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« Smartphone-based Hemoglobin Analyzer (sHEA) (Kenya)
» Diagnosis-Based Demand sensing and Digital tracking (Uganda)
« mCARE: Mobile based autism care (Bangladesh)
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SMARTPHONE-BASED HEMOGLOBIN ANALYZER (SHEA)

« Affordable, portable, and user-friendly solution to the global anemic
community

» Anemia affects 24.8% of the global population (1.62 billion people)

» In Africa, anemia affects two thirds of preschool-age children and a
half of women

 When anemia is not detected and managed in a timely manner, it
can result in major health consequences
— Fatigue
— Heart failure
— Pregnancy disorders
— Poor physical/cognitive conditions

« Early and accurate diagnosis of anemia can reduce a need for
complicated treatments
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OBJECTIVE

Develop a mobile imaging technology for non-invasive
assessment of anemia

Aims:
1. Build a dual telecentric imaging system to provide a platform for
estimation of hyperspectral information from RGB image data.

2. Conduct clinical studies using the dual telecentric imaging system,
to acquire data set to develop algorithm for reconstruction of
hyperspectral data from RGB.

3. Development of the mobile app and usability testing
4. Measurement on the accuracy of the app on real life subjects
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Technology | Bloodless Smartphone embedded Sensing site | Accuracy and
(noninvasive) | (cost-effectiveness) precision

(comparable to
blood tests)

i-STAT No No (stand-alone) NA Yes

HemoCue No No (stand-alone) NA Yes

Haemospect No No (stand-alone) Finger Yes

OrSense Yes No (stand-alone) Finger Yes

ToucHb Yes No (attachmentrequired) Finger No

HemoGlobe Yes No (attachmentrequired) Finger No

HemaApp Yes No (attachmentrequired) Finger No

Pallorexam VYes Yes Eyelid No

Eyenaemia  Yes Yes Eyelid No

sHEA Yes Yes Eyelid Possibly Yes
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CHALLENGE

‘Virtual’ hyperspectral imaging

RGB image _ Hyperspectral
i -»
of eyelid Image data

A |

Accurate and precise Hgb
(comparable to blood tests)
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Imaging system design

Instrumentation Acquisition software

Algorithm development

Reconstruction from RGB Hemoglobin estimation
Mobile app design

Test data

Hemoglobin phantoms Human volunteers

Human studies

“

Kenya (AMPATH) Local IRB
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TWO-STEP ALGORITHM

Reconstruction from RGB

1. Acquire hyperspectral and 1.
RGB training data set, with
known Hemoglobin values

2. Develop conversion matrix

from training data set 2.
3. Convert RGB image data to
hyperspectral information 3

Hemoglobin estimation

From training data set,
determine ratio of long to short
wavelength in hyperspectral
data

Build prediction model for

Hemoglobin concentration from
wavelength ratio

. Apply prediction model to

hyperspectral data to estimate
Hemoglobin value
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HYPERSPECTRAL IMAGE RECONSTRUCTION

For a simple approach to instrumentation development, hyperspectral
information can be reconstructed from RGB data.

This reconstruction algorithm consists of a conversion matrix T
created from a training set such that

Rme — Xm><3 T3><N

Red (R) RGB Image ‘

Green (G)

Blue (B)

2
2
X B G R
\ Wavelength & )

T is obtained via least squares method to minimize differences
between original and reconstructed spectra.
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HEMOGLOBIN ESTIMATION ALGORITHM

1) Polynomial fitting to Hemoglobin spectra

2)

Ratio of long and short wavelengths VS

hemoglobin concentration

25

Mean intensity (a.u.)
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Wavelength (nm)

ratio [a.u.]

ratio vs [Hb]
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IMAGING INSTRUMENT

Spectral camera

- Dual Imaging Port g
Spectrograph

Color CCD
camera

ag,

' Halogen Lamp

+ optical fiber
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IMAGING INSTRUMENT

Dual HS & RGB Imaging System Virtual Instrument

Instructions:
1- Press FOCUS and adjust patient position for imaging. Press STOP to pause. Wait unil camera temperature READY light is on.

Focus m Stop
4N 2- Enter PATIENT ID and save directory. Adjust Imaging Parameters. Press ACQUIRE to save images. Press END PROGRAM.

