QMEREN,  DESDE 1902 L+ . -
S g5 INSTITUTO DE HIGIENE E ] SfTUt%E PgbOUCAA
tf 2 , e INTERNACIONAL
& - MEDICINA TROPICAL Sl N E BIOESTATISTICA

/

/PI”S %OO UNIVERSIDADE NQVA DE LISBOA R
g gt‘; \‘;‘H(i Collaborating Center on Health
W'™F Workforce Policy and Planning

SCIENTIFIC CHALLENGES IN DESIGNING AND
IMPLEMENTING PUBLIC HEALTH DATA

MANAGEMENT AND COMMUNICATION SYSTEMS:
The case of HAITool — An Antibiotic Stewardship
Decision-Support System

Luis V. Lapao, Alexandra Simoes, Joao Gregorio, Mélanie Maia,
Pedro PAvoa, Isabel Couto, Miguel Viveiros

4 Julho 2017 woplcal medicire.

HAITooLB



Disclosure of Interest

None Declared.

{ a
\‘@3 Instituto de Higiene ¢ Medicina Tropical
7 [INIVERSIDADENOVA DE LISBOA



FACT #1: POPULATION IS AGEING, GLOBALLY
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FACT #2: PEOPLES’ (not good) BEHAVIOUR IS LEADING TO
CHRONICAL CONDITIONS PREVALENCE

Projected Growth in Population with Chronic Conditions
2013-2025

s History of stroke
History of heart attack

w=Cardiovascular disease

— Disbetes

w——ypertension

w— Arthritis

wwwDyslipidemia

= = Total US population
Asthma

Percent growth {relative to 2013)
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FACT #3: THE GROWING DEFICIT OF PROFESSIONALS
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FACT #4. CHRONIC DISEASES (MULTIMORBIDITY) ALREADY
REACHING TWO THIRDS OF HEALTHCARE COSTS

1980 » $245 000 Million

an average of $1,066 per person

2001 » $1.4 000 000 Million

an average of $5,039 per person

2011 » $2.8 000 000 Mllion

an average of $9,216 per person

Fonte: Heffler et al. Health Affairs, 2002.
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FACT #5: CLIMATE CHANGE AND GLOBALIZATION ARE
CREATING THE CONDITIONS TO MORE INFECTION
DISEASES SPREADING

Vector DENV
Co-infection Genotype
Vector-host immune Virulence
responses Viral load
Abundance Effusion index

Environment
Humidity, Precipitation
Sanitation Host

Breeding grounds Racial factors, genetics
Climate change Aed es VeCtOF Prior DENV exposure
Global warming Resiliency

Population density

0
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HOW SHOULD WE DEAL WITH THIS GROWING GAP?

Ageing will cause a dramatic gap!

Ageing

Demand

Chuantity

b Waiting lists
Supply
Time

O FS THMT
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Fonte: ETHEL (2010)



..MOVING FROM A REACTIVE SYSTEM TO

A MORE PRO-ACTIVE SYSTEM

Home Care

The Continuum
of Care

Residential Care

Assisted
Lrving

The need for Point-of-Care

Skilled
Mursing Facility

$1 $10 $100 $1,000 $10,000

2 W EHrTg R r—— Cost of Care / Day Source: INTEL, 2010




...MOVING FROM A REACTIVE SYSTEM TO

A MORE PRO-ACTIVE SYSTEM

Home Care
The Continuum
of Care

The need for Point-of-Care

Skilled

$1 $10 $100 $1,000 $10,000
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THE DIGITAL REVOLUTION IS HERE...

After Agriculture, Industrial, and Electrical/lgnition Motor Revolutions
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...NEW EQUIPMENTS ARE ARRIVING WITH THE POTENTIAL
TO LEVERAGE THE CAPACITIES OF HEALTHCARE
PROFESSIONALS ... MORE QUALITY AND PRODUCTIVITY..
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... AND REACH MORE PEOPLE AT HOME
somsson THE CHALLENGE OF ORGANIZING NEW SERVICES TO ADDRESS
CHRONIC PATIENTS NEEDS

Ambient Assisted Living — Project COST AAL APELLE - European Union
nternet Door Sensor

Infrared Sensor

MinilPC and
Base Station

Pression Fonte: Lapéo et al. Enhanced Living Environment Business Models in
MR Sensor Healthcare: Examples from across Europe, 2016




