ in billions
o
&

= Telehome

20 $19.2
$16.3
15
10
5
0
2013 2014 2019
ProbmdasimSaid

20 :
\ Source: BCC Research; http://wwuw .bceresearch.com/market-research/healthcare/telemedicine-technologies-report-hlc014g.htm j

A $350 Million TM Deal (July 2018)

ROV,

American Well sSOLUTIONS

Press Release

Anthem, Inc., Samsung and American Well
Partner to Provide Consumers Access to
Telehealth Services
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Forbes

It is expected to be a
boon to MDLive and

Cigna And Blue Cross Plans rivals like American Well

Buy Stake In Telehealth's and as
MDLive well as an array of

startups getting into
the business of offering
access to physicians and
patients via smart
phone, tablet or
computer.

Forbes
(August, 1, 2018)

() 2019 Prof. Avi Seidni

Clearly, convenience is driving changes in
health care and other service industries

People-powered apps

(c) 2019 Prof. Avi Seidmann

\ Source: Wall Street Journal, 5/6/15 J

© 2019, Professor Abraham (Avi) Seidmann



Merging Analytic Modeling With Clinical and Operations Data
Research: Rotman School Presentation, March 2019

Va

Many TM Initiatives take Place Now

Q) amwell

P4 GeriCare

Care closer to you

(¢) 2019 Prof. Avi Scidmann

Telehealth allows care to be provided where it is most

needed ...
=== =
HOSPITAL

e

0 agooo CUNICE Alﬂ\k

Some A
= e
o || w [ e | 10 |
ARy 0 ATM at a bank I ._ATM at a shopping mall] l Banking at home | | Mabile banking |
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Therapy for All

Join one million people who already feel happier
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Telemedicine is poised for exponential growth,

... and we may see even more in the future

Projected number of office visits in the U.S., 2015 - 2025

18

s
N

Virtual Visits

o
©

Physical Visits

Office Visits (billions)

2015 2020 2025

Source: Doy or visits could look like. Fortune. May 2, 2017. Available at:

rsey ER. Topol EJ. Here's what your future doct :
b ot 200 oo AL AR 2017 /
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Patients tend to ‘Prefer’ Longer Visits,
Over Shorter..... (Zocdoc Study )
» “...The displayed appointment book might give — :
consumers a signal of in-clinic service time, with

a shorter duration decreasing consumer

demand...”

« “.. consumers in Manhattan care more about

waiting time, whereas consumers in the other prr————
boroughs care more about service time...” B
“The Effect of Online Reviews on Physician Demand: A Structural Model of

Patient Choice” by Yuqian Xu, Mor Armony, and Anindya Ghose
(Working Paper, Stern School of Business, New York University,
2016) '

What Are Wait Times to See a Specialist?
An Analysis of 26,942 Referrals in
Southwestern Ontario (2012)

|||||||||I||h‘nﬂ|||

100

Median wait time (days)

Y (0 AN
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The Health Care Waiting Game
Long Waits for Doctors’ Appointments Have Become the Norm
New York Times, July 5, 2014

Waiting ... and Waiting ...

Average time to get five kinds of appointments for new patients in 2013, from a survey of 15 metropolitan areas. JuLys, 2014

DERMATOLOGY . . : e \
Average wait in days (including Saturdays and Sundays)
Boston 72
Minneapolis* 56
Philadelphia 49

Denver 37
Seattle 32
Portland, Ore. 27
New York 24
22 Areas where the wait time
21 increased since the last
Dalla 17 survey in 2009,

17

16 Ne change, or decreass.
Atlanta 14

Los Angeles 14
San Diego 14

L (¢) 2019 Prof. Avi Seidmann

( What has Changed from 2014 to 20177 -

the highest
ysician

Key Findings

+32.8% III e o
m. |
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( What has Changed from 2014 to 20177
FArJq] LY };ﬁEDiCINE T

Total Shortest Longest Average Accept
Responses  1ime to Time to Time to Medicaid?
P Appt. Appt. Appt. YES (%)

City

Boston, 2017 3 days 3 y
Boston, 2014 2 days 152 da
Boston, 2009 17 Ia 365 da

Los Angeles, 2017
Los Angeles, 2014
Los Angeles, 2009

Portland, 2017
Portland, 2014
Portland, 2009

Miami, 2017 2
Miami, 2014 f
Miami, 2009

Atlanta, 2017
Atlanta, 2014 2
Atlanta 2008 sddmann 18

s N
Motivation

* Patients have some expectations when they come to see the
specialist.
® Expect to spend “quality” time with the specialist.
e All patients are “different” (Distance, morbidity condition...)
® Perceive more time with the specialist as providing higher quality
® Expect to get an appointment within minimal waiting time.

