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MOTIVATION

Prediction, explanation & optimization are challenging for a complex

system like Integrated Care system.

!
I

I

!
'For example, healthcare operations management, for which we want to: I
Predlct system performance for a specific configuration, cost and benefit for a proposed change. :
|Expla1n factors influencing performance, how the prediction is made and why it performs like this.
!
!

:Optimize changes to the system with constrain like budget.

R e

:1. A platform to study healthcare system related problems, like bacteria propagation. (e.g., MRSA:

) infection). r
:2. To study disordered system behavior based on integration of first-principles model and data-!
i driven model (real operation data). Every decision we make is based on information, stop guess. :

The way to achieve to goal:
First-principles modeling to capture details of system behavior from the interaction of
system components.
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:1. A platform to study healthcare system related problems, like bacteria propagation. (e.g., MRSA:

) infection). r
:2. To study disordered system behavior based on integration of first-principles model and data-!
i driven model (real operation data). Every decision we make is based on information, stop guess. :

The way to achieve to goal:
First-principles modeling to capture details of system behavior from the interaction of

system components. Gtart with simulating the emergency departments.
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HOW IT WORKS (RULES + STATE VARIABLES => STATE)
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HOW IT WORKS (RULES + STATE VARIABLES => STATE)
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HOW IT WORKS? = SIMULATION INPUT ORGANIZATION
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Version 2.0

CTAS: 1 . 5

scenario

Scenario = ED-Model-Configuration + Input (Patient) CTAS: Canadian Triage and Acuity Scale



HOW IT WORKS? = SIMULATION INPUT ORGANIZATION

T T T T Resource Capacity (#) Avg. Attention Time (AT, minutes) 1 AT Distributic:
i ‘/ adm]SS]On Staff I day night first interaction follow-up I :
. : junior admission staff 3 2 5 ' Gamma 1
] ‘/tr]age nurse I senior admission staff 2 0 3 : Gamma |
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HOW IT WORKS? = SIMULATION OUTPUT CONFIGURATION

Emergency Department Singllator: 56080l ConlgUEat Oy e — o— — — s—

Selected Sensors and

| Availabe Sensors Process Methods Data Process Methads |
Admission Staff Qccupancy Full Recora AreaB Waiting Queue Length;Full:Max:Ave;SD:AIr,15.0

| Triage Nurse Qccupancy Maximum Triage Waiting Queue Length:Full:Max:Ave:SD:AIR1S.0 |
DoctorA QOccupancy o Length of Stay 3:Full:Min:Max:Ave:Med:SD:Alr65.0
NurseB Occupancy it Length of Stay 2:Full:Min:Max:Ave:Med:SD:Alr65.0
Auxiliary Staff Occupancy Average DoctorB Occupancy:Full:Min:Max:Med:Alr,65.0 |
Laboratory Occupancy Median NurseA Occupancy:Full:Min:Max:Med:Alr,65.0

| Image Room Occupancy |
Admission Waiting Queue Length Standard Deviation
Carebox Waiting Queue Length Alarm 15)
Length of Stay 1 |
Length of Stay 4 ) . ) ; ; .

| Lenath of Stay 5 State information monitoring configuration |

L Add > J

Hint: Add successfully! Hemove << {— Interaction Sensors” - - I

Interaction information | 2 P <-> Admission P <-> Triage @ P <-> DoctorA

monitoring configuration et B P <> NurseA P <-> NurseB
P <...> Laboratory P <=> ImageTest P <-> Auxiliary |

It is like: we could put a device (sensor) on each of the individuals to
monitor their detailed activities. sensors are customizable and have process capability.