INTERNET OF THINGS IN HEALTH SHOULD BE FRAMED
WITHIN THE HEALTHCARE SYSTEM CONTEXT

Services, Technology Management, Security...Ethics

THE INTERNET OF THINGS , mww@

AN EXPLOSION OF CONNECTED POSSIBILITY
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BILLIONS OF DEVICES

INTERNET OF THINGS IN HEALTH SHOULD BE FRAMED
WITHIN THE HEALTHCARE SYSTEM CONTEXT

Services, Technology Management, Security...Ethics

- THE INTERNET OF THINGS RILUL -

AN EXPLOSIONW OF CONNECTED POSSIBILITY ﬂ
/)
Marques et al. BMC Medical informatics and Decision Making (2017) 17:15

DOl 10.1186/512911-017-0410-z BMC Medical Infqr_matics a,nd
Decision Making
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A2 T RIINN

o

How can information systems provide e
support to nurses’ hand hygiene
performance? Using gamification and
~indoor location to improve hand hygiene
@E W awareness and reduce hospital infections

Rita Marques', Jodo Gregdrio', Fernando Pinheiro®, Pedro Pévoa™, Miguel Mira da Silva® and Luis Velez Lapdo'
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SOCIETY CHANGE

!

HEALTHCARE SERVICES DIGITAL TRANSFORMATION

Digital Technologies

Patient Management/ Health
Processes Knowledge Workforce
Strengthening

© LV Lapéao 2015



THEREFORE, PUBLIC HEALTH MUST INCREASE THEIR

SOPHISTICATION IN INFORMATION MANAGEMENT
(Baker et al. 2016)

HEALTH
PROMOTION  cupvEILLANCE

RESEARCH MONITORING

ANALYSIS

Population

Experience
Health

of Care

OUTBREAKS
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DISEASE
PREVENTION

Per Capita
Cost

Triple Aim



THERE ARE MANY PUBLIC HEALTH INFORMATION
MANAGEMENT CHALLENGES

< CO-DESIGN & ALIGNMENT with CLINICAL PROCESSES >

Big Data ??? Quality Measurement
i Data & Improvement
Analysis
=) 4
g » S ' Management
Health /" Decision making
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PUBLIC HEALTH INFORMATION MANAGEMENT
AbouZahr & Boerma 2005

Fig. 1. Data needs and sources at different levels of the
health-care system
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TO SUPPORT IT...PUBLIC HEALTH INFORMATICS
(Dixon, Kharrazi & Lehmann, 2015)
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HOW TO GET FROM HEALTH NFORMATION TO

QUALITY IMPROVEMENT? TRANSLATION!

Pathway 1

Markets

Selection

Purpose

v

Goals

v

» (Performance)

Results

Pathway 2

Change

Innovation

v

Selection &
accountability

!

Knowledge about
performance

Hierarchy

v

Consumers
Purchasers
Requlators
Patients
Contractors
Referring Clinicians

Motivation —

Source: Wachter RM: Understanding Patient Safety, 2nd Edition:
wiww.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. &ll rights reserved.
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Measurement
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The (BIG) problem

Healthcare-associated infections (HAIs)

* Infections acquired during the course of healthcare treatment

* Important cause of morbidity and mortality

@ 37.000

<

Antibiotics and antibiotic resistance

Inappropriate
prescription

Antibiotic resistant
microorganisms

Increase morbidity,

mortality, and HAIs costs

Huttner, A., Antimicrob Resist Infect Control, 2013

HAlToolLl e

7000M

World Health Organization, 2011

AMR in 2050
10 million

Tetanus

Road traffic
accidents
1.2 million

Cancer
8.2 million

700,000
(low estimate)

Cholera
100,000—
120,000

Measles
130,000

Diarrhoeal
disease Diabetes

1.5 million

1.4 million

The Review on Antimicrobial Resistance, Chaired by Jim O’Neill, December 2014

Antibiotic resistance will kill 10 million people in 2050!