* Specialists (MDs) have a finite capacity for treating patients.
® Expects to be paid a fair fee per office visit
® Address the broad spectrum of heterogeneous population

® Need to balance long-term patient expectations with short-term
revenue generation.

® Each patient walking into the clinic generates a negative
externality for the other patients.

\ (c) 2019 Prof. Avi Seidmann j
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Our Research Questions today
* How to identify and measure the operational impacts of
telemedicine?
* Why should a “busy” specialist offer telemedicine?
® What is the impact of patients heterogeneity on the
optimal operation policy of the specialist?
®* Who wins and who loses from using telemedicine
technology for Chronic Care Delivery?
e Medical Outcomes
¢ Economics
® Operations
() 2019 Prof. Avi Seidmann
The Utility Function for Patients
YA ppx) =
Clinical Utlhty
m—t(x) —Qw) —EWQA,u)— pp=0 Vx <Xp.
/ \\ Co-insurance
Heterogeneous

Pe’s Utilit Delay/Opportunity cost of Time
Y Disutility of Faster Service

Equilibrium Arrival Rate

A0 =4 | g f)dx
0

Density function

(¢) 2019 Prof. Avi Scidmann 1 if chooses to seek treatment
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Equilibrium for patients

Patients seeking treatment Untreated patients

A A
[

/

[ O o
4
Specialist’s location x* Xm

x* =inf{x = 0: Y(AF(x),p, 1, x) < 0and AF(x) < u} A X

AzAfxf(x)dxz AF(x™).
0

(¢) 2019 Prof. Avi Seidmann

4 M
The Physician Optimization Objective

Revenue Maximization Objective:

_IpApw), ifp=0andpu>Ap,w
Rp. 1) = { 0, otherwise.

R* = max R(p, u).
p.uz0

Social Welfare Maximization objective:

Xm
VA=A m—t(x) g.() flx)dx.
0
_ V) + A=) —EWQA, W),  ifu>A
U, ) = { 0, otherwise.
(c) 2019 Prof. Avi Scidmann U* = maX U(Aﬁ ﬂ)'
\_ A20,120 j
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Solution to Revenue Maximization:
Proof approach

Theorem: Equivalent Specialist Revenue

p(A, ) A, ifAe[0,Aland u > A

0, otherwise.

function
RO = {

max R(p, 1) = max R(A, p).
p,u=0 Auz0

(¢) 2019 Prof. Avi Seidmann

s N
Solving the Optimization Problem

The Specialist’s Revenue Maximization Objective
Problem 1= R(p, 1) =

pAp,p), if p=0and u>Ap,p)
0, otherwise.

R* = max R(p, u).

p,uz0
Problem 2 =
5 p(Auw) 4,  ifie[0,A]land u > 2
R\ ) =
@) { 0, otherwise.
i PEERER = A RAR) )
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Established Bounds on the Service Rate

s =ap (7m0 ()

Lemma2:If u > Q 1(M,) orifu < 7\+— then

R\, w) =0forany u = 0and A€ [0,A]. A1501f7\>K then
R\, w) =0 forany u = 0.

R* = sup R(A, ).
=0, 7\+%SMSQ_1(M1,)

(¢) 2019 Prof. Avi Seidmann
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Results: Optimal Service Rate

Let Y(2) be given by {,u: Q'(w) — (”_;Mz =0andu > )\}.

i. Lemma 4: If there exists  such that p(A, u) > 0, then

max R(p(h, 1),1) = R (p(y ),y M)

max UQ,p) = U ALy®)

ii. Lemma 5:y(}) is a well-defined continuous function for any finite
constant:

M>0and0 <y’ () = 2¢

2c+(YM)-23Q" (y) ~

<1

\ (c) 2019 Prof. Avi Seidmann J
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Optimal Arrival Rate (Patients Load)

v+ 100 - Q(Y0) = o5 — ~ oy =

Proposition 1. Consider two travel burden functions t; and t,
such that t; (x) = a and t,(x) = t(x) + a for some constant
a = 0, forall x = 0. The following results hold:

A" =2,
(i) If in addition A;* > 0 and }\2* > 0, then py* = p,*.

