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Abstract	

Saudi	 Arabia's	 healthcare	 system	 is	 undergoing	 transformative	 changes	 guided	 by	 Vision	 2030,	 with	
healthcare	clusters	emerging	as	a	cornerstone	of	this	evolution.	This	comprehensive	review	examines	how	
technological	 integration	 and	 interdisciplinary	 collaboration	 among	 biomedical	 engineering,	 pharmacy	
assistance,	and	medical	records	management	contribute	to	advancing	these	healthcare	clusters.	Through	
systematic	analysis	of	recent	 literature,	 this	paper	 identifies	the	distinct	yet	complementary	roles	these	
three	 disciplines	 play	 in	 cluster	 development	 and	 operational	 efficiency.	 The	 review	 highlights	 how	
biomedical	engineering	provides	essential	technological	infrastructure	through	equipment	management,	
innovation,	 and	 systems	 integration;	 pharmacy	 assistance	 enhances	 medication	 management,	 patient	
safety,	and	resource	optimization;	and	medical	records	specialists	facilitate	data-driven	decision-making	
through	 information	 governance	 and	 interoperability.	 The	 Saudi	 healthcare	 context	 presents	 unique	
opportunities	 and	 challenges,	 including	 digital	 transformation	 initiatives,	 regulatory	 frameworks,	 and	
cultural	considerations	that	shape	interdisciplinary	collaboration.	The	paper	synthesizes	evidence-based	
approaches	 to	 enhancing	 cross-disciplinary	 integration,	 including	 technological	 platforms,	 workforce	
development	 strategies,	 and	 governance	 frameworks	 that	 align	 with	 Vision	 2030	 objectives.	 Several	
implementation	 models	 demonstrating	 successful	 integration	 of	 these	 disciplines	 within	 healthcare	
clusters	are	discussed,	identifying	critical	success	factors	and	potential	pitfalls.	The	review	concludes	with	
practical	recommendations	for	policymakers,	healthcare	administrators,	and	practitioners	to	optimize	the	
contributions	of	these	disciplines	in	advancing	healthcare	clusters,	ultimately	supporting	the	achievement	
of	Saudi	Arabia's	healthcare	transformation	goals.	
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1. Introduction	

Saudi	Arabia's	healthcare	system	is	experiencing	unprecedented	transformation,	driven	by	the	ambitious	
national	development	strategy	known	as	Vision	2030.	This	comprehensive	plan	aims	to	reduce	dependency	
on	oil,	diversify	the	economy,	and	develop	public	service	sectors,	with	healthcare	identified	as	a	critical	
domain	for	advancement.	A	centerpiece	of	this	healthcare	transformation	is	the	establishment	of	healthcare	
clusters—groups	of	geographically	proximate,	interconnected	healthcare	facilities	operating	under	unified	
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governance	structures	to	enhance	service	integration,	resource	efficiency,	and	quality	of	care	(Ministry	of	
Health,	2021).	

The	successful	implementation	of	healthcare	clusters	requires	systematic	integration	of	diverse	disciplines	
and	technologies	to	create	cohesive	service	networks.	Among	these	disciplines,	biomedical	engineering,	
pharmacy	assistance,	and	medical	records	management	emerge	as	particularly	crucial	components	of	the	
infrastructure	supporting	effective	cluster	operations.	These	fields	jointly	contribute	to	the	technological	
backbone,	medication	management	systems,	and	information	governance	frameworks	that	enable	clusters	
to	function	as	coordinated	service	entities	rather	than	fragmented	facilities.	

Biomedical	engineering	provides	essential	technological	infrastructure	through	equipment	management,	
innovative	medical	device	development,	and	systems	integration.	This	discipline	ensures	that	healthcare	
technologies	 across	 clustered	 facilities	 maintain	 interoperability,	 safety	 standards,	 and	 optimal	
functionality—critical	 requirements	 for	 standardized,	 high-quality	 care	 delivery.	 Pharmacy	 assistance	
enhances	medication	management	processes,	patient	safety	protocols,	and	resource	optimization	through	
inventory	control	and	distribution	systems	spanning	multiple	 facilities	within	clusters.	Medical	 records	
specialists	 facilitate	 data-driven	 decision-making	 by	 establishing	 information	 governance	 frameworks,	
ensuring	 regulatory	 compliance,	 and	maintaining	 interoperability	 of	 patient	 information	 across	 cluster	
components.	

The	 Saudi	 healthcare	 context	 presents	 unique	 characteristics	 that	 influence	 how	 these	 disciplines	
contribute	 to	 cluster	 development.	 These	 include	 ambitious	 digital	 transformation	 initiatives,	 evolving	
regulatory	 frameworks,	and	cultural	 considerations	affecting	 technology	adoption	and	 interdisciplinary	
collaboration.	Understanding	these	contextual	elements	is	essential	to	developing	effective	strategies	for	
enhancing	 the	 contributions	 of	 biomedical	 engineering,	 pharmacy	 assistance,	 and	 medical	 records	
management	to	healthcare	cluster	advancement.	

This	 comprehensive	 review	examines	how	 technological	 integration	and	 interdisciplinary	collaboration	
among	these	three	disciplines	contribute	to	advancing	healthcare	clusters	 in	Saudi	Arabia.	By	analyzing	
current	 evidence,	 identifying	 challenges,	 and	 synthesizing	 best	 practices,	 this	 study	 aims	 to	 provide	
practical	insights	for	healthcare	policymakers,	administrators,	and	practitioners	engaged	in	implementing	
the	healthcare	cluster	model	under	Vision	2030.	The	ultimate	goal	is	to	optimize	the	contributions	of	these	
disciplines	in	supporting	Saudi	Arabia's	healthcare	transformation	objectives.	

