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Multi-Agent Based Modelling and Simulation for Understanding Tempo-Spatial
Patterns of Surgery Wait Times

Abstract

Abstract: In order to characterize the self-organized tempo-spatial patterns of wait times in a healthcare
service system, a multi-agent cardiac surgery service model (MA-CSS model) was proposed based on the
multi-agent modeling within the context of cardiac surgery services. This model pays a special attention
to how patients' and hospitals' behaviors and interactions affect the dynamics and relevant patterns of
wait times with respect to some key factors, such as geographic accessibility to services, hospital
resourcefulness, and wait times. By experimenting with the MA-CSS model, it was observed that certain
regularities in wait times emerged from the simulation, which were similar to those discovered from the
real world. It reveals the patients' hospital-selection behaviors, hospitals' service-adjustment behaviors,
and their interactions via wait times may account for the self-organized tempo-spatial patterns of wait
times in cardiac surgery services.
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Abstract: In order to characterize the self-organized tempo-spatial patterns of wait times in a healthcare
service system, a multi-agent cardiac surgery service model (MA-CSS model) was proposed based on the
multi-agent modeling within the context of cardiac surgery services. This model pays a special attention
to how patients’ and hospitals’ behaviors and interactions affect the dynamics and relevant patterns of
wait times with respect to some key factors, such as geographic accessibility to services, hospital
resourcefulness, and wait times. By experimenting with the MA-CSS model, it was observed that certain
regularities in wait times emerged from the simulation, which were similar to those discovered from the
real world. It reveals the patients’ hospital-selection behaviors, hospitals’ service-adjustment behaviors,
and their interactions via wait times may account for the self-organized tempo-spatial patterns of wait
times in cardiac surgery services.
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Fig. 3 Statistical regularities of wait times in simulations
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Fig. 4 The observed and simulated temporal patterns in wait times in exemplified hospitals

http: // www.china-simulation.com

* 985 .

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 5, Art. 7

%529 4 5 ) E R Vol. 29 No. 5
2017 45 J Journal of System Simulation May, 2017
3.3 itig BT, Rifn, il s MR 1R, 24 Pk

HT T el N R FE 3 D R SR I 2 18 A5 AR I ) £
BNELLE B P (224, AT RESZM 25 = Bedi A\
MIBhZARAL, X B e S5 A5 I TR (K A2 A0 7 A 5%
mi, B, AR MA-CSS BIAVX—F 224
P HATRUEE 23T o

5 SR ANF P, RN B e S A I TR) A2 4L
IR o 42 1 25 HEEXIANR 1) P HUE, SR Clauset
D7 P BT R ARG 2 R AR 5 R
Ry AT NACFE LR PRSI 25 18 S A I ] (1 I
0, 25 AR I T PR 200 0% 22 AR AN 71 i Ao A 2 A
(p=0.13)o DRDULIS, 28 fea BA A
AR PR, o9 N AT Dy AT I 8] 22 T 1 S 45
IREALEAE . TG, 0 N ABOR AN B 12 e 25 4o
IS 18] AR AR A T 3 SV PR 3R 1Y

o Pr=1
I o Pr=0.75
o Pr=0.5
& 7 v Pr=0.25
- & * Pr=0
= 0.1 N 5 %
gy - " xR
> @ o
® A Woog
001} S
:\p( H v O
VA R0
1E-3 . .
0.01 0.1 1

A T O 40 AR P )
s B P, A S R S A ARG T A

Fig. 5 Distributions of absolute wait time variations in
cardiac surgery services with respect to different P,.

® 1 AIE P AR RHNASE R
Tab. 1 The p-values of power-law tests for distributions of
absolute wait time variations with respect to different P,

P, 1 0.75 0.5 0.25 0
p A 0.16 30 0.16 0.10 0.13

Ve W p<0.1, FWIMRRHCH M AR A2, HR A K
5 M 1, A N TR B I 2% 18 45
IS R, Hedn P=0.25, Hhos 4% I i) () 4 % A
TR T A (p=0.10)X £ W, T fE S £5 i
V) PR3 N 2 B A 45 1 Bt S5 Ao I [ ) 80 2 7 A T e

