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“*We need complete, accurate and
contextually aware data”

"Why can’t this be
automatically put in the
medical record?”

“Can | know in real-time how
many ventilators | have?”

User Requests

“Health data must be
contextually aware”

"*Why can’t | manage my
devices remotely?”

“how do | take my 30 years of
experience and use it to help a new
physician provide high quality

healthcare?”
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“*We need to change what is
expected of technology in
healthcare”

“*Why can’t | pause an infusion
pump when the person is
overdosing?”

"l need to keep a patient

alive for 5 days without a
doctor present with what | carry
in my backpack”

“l want to monitor every patient at every
bed in every country | have a hospital”



Problems /

J. Goldman, MD MGH

* Architecture
*Data
*Process
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Architecture

ﬂu
I ’ New Solutions
A 4 A // Medical Device

HIT/Device Solutions

-~ Device, point solutions and EHR are
proprietary and vertically integrated.

* Integration is expensive, complicated &
incomplete

* No way of bringing the data back to innovate



Data

* EMR data is infrequent

* Poor data quality

* Proprietary vertically integrated data creates
analytics and clinical solution challenges

* Lacks consistent time stamps

* Lacks contextually complete data




Process

Interpret Journals?
Results

AL Feedback
Data
A Problem
of Interest
Assemble Change
Relevant
Data

Decision to Study

http://www.learninghealthcareproject.org/section/background/learning-healthcare-system
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Learning Healthcare System + Systems Engr

Interpret Journals?
Results
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A Problem
of Interest
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Patient Centered
(Patient is the Source of Data)




How Do You Close the Loop?

* Using an ICE architecture highly granular patient can
be collected (ASTM F2761)

* ~1.5—2 GB per day per critical care bed

. is collected from multiple devices in a vendor agnostic,
data centric, structured data model

. can be used for real-time and historical analytics

° can be viewed from both a clinical and operational

perspective
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Clinical Data View
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PATIENT MM1234567 Name: Smith, Joan
Sex: F Age: 74Y Location: ICU2 Bed 33

View Trends &
Waveforms
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Bed Utilization Analysis

Total Patient Admission Events Data can be used

Total # of Unique Admitted Patients Average # of Unigue Patients Admitted per Day
814 5.0

for operations
retrospectively
and in real time.

Patient Bed Utilization (hrs)

Total ICU2 Bed Utilization (hrs)  Total ICU2 Bed Utilization (days)  Avg ICU2 Bed Utilization per Bed per Day (hrs/day)
29,060.18 1.210.84 g

oA 1

6 month analysis using platform data Auqust 2017 analysis

% Bed Utilization in ICU2 (10 Beds Total): 01/08/2017 - 31/08/2017

% Bed Utilization in ICU2 (10 Beds Total): 01/03/2017 - 31/08/2017
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Individual Bed Utilization by Day/Hour

Time Period of 01-AUG-2017 - 31-AUG-2017 (31 days) Page 2

August 01- August 31 Bed Utilization Timeline
- bed is

occupied -—'-m-_

« Canbeprovided |8 L .
in near real time

(i.e. operations
dashboard)

* Granularity to
sub sec




Length of Stay Analysis

Length of Stay by Day
Length of Stay by Day Admitted
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Why are Sunday and Monday discharges SO much longer?

Average Time (hrs) from Patient Extubations to Discharges by: Discharge Day of Week Total

extubation is

456
determined by when
idal volume is no
”:'” longer available
rom ventilator

Sunday Monday Tuesday Wednesday Thursday Friday -:_:turm_..

Ay -]-:_| a Time |.hr'_-:_-



Research article
Exploring if day and time of admission is associated with average
length of stay among inpatients from a tertiary hospital in

Singapore: an analytic study based on routine admission data

Arul Earnest’!, Mark IC Chen*'! and Eillvne Seow'?

Interpret b cmenof s Tdnko;, T Tock S ol S and ey D, 1 Tk
Results '

Bed stays increase if you are in hospital over the

Analyze
Data weekend = Publish Paper = no way to deploy solution
A Problem
of Interest
Assemble
Relevant
7809 Data

) DECB B).4 Decision to Study



Closing the Loop

New solutions can be deployed

Data is collected continuously
Improvements are continuous based on data
Innovation is enabled

Scale with new Apps on platform

Interpret
Results Build App/
Implement process
Analyze
Data
Feedback
A Problem
of Interest
Relevant Change
Data Available Measure
Outcomes

\ Ask a Question



Medical Internet of Things Creates Platform

Slower Cycle

Different
Problems

Shared Platform base for
multiple solutions being solved
Independently for improvements

Platform

http://www.learninghealthcareproject.org/section/background/learning-healthcare-system