As the “distance” cost per mile increases the optimal service rate of

the specialist decreases:
*  Specialists will treat fewer patients , as per (i)
. Specialists will tend to compensate for the traveling burden

by spending more time with the patient, as per (ii)

(¢) 2019 Prof. Avi Seidmann

s N
Analytical Results

. Given an arrival rate, the optimal service rate (for the specialist)
will be non-decreasing with the arrival rate, 0 <y'(d) < 1.

II. Proposition 2: A specialist trying to
generation rate will as

compared to a specialist trying to maximize social welfare.

‘U.R* < ﬂs* and }\R* < }\S*

. As the “distance” cost per mile increases the optimal service rate of
the specialist decreases:
®  The optimal decisions of the and the

welfare maximizer diverge.

(c) 2019 Prof. Avi Seidmann
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/
The impact of “Distance” Cost
P —mmmmce——__ 1
B N —
- =
g 20 \\\.‘ \ - 0.6 %
AN N S
N L 4 1
S B
P i T TP - 0.2
0 ‘ ‘ 0
0 5 10 15 20
"Distance" cost
=—pu* Rev ==p* Wel ——Util Rev¥ ==Util Wel*
() 2019 Prof. Avi Seidmann
a ™
Fixed Prices Case (Before TM)
14 i
10 : / \ 000
R e N\
/ \\
o 1 ~
Q 1
t |/ TN
vy H \
1
0 00 00 P;;l;e 00 500 600
—w¥(p) ——us* ——Revenue (p)
\ (c) 2019 Prof. Avi Scidmann J
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Fixed Prices Case (Before TM)
1200 ~L Pl
LN\
T NN
AN ¢ N\ E
£ ./ N\ 8
/ AT
! N\
" b Price v " "
—Revenue (p) —Total Welfare
e N

What does Telemedicine change?

¢ Telemedicine “almost” removes the distance
factor from the equation.

® The distance “cost” reduces but is not removed

altogether.

® Patients may bear an initial fixed set-up cost ($ S) if
they opt for telemedicine.

* Out-of-pocket costs for the patient per visit ($ ﬁpt)

® Patients, based on their utility may choose to (i) opt

out of treatment or (ii) choose treatment in person or

\_ (ili) choose treatment through telemedicine Y,
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Patients Feedback Data:
The Relative Convenience of Visits

Convenience of visits
90%
80% -
70% -
60% -
50% -
40% - M In-person (n=26)
30% - B TM (n=35)
20% -
10% -
0% -

Excellent  Very Good Fair Poor NA
good

More Patients Found TM Convenience to Dominate In-Person Visits Overall

(c) 2019 Prof. Avi Seidmann

Patients Perceptions about their
Length of Visit with the Doctor Data

Length of visits
80%

70%
60% -

50% -

40% -~

M In-person (n=26)

30% + B TM (n=35)
20% -

10%

0% -

Excellent  Very Good Fair Poor NA
good

Patients Perceptions were Identical for both Modalities

Yet: In-Person: i, = 2,and forTM pu,=3

w) 2019 Prof. Avi Seidmann
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Utility function for Patients Choosing
Telemedicine

Fraction TM visits and (1 — @) in-person visits

a
s Fixed Setup cost of Telemedicine
r Proportion of time for in-person visits
m; —m; Difference in medical utility for telemedicine and in-person visits

(1-a) (mi —t(x) — Q) — Bpi — ﬁ) +

“(mt_Q(lit) — Bpe — (1_r)cut_}\t>_5.\

T Fixed setup

Co-insurance costs of TM

Opportunity

Medical Utility Disutility of
cost of time

(c) 2019 Prof. Avi Seidmann  Fact Service

<

a
Equilibrium for Both Patients Groups

Patients switching Untreated

In-person patients toT™M patients

—

- Tt

Specialist’s location

m

0 X —

New patients

Xm
Ain = A gx(i) f(x) dx.
0

Xm
Aem = A j 92 (Of () dx.
0

\ (c) 2019 Prof. Avi Seidmann
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Va

Coverage Parity vs. Payment Parity

+ Coverage Parity — requires plans to cover services delivered via telehealth
to the same extent the plan already covers the services in-person

+ Scope of services is unchanged
+ Language may also protect patients from cost-shifting

+ Payment Parity — requires plans to pay providers for services delivered via
telehealth at the same rate the plan pays the provider when the service is
provided in-person.