HOW IT WORKS? - DIRECT SIMULATION DATA

1 who  what when (minute) where why " how long(second) |
86179 | (doctorb 76) and (patient 16279) first-visit 70446 doctorB s room default 1200
86180 | (doctorb 74) and (patient 16283) first-visit 70447 doctorB’ s room default 900
86181 | (nursea 80) and (patient 16158) go—home 70447.5 carebox default 150
86182 | (doctorb 75) and (patient 16277) first—-visit 70448 doctorB’ s room default 210
86183 | (doctorb 78) and (patient 16222) treatment—finished 70449 doctorB’ s room default 1320
86184 (doctora 69) and (patient 16211) test-result-review 70449. 5 carebox default 330
86185 | (doctorb 73) and (patient 16281) first—-visit 70449. 5 doctorB’ s room default 1290
86186 | (admission 1) and (patient 16285) admission 70451.5 admission desk default 300
86187 | (doctora 67) and (patient 16199) test—-result-review 70451. 5 carebox default 120
86188 | (nursea 80) and (patient 16199) laboratory test 70453. 5 carebox default 1080
86189 | (nursea 84) and (patient 16211) go—hospital 70455 carebox default 1290
86190 | (doctora 69) and (patient 16262) test-result-review 70455. 5 carebox default 450
86191 (doctorb 77) and (patient 16154) treatment—finished 70455. 5 doctorB’ s room default 510
86192 (doctora 66) and (patient 16033) test-result-review 70456. 5 carebox default 300
86193 | (doctorb 72) and (patient 16247) test-result-review 70457 doctorB s room default 360
86194 | (admission 2) and (patient 16288) admission 70460 admission desk default 240
86195 | (doctora 71) and (patient 16236) treatment—finished 70462 carebox default 390
86196 | (doctorb 74) and (patient 16180) test-result-review 70462. 5 doctorB’ s room default 360
86197 | (doctora 70)maid (patient 16284) first-visit 70464. 5 carebox default 480
86198 | (doctorb 72) | (patient 16285) first-visit 70465. 5 doctorB’ s room default 300
86199 70465. 5 room

F o Bl W W N

(doctorb 77)

o\

A

| (patient 16228)

e s\

Extract

treatment—finished

Length of Stay, Occupancy, Length of Waiting, Efficiency, ...

L B T B W —

doctorB’ s

default

180



CALIBRATION = auTomaric TooL

Purpose: Setting up a general model for the target system simulation; I.E., a general
computational model TO specific ED simulator.

Motivation: Enable the simulation users, e.g., ED manager, to calibrate parameters for their
own ED system without the involvement of model developers. => promoting the application
of simulation in ED studies.

Challenge: Data Scarcity, Out the scope of Information System;

Solution: Formed as an optimization problem;

Process: selection of inputs, specifying the objective function, searching, and evaluating the

calibration results



CALIBRATION = SET UP YOUR OWN SIMULATOR (WHAT INFO. YOU NEED TO PROVIDE)

from your information system from your experience

Table 1: The parameters to be calibrated for the general agent-based model of emergency departments, in order to imitate the emergency department

of Hospital of Sabadell . Note: LB and UB denotes Lower and Upper Boundary respectively, TV represents the Typical Value; all the units of time

=
1
1
1
1
1
1
1
1
i are in minutes. The Identity column corresponds to the circled numbers in Figure 1 denote the type of service.
| ) ) °
. [Patient: arrival hour, day, acuity
- Identity Notation Description LB UB TV
I [ [ ([ ]
: levell dlSChar g € tlme (date_tlme) 1 T:jfvlfcfr the parameter for registration service-time distribution model. 2 15 5
1
: 3) L the parameter for triage service-time distribution model. 5 20 10
1
- b4 . < 3 Byt SO the average duration of service of nurses in area A. 8 30 16
' |System  configuration: #doctor,
l E 5 4 [leciort: the average duration of service of doctors in area A. 8 30 18
1
| #nurse, #labs (machine), #medical ! | | |
i 5 Ik the average duration of service of nurses in area B. S 20 12
.
: lmage T (all ab Ollt resource YOU. 6 Tf:rcvfloc’; 2 the average duration of service of doctors in area B. ) 20 15
1
E h aVe) 7 T;Zfljézg the average duration for taking medical imaging. 20 40 25
: 8 Té‘e‘]r’vice the average duration for taking laboratory test sample. 10 30 15
: +
1

= )

Our tool and general model
S5 =

value of parameters to set up your simulator (for your system)



Example of uses, No. 1

The emergency department system is overcrowding,
WHAIT-IF
we add 20 careboxes to the system?