2448x2048 0.18X 32-bit RGB image 55,32,16  (2409,2042) I

E .| %
. Imaging parameters R I - B Cursor pos
Save to file path k .
— — Exposure time # accumulations
% C:\Users\ykimadm\ = = ol - 1
| S — | RGB |[Z][160 |jme |51
. / \ Acaui Scanning progress 1] # images
: = = r cquire 1 .
Patient ID MVO2 ~] 1 Ar—— 1B |00 | = OTTNE B | | acquired
Hst 3 ||@ S| —

24566 | — |

HSI Camera Temperature
44 |lec ') Ready

22000

®l

B End program

M523 10n %k (2017)
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EYELID IMAGING
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REGION OF INTEREST

ROI=Cropped image

Eyelid (Flash Off)

Eyelid (Flash On)

’
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ConvNet is

» aclass of deep, feed-forward artificial neural networks

+ successfully been applied to analyzing visual imagery

* makes the explicit assumption that the inputs are
images

There are three main types of layers:
» Convolutional Layer,
* Pooling Layer, and

 Fully-Connected Layer.
*We will stack these layers to form a full ConvNet architecture

Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected

—_

—

CONV layer:
* compute the output of neurons

—” « computing a dot product

* between their weights and a small region

POOL layer:
* perform a downsampling operation
* along the spatial dimensions (width, height)

Fully-connected layer

* compute the class scores

* where each of the 10 numbers correspond to a
class score (for 10 categories)

Regenstrief Center PURDUE

for Healthcare Engineering



\\\\\\\\\\\}\s\

|
Ay |

Image with light on Image with light off

l l

— . a4
- .5 — S
Normalized Image =

T

WS with light on WS with light off

linear convolution layers

— — global average softmax classifier

Convl Conv2 Conv3d Conv4 Convs

mlpconv layer

Traning

'&images/

A=Y

Regenstrief Center PURDUE

for Healthcare Engineering SN VER STy




GURRENT STATUS

* Moi University Kenya
* 60 subjects
« System and 3 phones
— Samsung Note 8 plus
— Iphone 8 plus
— Samsung J3
* |U Simon and Melvin Cancer Center
— 144 subjects
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DIRGNOSIS-BASED DEMAND SENSING
AND DIGITAL TRACKING (DBDD)

« Every two minutes, a mother dies from
preventable causes related to childbirth

« 99% of maternal deaths occur in
developing countries, and complications
from pregnancy and childbirth are

leading cause of death among girls age
from 15-19

« The UN Commission on Life-Saving
Commodities for Women and Children,
identified a list of 13 commodities that
could save the lives of more than 6
million women and children

Family Planning

emergency
contraceptive
pills

: contraceptive
e f implants

Maternal Health

- =
L
|z o=
) misoprostol 4
oxytocin .
WE SUPPOR magnesium

¢ i % EVERY WOMAN sulfate

)

5

Regenstrief Center
for Healthcare Engineering

emale
condoms

Child Health

amoxicillin A=l
ORS & zinc
Newborn Health
.
. = injectable

AT = T
er .\ ‘ antibiotics
]

S
newborn resuscitation kits
antenatal

S corticosteroids
= (ACS)

PURDUE



PROBLEM STATEMENT

« Impacts system responsiveness to the needs of lower-level health facilities with

paper-based reporting and requisition systems.

« Pharmaceutical supply stock-outs and expired medications weaken overall health

systems’ abilities to respond to healthcare needs and put MCH at risk.

* Findings from Kojja health center IV at Mukono district:
Requires 2-3 days to prepare the bi-monthly orders

Replication of the same information in different register books
Predicting future orders just by guessing results in unusual stock-out or over-stock

Lack of stock management system to monitor lab test commodities

Acquisition form of
medical commodities

Paper-based antenatal
patient registers

Medication expired in
December 2017

Regenstrief Center
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Target Group: Maternal and Child Health (MCH)
Needs:
— Increase availability and timely access to supplies reporting and requisition systems
— Reduce the cases of supplies stock-out and overstock of targeted medical supplies
— Improve patients outcome (e.g. reduction in maternal mortality rate, quality of prenatal care)
Why:
— Lack of digitalized supply management system impedes the access to data for timely-decision
making
— Pharmaceutical supply stock-outs and expired medications
Solutions: Diagnosis-Based Demand sensing and Digital tracking (DBDD) approach

— Analyze the process of information flow to identify critical path of supplies associated with MCH
in Uganda health system

— Improve the forecast for MCH commodities by digitalizing critical data sets and triangulating
patient data, laboratory data, and stock data
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DBDD SOLUTION

O
Mobile
device

Preliminary Study

The objective of this phase is to identify the flow of data in terms of the quantity and
transaction time of item.
The output includes the data flow chart by integrating previous documents.