...AND TACKLE A SET OF “COMPLEX” BARRIERS

Hospital organisation, management, and structure for prevention
of health-care-associated infection: a systematic review and
expert consensus. The Lancet Infectious Diseases, Nov 2014

Hospital organisation, management, and structure for
prevention of health-care-associated infection: a systematic

review and expert consensus

Walter Zingg, Alison Holmes, Markus Dettenkofer, Tim Goetting, Federica Secci, Lauren Clack, Benedetta Allegranzi, Anna-Pelagio Magiorakos,
Didier Pittet, for the systematic review and evidence-based guidance on organization of hospital infection control programmes (SIGHT) study group®

Despite control efforts, the burden of health-care-assodiated infections in Furope is high and leads to around
37000 deaths each year. We did a systematic review to identify crucial elements for the organisation of effective
infection-prevention programmes in hospitals and key components for implementation of monitoring. 92 studies
published from 1996 to 2012 were assessed and ten key components identified: organisation of infection control at the

hospital level; bed occupancy, staffing, workload, and employment of pool or agency nurses; availability of and ease of

access to materials and equipment and optimum ergonomics; appropriate use of guidelines; education and training;
auditing; surveillance and feedback; multimodal and multidisciplinary prevention programmes that include
behavioural change; engagement of champions; and positive organisational culture. These components comprise
manageable and widely applicable ways to reduce health-care-associated infections and improve patients’ safety.

Introduction

Health-care-associated infections (HAIs) affect millions of
patients worldwide every year.™ In the Buropean Union
(EU) alone, the estimated number of HAIs is 4544100
annually, leading directly to around 37000 deaths and
16 million extra days of hospital stay' Several evidence-

111 |

HAlTooll!

arrangements  to  implement infection-control pro-
grammes, including access to gualified infection-control
profeszionals and the roles of management and advisory
committees; targets and metheds of HAI surveillance,
outbreak management, and the role of feedback; methods
and effectiveness of educating and training health-care

T e

@% ®

Lancet Infect Dis 2014

Published Online

November 11, 2004

hittpeffdbe diiong10. 1006/
51473-3009(14170854-0
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Lean Tools

WHY HEALTH PROFESSIONALS “DO NOT HAVE TIME”?

Nurses and Physicians observed use of time (per activity)

Soma do tempo por actividade - Enfermeiros

Soma do tempo por actividade - Médicos

indi i 0:01:45
Procura/recebe/Presta informacdo verbalmente | 0:00:40 Faz tarefas indiferenciadas
Faz tarefas indiferenciadas | 0:01:50 Manuseamento de fluidos e secrecbes corporais 0:10:16
Contacto telefonico interno de colega/outro servico do hospital || 0:02:28
Recolha de sangue 0:14:22
Manuseamento de fluidos e secredes corporais ] 0:03:31
Procura/recebe/Presta informagdo verbalmente 0:14:24
Recolha de sangue [l 0:08:53
Procura material no carrinho/armazém  [Jij 0:09:14 Contacto directo com o doente 0:16:48
Utiliza computador para consultar informagao 0:11:15 .
g P o [l Em transito 0:17:24

Escreve apontamentos/Faz registos/consulta processos em papel [JIl 0:12:37

) ) . Supervisdo de interno/estagiario 0:25:06
Assiste a cuidados prestados por outro profissional/colega [ 0:14:43
Prepara equipamento médico [ 0:17:51 Utiliza computador para consultar informacdo 0:25:10
Reunio de passagem de tumofvisita clinica [JII 0:17:53 Avaliacio academica de interno 03152
Falar ao telemével [ o:20:11
Pausa 0:36:06
Prepara medicacéo/material de penso [ 0:22:43
emtransito [ 0:20:33 Assiste a cuidados prestados por outro profissional/colega 0:44:11
Insere registos/pedidos material ou analises no S| | NN 0:44:03 Vai sair/Saiu da unidade 0:55:08

Pausa [ 10117
Vai sair/Saiu da unidade [ ::0s:09
Contacto directo com o doente | EEEG— 2:34:50

Reunido de passagem de turno/visita clinica

Insere registos/pedidos material ou analises no SI

1:11:26

1:38:11

0:14:24  0:43:12  1:12:00 14048 2:09:36  2:38:24  3:07:12 3:36:00 0:00:00 0:14:24 0:28:48 0:43:12 0:57:36 1:12:00 1:26:24 1:40:48 1:55:12 2:09:36 2:24:00

MULTITASKING

Profissionais Frequen Valid

observados cy Percent Frequen Valid

Servgo X Valid Enfermeiro 79 59,8 Unidade onde decorreu observacao cy Percent

Médico 53 40,2 Servigo X Valid Nao 116 87,9

Total 132 100,0 Sim 16 12,1
Total 132 100,0



To solve the problem...
better information management

Surveillance system Antibiotic Stewardship Programs

Stewardship Program Leader

w
(=}
y

Infection’s Prevention

N
wv
L

g —— and Control Team

% 20 - Quality and Informatics
= Management Ji Systems
&5

°

§ 10 - \ /

g ANﬂBIOTIG STEWARDSHIP

wv
L

(=]