(c) 2019 Prof. Avi Seidmann

252 = B < 4
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/ China: China's Health Authorities Issue New Rules on \
Telemedicine

Last Updated: 26 September 2018
Article by Katherine Wang
Ropes & Gray LLP

v

Your Linkedin
Connections at Firm

La B = TR ol e

On September 14, 2018, the PRC National Health Commission ("NHC") promulgated three administrative
measures | (the "Measures”) to regulate telemedicine. The Measures recognize the legitimacy of emerging
internet-based healthcare services, in addition to traditional telemedicine services defined by the existing
regulations. By way of background, the NHC defined telemedicine narrowly in its 2014 Circular. Telemedicine
only referred to physician-to-physician consultations by means of modern information and communication
technologies. The Measures broaden the scope of telemedicine to include internet-based diagnosis and
treatment offered by hospitals to their existing patients, as well as internet hospitals that offer online diagnosis
and treatment of common and chronic illnesses to all patients.

Remote physician-to-physician consultations

The Chinese authorities began to regulate remote physician-to-physician consultations in 1999. 2 The
Measures further clarify that remote physician-to-physician consultations cover two major scenarios:

a. One medical institution renders remote healthcare services at the request of another, to assist with
patient diagnosis and treatment through information technology.

b. A medical institution or a third party establishes a telemedicine platform; another medical institution
registers on this platform as a user to render remote healthcare services at the request of the inviting
medical institution or through matching services by the third party.

A Siccl ibaticn o i bk Lo focil o PR Y

The Clinical/OM/ECON Impact of TM for Chronic Care
- Key (Analytical & Empirical) Conclusions
Impact on Patients: Impact on Specialists:
B / 1 y ® (+) Visit length gets shorter.
[}
() Better/same overall care quality. (+) MD Utilization increases.
® (+)Total Patients’ welfare increases. o (+) Treats more patients
® (+) The price per visit goes down. MD Capacity Increases.
.. . ® (-) Pri isit will go d .
® (-) Increased waiting times for ) r?ce per V}Slt Wi , go own
. Optimal to partially subsidize the
appointments. Patients’ technology setup costs.
¢ (=) The expected face-to-face times o .(+)Yet, the overall revenue will
¢ shorter increase.
et shorter.
S ® (+/+) In the long run:
® (+/-)Yet, not all patients share the e Gain market power
same TM benefits: ® Reduce clinical office costs
* Patients nearby will suffer from reduced utility. Partition the ,VISItS:
) w , . ) ¢ Interventional do F2F
* Patients located “farther away” benefit relatively + Pre/Follow-ups withTM
more.
The ‘Demographic Impact’ issue

°
\(v) 2019 Prof. Avi Seidmann J
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Important Applications
Data-Intensive Medical Research

¢ 1. Diagnosis support research from common conditions
to complex diseases typically build upon comparative Al/Stat
studies with similar persons

¢ II. Consumer-directed diagnostic testing from fertility
at-home to blood or saliva samples mailed testing

e IIl. Image analytics for radiological diagnostics aim
to support early detection, treatment planning and disease
monitoring in oncology, cardiology and other areas.

(¢) 2019 Prof. Avi Seidmann

Important Applications
Data-Intensive Medical Research

* V. Price transparency aimed at allowing patients a more

personalized view into their treatment options.

* V. Provider search and ratings should allow patients to read
reviews of potential providers in hopes of making informed care

decisions.

¢ IIl. Physicians’ staffing, appointments and scheduling
including wait times at urgent care clinics, allowing users to
book appointments, most within (two hours), manage the
timing of specialty procedures and deal with last minute Patient

or MD cancellations of an appointment.

(c) 2019 Prof. Avi Seidmann
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Our Talk Today .}ﬂ‘\“

e Lessons from Galileo Galilei

® Observations can be misleading. ..
¢ 1. Information Hang-overs in Healthcare Service Systems
¢ The value of systematic (end to end) process flow analytics
¢ 2. DoesTechnology Substitute for Nurses?
¢ The data and economics of process flow automation
* 3. The Operational Effects of Telemedicine on Chronic Care
¢ MDs and Patients as players in complex Non-Atomic Games
* Overall Data & Analytics Insights from it all
® Why Medical Schools start teaching Medical Informatics

(¢) 2019 Prof. Avi Seidmann

Overall......

*Data will tell us what did happen

® Models can tell us what an
‘alternative future’ may look like, and
explain the data we see

*Ideally, use both in your research to
calibrate and to verity

*In Physics: To get a Nobel, each new
theory (Model) requires experimental
validation (Data)

(c) 2019 Prof. Avi Seidmann
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