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A Health System 
¢Ƙŀǘ 5ƻŜǎƴΩǘ ²ƻǊƪ

ÅUnsustainable cost (18% GDP; 2x inflation)

ÅPoor quality and safety compared to other developed 
nations

Åά{ǳǇǇƭȅ ŘǊƛǾƛƴƎ ŘŜƳŀƴŘέ όaŎ!ƭƭŜƴΣ ¢ŜȄŀǎύ



Health Care Quality:
A Coin Flip?
Å54.9% received recommended care overall

Å53.5% received preventive care

Å53.5% received acute care

Å56.1% received recommended care for chronic 
conditions

McGlynn E, et al. N Engl J Med 

2003;348:2635-2645
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Solving Big Problems

No problem can be solved from the same level of 
consciousness that created it.

Albert Einstein

The creative solutions to most big problems come from 
groups of people with very different backgrounds 
working together.

Corollary: It can be very uncomfortable to work with 
people who are not like youτbut it is essential to do it!



Disruptive Innovation in 
Healthcare

Dafnyand Mohta, NEJM 
Catalyst 2017



Building a Better Delivery System
Goal: to transform the U.S. health care 

sector from an underperforming 

conglomerate of independent entities 

(individual practitioners, small group 

practices, clinics, hospitals, pharmacies, 

community health centers et. al.) into a 

high performance "system" 

Å Systems-engineering tools

Å Information technologies 

Å Complementary knowledge in social 

sciences, cognitive sciences and 

business/management 

NAE/NAM 2005



What Specific Disciplines?

ÅPhysicians

ÅNurses 

ÅPharmacists

ÅSocial workers

ÅPhysical therapists

ÅΧΦ

ÅOperations research

ÅData analytics

ÅDevices/wearables

ÅHuman factors 
engineering

ÅHuman-centered design

ÅΧΦΦ



Examples of Problems



The App Marketplace

ÅSeveral hundred thousand health apps
ÅBillions of dollars being funneled in

ÅBut most not targeted at chronically ill, may not be 
usable by sickest patients

Did a review of health apps for chronically ill:

Singh et al, Health Affairs 2016

ÅConsumers' ratings were poor indications of apps' 
clinical utility or usability

ÅMost apps did not respond appropriately when a user 
entered potentially dangerous health information



Findings

Clinical expert 
involved No patients 

involved
22%

Clinical expert 
involved Patients 

involved
11%

No clinical expert 
involved No patients 

involved
67%

Were clinical experts and patients involved in app 
development or quality control?



Findings

No
78%

Yes
22%

Does the app reward the user for engaging with the app 
or achieving health goals?





Results
ÅThree groups
Å9 caregivers

Å10 patients with depression

Å10 with diabetes

ÅGiven condition-specific tasks
ÅEnter your blood glucose

ÅCompletion rate 43% without assistance

ÅKey themes
ÅLack of confidence with technology

ÅFrustration with design features and navigation

ÅInterest in having technology to support their self-management



Use of User-Centered Design by 
Vendors

ÅRequired as part of meaningful use

Å11 vendors studied

ÅFell into 3 categories
ÅWell-developed UCD

ÅBasic UCD
ÅUnderstand importance but do not have UCD fully integrated 

into environment

ÅMisconceptions of UCD
ÅNo UCD in place
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Predictive Modeling: OB Census
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ÅPatients Care Services leverages 
weekly and seasonal trends to flex 
their staffing. However, without 
better tools they cannot perfectly 
align staffing with census and acuity 
(Hours per Work Load Index)

1. Estimated based on reducing the FY14 Q1 CWN8 actual compared to budgeted HPWI by 50% and annualizing 
the savings. Assumes an average hourly rate of $55

2. CWN8 FY13 labor expense was $7.1M

ÅIf Patients Care Services had the 
tools to reduce the gap between 
budgeted and actual HPWI by 50% it 
could save ~$230k per year on 
CWN8 alone1

Without Predictive Modeling With Predictive Modeling
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Examples of Solutions



Six Use Cases:

ÅHigh-cost patients

ÅReadmissions

ÅTriage

ÅDecompensation

ÅAdverse events

ÅTreatment 
optimization

Big Data in 
Clinical Care



High-Cost Patients
ÅAbout 5% of patients account for 50% of spending
ÅFirst step in managing population is identifying this 

group

ÅNeed to include data about mental health, 
socioeconomic status, marital and living status

ÅIdentification of specific actionable needs and gaps
ÅCan make managing these patients much more cost-

effective



iCMPClaims-Based Approach
ÅUses LACE to risk stratify

ÅClaims data from past 12 months

ÅClinical conditions from a list of ~30 are categorized 
as high, moderate or low acuity

ÅCombinations of conditions from each category 
determine level of clinical complexity

ÅHospitalizations, ER visits and other types of 
utilization trigger inclusion



Population

ÅAbout 3000 patients currently

ÅMajority female (61%) 

ÅElderly (mean age 71, range 21-102 years)

Å32% with a mental health diagnosis

ÅAn average of 17 medications per patient

ÅPMPM ~$2000

Å2-4 times higher than average

ÅHospital admissions account for > 50% of costs



iCMPIT Infrastructure

ÅPatient registry 

ÅNotification of admissions, ER visits

ÅEHR tools

ÅiCMPicon to encourage communication



Population-Level Reduction in Inpatient Admissions

Å2,064 inpatient discharges from BWH 2/1/13 ς12/31/14

ÅAverage admit per 1000 rate Feb 2013 ςDec 2013 was 49 and in 2014 was 40
Å18% reduction
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EarlySense: Continuous Patient Supervision on 
General Care Floors 