RMAOR, tetn, MEUEN 0.5, 0.75, 1B, SEfRERT
NP A & i NN 3 N 3 o TIPS 5
Clauset R FTH p>0.1. XK IR RS &
G A7 AE KR O SRR I TR U RN, ARS8
PRSI B BT, PR IX 05 N 25 3 1% Be Bt
A e N 0 e B AR A o

4 g

ARIHT 2 Agent AR, #d 7HT-Z%m
HALRE IS T IS5 R MA-CSS B, flj 5
S, AR BENS BT 1) L BN T RS
IS 18] AR AR AT I 22 P o AR, 93
PEBEAT A« BEBE e 55 fie 0 R AT 0 FHgh 5 254 I )
PN P A AW I SRR NS &
ARSI 18] B B I T e I

S5 3R

[1] Amado J, Bento D, Silva D, et al. Changes in referral
protocols for cardiac surgery: Do financial considerations
come at a cost? [J]. Revista Portuguesa de Cardiologia
(S0870-2551), 2015, 34(10): 575-581.

2] JARAEERAETIIPL. 2010) 4 = 2% HF & B AR
SWiEEMAMRSY [EB/OL]. (2011-07-28)
[2017-04-25]. http://www.gdsqfb.org.cn/text/946.html.
(Guangdong Provincial Research Center. Investigation
report on service satisfaction of Grade III-A hospitals in
Guangdong province, 2010. [EB/OL]. (2011-07-28)
[2017-04-25]. http://www.gdsqfb.org.cn/text/946.html.)

[3] Lipsitz L A. Understanding health care as a complex
system: The foundation for unintended consequences [J].
JAMA: the journal of the American Medical Association
(S1538-3598), 2012, 308(3): 243-244.

[4] Wijeysundera H, Stukel T, Chong A, et al. Impact of
clinical wurgency, physician supply and procedural
capacity on regional variations in wait times for coronary
angiography [J]. BMC Health Services Research
(S1472-6963), 2010, 10(5): 1-9.

[S] Plsek P, Greenhalgh T. The challenge of complexity in
health care [J]. BMJ (S1470-2738), 2001, 323(7313):
625-628.

[6] Smethurst D P, Williams H C. Are hospital waiting lists

FEARIIIBEBE, TG ANy e ds RS B

self-regulating? [J]. Nature (S0028-0836), 2001,

http: // www.china-simulation.com
+ 986«

https://dc-china-simulation.researchcommons.org/journal/vol29/iss5/7
DOI: 10.16182/j.issn1004731x.joss.201705007



Li et al.: Multi-Agent Based Modelling and Simulation for Understanding Temp

5529 B 5 M
201745 H

PN, 5% JET Multi-Agent [T ARSI o) i 20 4 A 5 47

Vol. 29 No. 5
May, 2017

410(6829): 652-653.

[71 O Gallay. Agent-based routing in queueing systems-
self-organization in production and service networks:
From stylized models to applications [M]. Germany:
Lambert Academic Publishing, 2010.

[8] Priesmeyer H R, Sharp L F. Phase plane analysis:
Applying chaos theory in health care [J]. Quality
Management in Health Care (S1063-8628), 1995, 4(1):
62-70.

[9] Amdt M, Bigelow B. Commentary: The potential of
chaos theory and complexity theory for health services
management [J]. Health Care Management Review
(S0361-6274), 2000, 25(1): 35-38.

[10] Lakshmi C, Sivakumar A 1. Application of queueing
theory in health care: A literature review [J]. Operations
Research for Health Care (S2211-6923), 2013, 2(1):
25-39.

[11] Schoenmeyr T, Dunn P, Gamamik D, et al. A model for
understanding the impacts of demand and capacity on
waiting time to enter a congested recovery room [J].
Anesthesiology (S1365-2044), 2009, 110(6): 1293-1304.

[12] JASCIE. HEBRRERAE DT AR Ss R e b N IWFST (D).
BB R R K2, 2011, (Zhou W. Application
research of queuing theory model in medical service
system [D]. Wuhan, China: Huazhong University of
Science and Technology, 2011.)

[13] Jacobson S, Hall S, Swisher J. Application of discrete-
event simulation in health care clinics: A survey [C]//
Hall R W, eds., Patient flow: reducing delay in healthcare
delivery. New York, USA: Springer, 2006.