2011 2012 2013
Ceftriaxone (me ningitis) e Cefuroxime (oral) NUI'SES Medlcal
e C lar ithromycin e Clindamycin Doctors

e DOXYCYCline s Penicillin (meningitis)

e P enicillin (oral) Trimethoprim/Sulfame thaxazole Microbiol ogy Pharmacy |
v" Increase the amount of information v’ Decrease prevalence of antibiotic
available resistance bacteria
v Improve decision process v Contribute to optimization of antibiotic

v Improve quality of care prescription
v" Promote antibiotic adequate use

v" Reduce costs
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Methods

DESIGN SCIENCE RESEARCH METHODOLOGY
IS AN “IMPLEMENTATION” RESEARCH METHOD

Process Iteraton
Y Y : .
© 3 .g'
NENTEY o Derne Desion & ¥ | deowsrasron g EvALUATION § COMMUNICATION
. PROBLEW g | ossmcrvesos DEVELOPMENT § X0l Oereh 2
Nominal process & voTVATE ASOLUTION 3 Find sutable g j:x "M x Scholarly
sequence . £ Atiact : contert 2 IR pubieatons
Defina probiam Whet woukla - 8 5 effcent %
Show batter artiact g Useatefetts | € berate backto | B Professiong
mporance secomplsh? T | soeprtien E desgn § publications
$
Peffers et al., 2007
Epistemology:

We can intervene in the
world to improve it
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+ HOSPITAL

Lean in the Health Management: An Opportunity to Improve

Focus on the Patient, Respect for Professionals and Quality

in the Health Services

Luis Velez LAPAO

Acta Med Port 2016 Mar;29(3):xxx-¥xx - http://dx.doi.org/10.20344/amp.6615

Palavras-chave: Assisténcia Centrada no Doente; Eficiéncia Organizacional; Gestio da Qualidade Total.
Keywords: Efficiency, Organizational; Patient-Centered Care; Total Quality Management.

Os casos de Flinders Medical Center (Australia), Royal
Bolton (UK), ThedaCare e Virginia Mason (USA) séo exem-
plos de hospitais que conseguiram melhorar o seu desem-
penho atravées da utilizacido de metodologias Lean. Toda-
via, nem sempre o processo é tao facil como aparenta. Nao

A omnim o anlicacfBa Aa |l can cnin Aificil mrae Avias candicfae

procurar aprender com o que se faz e actuar para a sua
melhoria continua 7 Isto diz respeito aos gestores, mas tam-
bém aos profissionais de salde e aos doentes.

Ha um aspecto central na teoria da gestéo que é 0 aces-
so a informacéo, sem a qual ndo é possivel compreender

e A mrmsrlTaeAs sacts A flmsiamar A cerri s s me e e

PERSPECTIVA



A UNIVERSAL TRUTH:

NO HEALTH WITHOUT
A WORKFORCE

—
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ENGAGING THE PROFESSIONALS
Participative Design Theory (Sjoberg & Timpka, JAMA 1998)

e wem -y
!

N A 1
"\ e ' & -" o
"z i\% i
e AT
b

APPR O
ONALs

ESI SNU; BANISM
INT ERSECTION |O UR H
T\C\PAT EARC!
g ion cmpAsf!“ N EVELOPRESEA Y
DISTRIBUTEDNUVEE

ART\C\PAT

\
DMONORGANIZATIONA
DEMOCRATlZA“‘ﬁON " 1Y %
KNOWLEDGEYT i <’ 2
o) TIVEWASNERS CTORIES
. -/ 4To TRAJE ES
h, 77VE BROGAT‘NG suc,cr.sstLOM m

e
cC1S
‘% (0 NvmoNM RCHITEC
"@»97 (DEESEA e S’Os“i’ﬁED DED,\sic
; L aYNTE USER™

GH . ITHMT 0,9‘
St \ Instituto de Higiene ¢ Medicina Tropical
- " UNIVERSIDADENOVA DE LISBOA




Considering a Co-Design Approach...

Antibiotic Stewardship is a Team Building Endeavour...