LCD monitor bǳǊǎŜΩǎ ǇƘƻƴŜ/ŜƴǘǊŀƭ bǳǊǎŜΩǎ {ǘŀǘƛƻƴBed side monitor

Full floor overview 
at a glance

Real time alerts to 
nurses  & 

supervisors + 
reports on team 

performance

Nurse / physician 
communication

support

Facilitation of 
critical thinking 

by nurse 
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Continuous Monitoring in an Inpatient Medical-Surgical Unit: A 
Controlled Clinical Trial

Demographics and Clinical Baseline Information for The Study Unit

Control Unit Intervention (Study)Unit

Baseline 
(Pre)

Control 
(Post)

P Value
Baseline (Pre)

Interventio
n (Post)

P Value

Patients, n 1535 2361 1433 2314

Age, mean (SD)
49.8 

(19.6)
49.6 

(20.3)
0.76 49.5 (19.6) 49.3 (19.9) 0.73

Males % 46.2 45.0 0.57 44.5 48.9 0.04

Acuity Level*, 
mean (SD)

2.9 (0.4) 2.9 (0.4) 0.36 2.8 (0.4) 2.8 (0.4) 0.70

Charlsonscore, 
mean (SD)

1.8 (2.4) 1.9 (2.4) 0.62 1.8 (2.3) 1.8 (2.4) 0.61

Harvey Brown, MD,a Jamie Terrence, RN,a Patricia Vasquez, RN, BSN,a David W. Bates, MD, MSc,b,c

Eyal Zimlichman, MD, MSc b,c.   The American Journal of Medicine. March 2014, Volume 127, Number 3
a. California Hospital Medical Center, a member of Dignity Health, Los Angeles; 
b. ¢ƘŜ /ŜƴǘŜǊ ŦƻǊ tŀǘƛŜƴǘ {ŀŦŜǘȅ wŜǎŜŀǊŎƘ ŀƴŘ tǊŀŎǘƛŎŜΣ 5ƛǾƛǎƛƻƴ ƻŦ DŜƴŜǊŀƭ LƴǘŜǊƴŀƭ aŜŘƛŎƛƴŜΣ .ǊƛƎƘŀƳ ŀƴŘ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΣ .ƻǎton, Mass; 
c. Harvard Medical School, Boston, Mass.

* Acuity level based on internal acuity scale of 1 to 4 (4 being the highest acuity)Total # of patients: 7643
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Continuous Monitoring in an Inpatient Medical-Surgical Unit: A 
Controlled Clinical Trial

Study Outcomes Comparing Study Units Before and After Implementation of 
Monitor

Control Unit Intervention (Study)Unit
3 Arms 

p 
value*

Baseline 
(Pre)

Control 
(Post)

P Value
Baseline 

(Pre)
Intervention 

(Post)
P Value

% 
Reduction

LOS in Med. 
Surg./ Units 

(mean)

3.80 
(1.26-
4.25)

3.61 
(1.19-
4.12)

0.07 4.00 3.63 0.02 9% < 0.01

LOS in ICU for 
patientscoming
from Med/Surg. 

units (mean)

1.73 
(1.06-
2.28)

4.48 
(0.94-
4.09)

0.01
4.53

(2.33)
2.45

(1.85)
0.1 45% 0.04

Code Blue 
Events/ 1000 Pt.

3.9 2.1 0.36 9 (6.3) 2 (0.9) 0.05 86% 0.01

* P ïvalue comparing 3 arms: intervention unit post, intervention unit pre and control unit post



Alert Frequency and Positive 
Predictive Value
ÅEarlySensehad 2.2 alerts per 100 recording hours 
Å50% resulted in nurse action

ÅPulse oximetry, telemetry, cardiovascular monitors 
have 161-730 alerts per 100 hours
ÅMuch lower proportions result in action



Economic Analysis of Smart 
Monitor
ÅModeled only ICU length of stay and pressure 

ulcers

5-year ROI Annual Benefit Breakeven

Base Case $9.1 million $2.1 million 0.5 years

Conservative $3.3 million $0.66million 0.75 years

Slight, Critical Care Medicine 2014



PROSPECT MICU Results

Pre-
intervention

Intervention P-value

Preventable harms/ 1000patient days 65.2 46.6 <.001

Overall hospital rating (patient) 71.8% 93.3% <.001

Overall satisfaction (care partners) 84.3% 90.0% <.001

Mean global concordance overall goal
of hospitalization

26.9% 34.0% <.001

Resource utilization
ÅMean (Median) Length of Stay (days)
Å30-day hospital readmission

4.9 (2) 
19%

5.0 (2) 
18.4%

0.61
0.82

Dyke, Critical Care, 2017



Making Acute Care More Patient-Centered
ÅConducting three core projects over a four-year 

period
1. Fall Prevention Toolkit
2. Patient Safety Checklist Tool
3. MySafeCare

ÅFocus on patient safety, development and 
enhancement of tools, health system interventions, 
and translation into practice

ÅArchitecture overview
ÅTools are web-based, built outside of Epic but use data from Epic
ÅRequire some services



Unit-Level Dashboard



Patient-Level Dashboard

ÅData from EHR (and Safety Checklist in MICU) used to describe 
high-risk states alerted in unit-level dashboard


