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INTRODUCTION OBJECTIVE METHOD
S D >

* Healthcare systems are complex adaptive systems To synthesise how systems-level modelling is applied to evaluate and | * Systematic searches were conducted in Web of
consisting of interacting agents that act autonomously, support implementation of complex health technologies within Science, Embase, MEDLINE (Ovid), and
respond to their environment, and influence one anotherin | healthcare delivery systems. CINAHL (EBSCO) covering 2000-2025.
dynamic, often unpredictable ways." « We define complex health technologies as interventions that may | * The search strategy combined terms for:

* Implementing complex health technologies requires be complex in their design or in their implementation, requiring simulation and modelling methods + health
systemic changes in care delivery, coordination, and adaption of existing processes for effective use (e.g., cell and gene technologies and interventions + healthcare
infrastructure. therapies, Al-assisted diagnostics, or digital health systems) context.

 Traditional HTA approaches often assume linear, isolated * This review aims to: » Searches retrieved 5,542 records after
effects and fail to capture feedback, resource constraints,  Classify model types and application contexts duplicates were removed.
and emergent system behaviour.** * Assess complexity using the SIMULATE framework (System, * Screening and selection follow PRISMA

* Systems-level modelling (e.g., discrete event simulation, Interaction, Multilevel, Understanding, Loops, Time, principles using ASReview for semi-automated
system dynamics, agents-based modelling) can represent Emergence).® title/abstract screening.®
these interactions, asses operational feasibility, and e Examine model limitations and whether models informed real- « Screening is ongoing: 30 studies currently
support more realistic implementation planning. world decisions or remained conceptual. included for full text.

PRELIMINARY RESULTS

30 empirical studies included to date, screening ongoing.
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Fig 1. Relationship between model type, context level, and technology domain (n=30) Fig 2. Level of application per model type

Included studies

Reynolds et al. (2022) - Dispensing robots
Abou-Hamad & Arisha (2013) - General
Abou-Hamad & Arisha (2017) - General
Aeenparast et al. (2013) - General
Ajdari et al. (2018) — General
Abbas et al. (2023) - Smart Insufflation Technique

e Caglayan et al. (2022) - mAb Infusion Therapy
, Supply Chain & Immunisation Operations . Chalk et al. (2019) - Bladder Cancer Pathway
HOSpItal i eoo @ m General /Unspecified 9. Gorelova et al. (2024) — Remote Monitoring System
10. Bhosekar et al. (2021) - Automated Guided Vehicles
11. Abir et al. (2024) — Hospital Evacuation Planning
12. Aboueljinane et al. (2014) — EMS System
13. Huguet et al. (2022) - Tele Consultations
14.Becker et al. (2019) - Tele ICU
@ @@ 15. Blake et al. (2023) - Cold Stored Platelets

16. Aboueljinane & Frichi (2022) - EMS System

17.Aboueljinane et al. (2022) - EMS System
18. Asgary et al. (2021) — Mass Vaccination Site
19. Bozzani et al. (2021) - General
20.Lamet al. (2021) - CAR T-Cell Therapy
21.Tully et al. (2019) - CAR T-Cell Therapy

. _ 22.vande Ven et al. (2022) - Whole Genome Sequencing
National @@ @ @ @ 23. Erasto et al. (2025) - Blood Drone Delivery
24. Brailsford & Da Silva (2015) — Dentistry 0 - :
25. Fanta & Pretorius (2023) — Digital Health System DES Hybrid SD ABM Other
26.Wang et al. (2023) - CAR T-Cell Therapy Model Type
27.Tseng et al. (2024) - CAR T-Cell Therapy
28. Badré et al. (2020) - Patient Assignment System L

Application level

MultiSiteNetwork - @ @ @ 29. Miller et al. (2022) — Robotic Rehabilitation Conceptual/prototype (hypothetical data)
30. Wang et al. (2019) — CAR T-Cell Therapy Real-world data, no decision support

Decision support (pre-implementation)
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Institutionalised/iterative use
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Hybrid models: Mixed-Integer Nonlinear
DES/ABM (18, 22); SD/ABM (27); DES/Mixed Programming (29), Stochastic
Integer Linear Programming (23); \_ Multiscale Model (30) )

DES/Simulation Optimisation (16, 17); Fuzzy
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Table 1. Overview of main simulation approaches applied in healthcare. Adapted from sources*7-° and included studies.

Discrete Event DES analyses individual-level processes and Captures heterogeneity and time-varying attributes; good Data- and time-intensive; programming and @ Bhosekar et al. (2021) developed a DES + optimisation framework to redesign a
Simulation queues; resource use; discrete event for for operational and queueing problems, flexible and calibration can be heavy. hospital’s automated material-handling system, improving the efficiency of surgical
(DES) optimisation, prediction, and comparison. updatable. case delivery using automated guided vehicles.
Agent Based ABM focuses on agents with local rules; Captures relationship networks; fits public health and Data-hungry; long build and calibration time; Fanta & Pretorius (2023) built an SD model to examine sociotechnical feedback
Model (ABM) interactions, learning, and emergent behaviours in infrastructure planning; handles deterministic and coding burden. loops in digital-health implementation, linking technology acceptance, information
adaptive systems. stochastic processes; tests behavioural responses. quality and user satisfaction in Ethiopian hospitals.
System SD analyses system-level stocks, flows, delays, Reveals feedbacks and emergent behaviour; suited for Limited individual-level detail; validation often @ Wang et al. (2023) applied ABM within a simulation of CAR T-cell therapy logistics to
Dynamics (SD) and feedback; simulates behaviour over time nonlinear, complex systems; has been used to test and qualitative if data is weak. represent interacting hospitals, manufacturing sites, and couriers.
(qualitative or quantitative). compare policy and management interventions.
Hybrid Model Hybrid models combine methods when one is Leverages complementary strengths; improves realism Higher model complexity; extra effort to link @Van de Ven et al. (2022) combined DES and ABM to support nationwide
insufficient; integrates levels and subsystems for and validity; allows best-fit method per subsystem; methods; harder verification and validation implementation of whole genome sequencing for lung-cancer care.
complex decisions. supports learning and decision-making. across modules.
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