Phase 1 — Automation of Inventory Management

This phase is for automating the previous inventory management process and collecting the
data about the usage of individual items for forecasting demands.

1. Inthe initial stage of Phase 1, a basic inventory management system based on safety stock
levels will be implemented and tested.

2. Based on the result, the demand forecasting for each item will be included at the end of
Phase 1.

Phase 2 — Prediction of Demands

This phase is for predicting required order quantities and updating order strategies based on
the data of patients and their arrivals.
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DOGUMENT FLOW CHART

DBDD Document Flow Chart

‘ Documents generated automatically ‘

‘ Document provided for users to fill ‘

Supply

MCH Register

MCH Patient Registration
Form

Lab Orders_

Lab Register

Lab Commodity Request
Form

Test Supply Orders

Inventory Manager

Medicines Orders

Stock Movement Report

Commodity Delivery Notes

Y

'Y

Stock Status Matrix

Loss Report

Predictive

Model

v

Purchase Order Form
EMHS/Lab Consumables

Iy

Discrepancy Report

A
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DBDD ARCHITECTURE

DBDD Architecture
W !
M Web server sqL E—
Centralized ) — f—
Database « I
Local
Database
Limited /
Internet 4
\/
Access / o>‘\
II Open
/ Data Kit
J——I. —_— i;I Export & Import
Mobile
Computer device
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COMPETITIVE ADVANTAGE

— Prompt frontline stakeholders to generate efficient, reliable and
sustainable distribution with the real time data

— Reduce the time needed to prepare orders

— Reduce the cases of stock-out and overstock of targeted medical
supplies

— Improve patient outcomes by reducing maternal, infant and under-5
mortality rate through increasing commodity availability

— Serve as a proof of concept for replacing the current paper-based
system (involving multiple register books with lots of duplicate entries)
with single entry digital system
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SUSTAINABILITY

Investigating Internalizing

The Process of Improvement >

Capability and Understanding >

Triangulation of three key data sets: antenatal register delivery book, stock cards together with the essential
supplies for MCH to optimize ordering practices in primary care facilities

Digitization of critical aspects of key data sets to greatly simplify its capture and management at primary care
facility level

Establishment of predictive models that calibrate based on real-time data along with ensuring higher level decision
making through the use of cloud based platform

Commitment >

Provide valuable evidence concerning the applicability, advantages, and disadvantages of establishing
electronic systems for use at health center IV level

Collaborate with major partners and align our project with other similar initiatives and existing systems
(UgandaEMR, MSH’s Rx solutions) to add value instead of repeating what is already done

Partnership >
Ministry of Health (MOH)

Monitoring and Evaluation Technical Support Program (METS)
National Medical Stores (NMS)
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MCARE: MOBILE BASED AUTISM CARE

« Design and build mCARE, that will allow caregivers to routinely
report, and thus build the personal records of behavioral progress for
each child with ASD

* Improve and expedite the decision making process of the care
practitioners by building appropriate visualization tools to summarize
this information

» Assess the impact of mMCARE on treatment and management
practices around ASD care in Bangladesh.
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METHODOLOGY

Total 300 participants (2-9 years)

NIMH IPNA Nishpap [AWF
mCARE-SMS |50 (C) 50 (C)
mCARE-APP |50 (C) 50 (C) 50 (C) 50 (C)
mCARE-DMP|5 (P) 5(P) 3 (P) 3(P)
Status Public |Public [|Private Private
Location Dhaka |Dhaka |Chittagong|Dhaka
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FUNGTIONALITY

« mCARE-APP

— Behavioral parameters
— Milestone parameters
— Bi-weekly report

— MCARE-DMP log in

— Emergency SMS

« mMCARE-SMS
— Behavioral parameters

« mCARE-DMP
— Longitudinal view
— Multi-parameter comparison
— Pre-defined triggers
— Response SMS
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SEGONDARY DATA ANALYSIS ON
MOZAMBIQUE OPENMRS DATASET

Global scale-up of antiretroviral therapy has been the primary
contributor to a 48% decline in deaths from AlIDS-related causes