Every decision we make is based on information, stop guess.



The influence of additional carebox on patients” behavior (Area A).

\
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Example of uses, No. 2

How can emergency departments respond to population aging: a
simulation study.

1. Predict the effects of population aging on emergency department.
2. Make longterm plans and quantify their costs and benefits with the ED simulator. (explain)

3. Optimize changes to the ED system with constrain.



Information retrieved from real data (2014)

1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S0 =R DG
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o: standard deviation o standard deviation o
S =R.04.. ... b -
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(- 20 i ' R T o] o Il
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1) 5911 =
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< I 4=
5 n=4961 > o
) S =
% =9007 1=5196 g
GC) 10 — o=1029 n=>828
% 68 n=6259
0=498 o0=425 0=433
n=5367 n=6449 177582
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N A Y ) W N 9 e AT A Y F O & 9 X O X O X O A% O N 9
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Knowledge from actual data analysis: Elder patients need more care service and stay longer in ED.



Patients” age distribution prediction model

Nip(ear) = Pgp - Nreg - Pryge - Dage (1)
Regarding that
Nage
e @
N ref ° D:zfge

Replace Py, in Equation 1 with Equation 2, we get:

age Dzlecér Arage ear
NEél])(year) = Drif NE&I]) 'Piate (3)
age
Notations Description
NS The number of patients due to age interval in 2014 (5 years in this study).
Nier The total number of people 1in the catchment area of the hospaital.
AaD The distribution of various age groups in the target catchment area in year (population pyramid).
- The probability of a person (due to age) who will go to ED.
s The ratio of population in year to the reference year (2014).

Model assumption: The probability of a person who will go to ED at least once per year depends on lots of factors, here we

assume that the probability is depends on age and do not change over different year. That is to say, a fix probability will be used
throughout the future to predict the number of patient attend to ED and, the age distribution of the patients.

% Got from the Instituto Nacional de Estadistica (INE) http:/ /www.ine.es/



http://www.ine.es/

Patients” age distribution prediction in the future

10

As input
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sl 201t = 207 v~ 200 v 2023 e 2026+ 2029] .\ in the future
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Knowledge from prediction: there will be more elder patients and less young patients attend ED
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Make plans in advance.

Population
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Patient arrival System configuration
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Propose longterm plans and quantify their cost @

and benefit with the ED simulator.
Analysis tool

System Performance
(QoS)
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Conclusions & Future Work

Conclusions:
(1) A General Agent-Based Model for EDs (Spanish type);

(2) Designed and Implemented an auto-calibration tool;

(3) with this tool, we can have: Every decision we make is based on information, stop guess.

In summary, start from simulating the emergency departments, our efforts proved the
feasibility and ideality of using agent-based model & simulation techniques to study
healthcare system.

Future Work:

(1) Population aging; How can emergency departments respond to population aging: a
simulation study.

(2) A step towards building a full model of integrated care system.



Thank you for Your Attention!




Quantitatively Predict Integrated Care

Universitat Autonoma
System Performance

de Barcelona

)iEET A f A Bottom-up Simulation Method to U " B

Presented by: Zhengchun Liu (Izhengchun@caos.uab.es or http:/ / zliu.info )

At: 16th International Conference on Integrated Care, Barcelona

High Performance Computing for Efficient Applications and Simulation Research Group (HPC4EAS)
Computer Architecture & Operating Systems Department

Universitat Autonoma de Barcelona

Parc Tauli Sabadell

Hospital Universitari

Universitat A utonoma
de Barcelona



mailto:lzhengchun@caos.uab.es
http://zliu.info