[14] Cardoen B, Demeulemeester E, Belien J. Operating room
planning and scheduling: A literature review [J].
European Journal of Operational Research (S0377-2217),
2010, 201(3): 921-932.

[15] Cardiac Care Network of Ontario. Cardiac surgery in
Ontario: Ensuring continued excellence and leadership in
patient care [EB/OL]. (2006-10-31) [2016-04-25].
http://www.ccn.on.ca/ccn_public/uploadfiles/files/Surgic
al Report October31 2006 BOARD.pdf.

[16] Homer J, Hirsch G. System dynamics modeling for
public health: Background and opportunities [J].
American Journal of Public Health (S1541-0048), 2006,
96(3): 452-458.

[17] By X, Wiy, RGN RGN AT Agent ) 215 5
DXL 7 [J]. RV, 2004, 16(1): 113-117.
(Liao S, Dai J. Study on complex adaptive system and
agent-based modeling & simulation [J]. Journal of
System Simulation, 2004, 16(1): 113-117.)

[18] Leykum L, Kumar P, Parchman M, et al. Use of an
agent-based model to understand clinical systems [J].
Journal of Artificial Societies and Social Simulation
(S1460-7425), 2012, 15(3): 2.

[19] TRJEME. KT ACRE T B 7 2 G B I DU A T & i
5% [D]. dbat: FEHE K%, 2009.(Xu X. Agent-based
urban health care resource allocation research [D].
Beijing, China: Tsinghua University, 2009.)

[20] Liu J, Jin X, Tsui K. Autonomy oriented computing:
from problem solving to complex systems modeling [M].
New York, USA: Kluwer Academic Publishers, 2004.

[21] Cardiac Care Network of Ontario. Advanced adult
cardiac care patient access management process: Better
access to quality cardiac care [EB/OL]. (2006-10-31)
[2016-04-25]. http://www.ccn.on.ca/cen_public/uploadfiles/
files/Patient%20Access%20Mgmnt%20diagram.pdf.

[22] Seidel J E, Beck C A, Pocobelli G, et al. Location of
residence associated with the likelihood of patient visit to
the preoperative assessment clinic [J]. BMC Health
Services Research (S1472-6963), 2006, 6(1): No.13.

[23] Kinchen K S, Cooper L A, Levine D, et al. Referral of
patients to specialists: Factors affecting choice of
specialist by primary care physicians [J]. Annals of
Family Medicine (S1544-1717), 2004, 2(3): 245-252.

[24] Cardiac Care Network of Ontario. Patient, Physician and

Household  Survey  Reports:
[EB/OL]. (2005-08-15) [2016-04-25].
http://www.ccn.on.ca/cen_public/UploadFiles/files/CCN_
Survey Exec Sum_200508.pdf.

[25] Lakha S F, Yegneswaran B, Furlan J C, et al. Referring
patients with chronic noncancer pain to pain clinics [J].
Canadian Family Physician (S1715-5258), 2011, 57(3):
el06.

[26] Office of the Auditor General of Ontario. 2009 annual
report: 4.09 hospitals—-management and use of surgical

[EB/OL].  (2009-12-07)  [2016-04-25].
http://www.auditor.on.ca/en/content/annualreports/arrepo
rts/en09/409en09.pdf.

[27] Alter D A, Cohen E A, Wang X, et al. Cardiac
procedures [C]/ Tu J V, Pinfold S P, Mccolgan P,
Laupacis A, eds., Access to health services in Ontario. ond
ed. Toronto, Canada: ICES, 2006.

[28] Statistics Canada. 2006 Census Database [EB/OL].
(2006-05-16) [2013-01-21]. http:/www]12.statcan.ca/ census-
recensement/2006/index-eng.cfm.

[29] Clauset A, Shalizi C R, Newman M E J. Power-law
distributions in empirical data [J]. SIAM Review
(S1095-7200), 2009, 51(4): 661-703.

Ontario Executive

Summaries

facilities

http: // www.china-simulation.com

* 987 »

Published by Journal of System Simulation, 2017



	Multi-Agent Based Modelling and Simulation for Understanding Tempo-Spatial Patterns of Surgery Wait Times
	Multi-Agent Based Modelling and Simulation for Understanding Tempo-Spatial Patterns of Surgery Wait Times
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/i2X5_vupI0/tmp.1688108042.pdf.d9vAe