Roughly 55% (41%-63%) of 1800,000 people living with HIV in
Mozambique are accessing antiretroviral therapy in 2016

The retention rate (i.e., patients remaining in care and on ART) is
75%, 48% and 37% after one, two, and three years respectively

UNAIDS goal: 90-90-90 (diagnose, ART, viral suppression)

The goal is to improve the retention of patients on ART through
identifying patients with risk to fail in the first line ART adherence

— To use machine learning techniques to predict risk of treatment failure

— To use machine learning techniques to predict lost to follow up and adherence

Regenstrief Center PURDUE

for Healthcare Engineering



DATA (OPENMRS)

 OpenMRS is a scalable, user-driven, open source medical record
system platform that helps to improve health care delivery in
resources constrained settings

» 120k HIV patient data

» Only one or two countries out of 54 African countries utilize
OpenMRS dataset to predict ART adherence

 OpenMRS data possess huge potential to be utilized for secondary
analysis as well as developing predictive models on important
outcome measures for LMIC settings
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PROPOSED METHODOLOGY

Utilize both supervised learning and unsupervised machine learning to
map out key characteristics in predicting adherence behavior of
patients receiving first line ART treatment

|dentify critical features from data dictionary and use them as input to
supervised learning models

Choices of supervised models

* Multiple linear regression

« Support vector machine

« Bayesian classifier

« Artificial neural network
Choices of unsupervised models

« K-means clustering

* Principle component analysis

Develop Bayesian network to enhance the quality of risk stratification
method
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PROGESS FLOW

 One of the objectives of our research: intervention planning for
patients with high risk failing first line ART regimen

* |dentify the features in data dictionary or database

« Adopt features selection principles (PCA, K-means) to extract key
features that maximize the variability of data

 Utilize Casual Bayesian network for efficient intervention planning

[ All features in data base } PCA f Key features maximizing

1 variability of data

Bayesian rules

Determine ancestors of
prediction

Domain knowledge

[ Intervention Planning ]4—[ Making causal inference
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STATISTICAL ANALYSIS PLAN

Associations between socio-demographic or HIV-related variables
and virological failure will be assessed by chi-square test for
categorical variables and the Student’s t-test for continuous variables

Univariate logistic regression analysis will be used to identify factors
associated with adherence behavior and virological failure

N-fold cross validation

Multi-level regression models will be used to identify individual level
(i.e. sex, BMI, age, educational level, marital status, etc.), district-
level, health facility-level and contextual-level (location — urban vs.
rural, etc.) variables associated with viral suppression
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REMEDI - MONITORS/WENTS

[LTRN

)
H EM En | MEMBER HOME COMMUNITY LABS

APPS Y Monitors / Vents: Settings

Monitor p Settings in My Hospital compared with All 20 Hospitals »
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) My Hospital »

Alarms: All p | | Filters: None )
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Unit (Level | Profile) / Priority Priority Distribution in Population

Jpdated: May 15, 2017

Alarm

IV | <34 weeks IV | >= 34 weeks W crisis [l critical / High Warning / Medium [ll Advisory / Low Other
e
Brady - High | mm—T— High 100%
Sp02 Leads Off - High | EEE—T— High 100%
EKG Leads Off - High | mE—T— High 100%
Vfib/Vtach CmC—]  Medium C—WSC—  Medium I 100%
VTach CMC Medium | CWSEC1  Medium I 100%
V Brady ] Medium | CC—]  Medium 100%
Pause [ ] Medium | S Medium _ 100%
Trigeminy | Low | —T—mmm Low N
- o o T
o o T

Transcribing

Prescribing

Dispensing
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PHYSIOLOGICAL MONITOR INFORMATICS

* Phase 1:
— Document of agreed upon terms for physiological parameters

— Document of default values, soft limits and hard limits (where applicable) of
physiological parameters categorized by different vendors

— Document of default values, soft limits and hard limits (where applicable) of
physiological parameters categorized by different profiles and hospitals
 Phase 2:
— Develop a protocol for collecting alarms from monitor devices
— Design and develop a database for physiological parameter alarms
— Develop the analytical and visualization tool based on the collected alarms

* Phase 3:

— Develop a protocol for collecting physiological parameter values from the
monitors
— Start building a 24/7 database based on selected physiological parameters

— Promote evidence based community of practice
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