Antibiotic Stewardship Program
Oy

Nurses

5

Medical Doctors

@ @ * Pathogen identification
g ﬁ + Determination of antimicrobial
@ @ I susceptibility patterns
* Surveillance and outbreak detection

Infection C tr01 Team Mlcroblology Laboratory * Education
Pharmacy * Report of the results

Qrmatlon systeD

&

Quality and
Management

¢
5o
&
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Objectives

To co-design and implement an information system, that
impacts on antimicrobial resistance and antibiotic use
(while supporting an Antibiotic Stewardship program).

The health information system should be able to:

v Monitor antibiotic consumption
v" Monitor antibiotic resistant bacteria
v" Promote antibiotic prescription based on guidelines

v Improve physicians’ prescription behavior

HAlTooll!



Designh & Development

5
= = W Staging Area | )

HAITool Data Warehouse

S . Load (SQL Server)
Source information (Java Pen;:dlc Routines (Java Periodic
systems: using Web Services) Routines)
*Microbiology data .
-Pharmacy data Transformation
*Patient data (Java Periodic Routines)

Back Room (Windows Server)

(Qlik Sense Periodic Load Routine)

Patient Timeline & Antimicrobial Resistance Antibiotic Consumption
Compliance Alerts Monitoring Monitoring

Front Room (Web-based Qlik Sense Application)

HAilooL N




HAIlTool:

A surveillance and decision-support system to help clinicians and
infection control team dealing with HAIs and antibiotic use

Surveillance & Antibiotic Prescription - timeline

HAITool includes integrated views of patient, microbiology and pharmacy data, displayed in an
innovative graphics presentation that enables the visualization of:

Patient clinical evolution — Patient Timeline
Antibiotic consumption trends

Antibiotic resistant infections distribution
Local antimicrobial susceptibility patterns

uuuuuuuuu

W Microbiciogy

I Antibiotic

=
EI |

Patient Timeline visualization

HAlTooLl

Antimicrobial susceptibility patterns visualization




HAITool: Local antimicrobial susceptibility patterns

* Visualization of antibiotic resistance patterns
through simple and clear graphs

* Information can be filtered by microorganism,
ward and patient

* A color code was used:
* green color for antibiotics for which no
resistance were found — these antibiotics
are more likely to treat the patient

* red color for antibiotics for which resistance
were found — these antibiotics will not treat
the patient

* orange color for intermediate resistance
cases

HAlTooLl

Antimicrobial susceptibility patterns visualization




HAIlTool

Tableau d’ Board - Decision support tool for antimicrobial prescription
* Alerts for antimicrobial therapy duration (an algorithm matches antimicrobial
prescriptions and CDC rules/guidelines)

e Alerts for antimicrobial therapy not in accordance with microbiology lab results

* Antimicrobial therapy without previous microbiological culture

Alerts for ESKAPE+C and multi-drug resistant microorganisms
(when these microorganisms are isolated in the lab)

GOLPPCIRA Restance Sate Iaiates Antbiatic Corzumaia Reslztznce Ptz Faskint Dashbosrd

®There are ©There are no cases

ESKAPE+C bacterla of antlblotherapy without previous sampling cases

©There are no cases

of antimicrobial therapy excess duration

Alerts on Infection Control Team Homepage

HAiTooLPF U N



Demonstration

HAITool’s demonstration took place in an Intensive Care Unit (8 beds), in a general and
tertiary Portuguese hospital.




Evaluation

Principles of Osterle

Structured interviews |
(Osterle et al., 2011)

* Supported by a pre-elaborated survey

* To physicians and infection control team i
Abstraction

* To evaluate the first cycle of design and
implementation of HAITool

o . Originality
* Answers indicated that HAITool is very useful on :

v preventing and control antibiotic resistance

v’ providing antibiotic resistant patterns Justification

v providing antibiotic consumption rates

v" enhance the communication between Benefit
healthcare workers

v’ alerts on antibiotic prescriptions

compliance with norms

HAlTooLP



Conclusion

HAITool

v Based on Antibiotic Stewardship Programs framework
v Enables monitoring of antibiotic resistance, antibiotic use and helps antibiotic prescription

v Achieved the research objectives, according to the feedback from healthcare professionals

Limitations

» We are still studying (showing the evidence) to confirm that HAITool reduces antibiotic misuse and

antimicrobial resistance levels

Future work

» Measuring the impact of antibiotic consumption and prescription compliance with the norms, alerts
effectiveness, bacteria resistances and costs

» Studying the adherence of physicians and infection control practitioners to HAlTool

HAIlTool is an important step forward to reduce antibiotic misuse and
to control and prevent antibiotic-resistant HAIls

HAiTooLPF U N
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