2. Literature	Review	

2.1 Healthcare	Clusters	in	Saudi	Vision	2030	

Healthcare	clusters	represent	a	fundamental	restructuring	of	service	delivery	in	Saudi	Arabia,	designed	to	
enhance	integration,	efficiency,	and	quality	through	geographical	organization	of	facilities	under	unified	
governance.	 Al-Hanawi	 et	 al.	 (2022)	 describe	 this	 cluster	model	 as	 organizing	 healthcare	 services	 into	
regional	 networks	 comprising	 primary,	 secondary,	 and	 tertiary	 care	 facilities	 sharing	 administrative	
systems,	clinical	protocols,	and	technological	infrastructure.	This	approach	aligns	with	the	core	Vision	2030	
healthcare	objectives	of	improving	service	quality,	increasing	private	sector	participation,	and	enhancing	
operational	efficiency.	

The	 historical	 context	 for	 this	 cluster	 development	 emerges	 from	 recognized	 fragmentation	 in	 Saudi	
healthcare	 delivery.	 Albejaidi	 (2010)	 documented	 how	 disconnected	 facilities,	 inconsistent	 clinical	
protocols,	 and	variable	 technological	 capacities	 created	 inefficiencies	 and	quality	disparities	 across	 the	
system.	The	cluster	model	addresses	these	challenges	by	establishing	geographic	service	networks	with	
standardized	protocols,	shared	resources,	and	integrated	patient	pathways	(Ministry	of	Health,	2021).	

Implementation	 of	 healthcare	 clusters	 commenced	 formally	 in	 2019,	 with	 the	 Kingdom	 initially	
establishing	four	clusters	in	Riyadh	and	planning	to	develop	a	total	of	20	clusters	nationwide	(Alkhamis,	
2021).	 Early	 evidence	 suggests	 promising	 results,	 with	 Al-Farhan	 et	 al.	 (2022)	 reporting	 initial	
improvements	 in	 resource	 utilization,	 service	 coordination,	 and	patient	 satisfaction	within	 established	
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clusters.	 However,	 Alkhamis	 also	 notes	 significant	 implementation	 challenges,	 particularly	 regarding	
technological	integration,	workforce	development,	and	change	management.	

Technology	emerges	as	a	critical	enabler	of	successful	cluster	operations.	Al-Sobhi	et	al.	(2020)	identified	
how	 digital	 systems	 facilitate	 essential	 cluster	 functions	 including	 integrated	 patient	 referrals,	 shared	
medical	 records,	 coordinated	 supply	 chains,	 and	 unified	 administrative	 processes.	 Their	 analysis	
highlighted	how	technological	 limitations	can	severely	constrain	cluster	effectiveness,	underscoring	 the	
importance	of	robust	technological	infrastructure.	

The	 governance	 structure	 of	 clusters	 represents	 another	 defining	 characteristic,	with	 clusters	 typically	
administered	by	 semi-autonomous	boards	operating	under	performance	 contracts	with	 the	Ministry	of	
Health.	 This	 corporatized	 governance	model	 aims	 to	 enhance	 operational	 flexibility	while	maintaining	
strategic	alignment	with	national	healthcare	priorities	(Ministry	of	Health,	2021).	Albejaidi	&	Katz	(2020)	
examined	early	implementation	experiences,	noting	both	benefits	in	terms	of	innovation	and	challenges	
regarding	accountability	mechanisms.	

Healthcare	 human	 resources	 present	 both	 opportunities	 and	 challenges	 for	 cluster	 development.	 Al-	
Dossary	 (2018)	 analyzed	workforce	 implications	of	healthcare	 clustering,	 identifying	potential	 benefits	
including	 enhanced	 professional	 development,	 standardized	 practices,	 and	 improved	 skill	 utilization.	
However,	 the	 analysis	 also	 revealed	 challenges	 regarding	 professional	 integration	 across	 previously	
separate	facilities,	adaptation	to	new	technology	systems,	and	changes	in	reporting	relationships.	

2.2 Role	of	Biomedical	Engineering	in	Healthcare	Clusters	

Biomedical	 engineering	 provides	 essential	 technological	 infrastructure	 supporting	 healthcare	 cluster	
operations	through	equipment	management,	innovative	technology	development,	and	systems	integration.	
Within	 the	 Saudi	 context,	 Al-Shammari	 and	Al-Sultan	 (2020)	 documented	 how	biomedical	 engineering	
departments	 increasingly	 function	 as	 technology	 management	 hubs	 coordinating	 medical	 equipment	
standards,	maintenance	protocols,	and	procurement	specifications	across	multiple	facilities	within	clusters.	

The	evolution	of	biomedical	engineering	in	Saudi	healthcare	reflects	growing	recognition	of	its	strategic	
importance.	 Historically	 positioned	 as	 primarily	 maintenance-focused	 units,	 these	 departments	 now	
assume	 expanded	 responsibilities	 encompassing	 technology	 assessment,	 innovation	 development,	 and	
systems	 integration	 (Almalki	 et	 al.,	 2018).	 This	 evolution	 aligns	 with	 international	 trends	 in	 which	
biomedical	 engineering	 increasingly	 contributes	 to	 strategic	 healthcare	 planning	 and	 digital	
transformation.	

Equipment	 standardization	 represents	 a	 critical	 biomedical	 engineering	 contribution	 to	 cluster	
functionality.	Mominah	et	al.	 (2018)	analyzed	how	standardized	medical	devices	and	equipment	across	
clustered	facilities	enhance	operational	efficiency	through	simplified	maintenance,	interchangeable	parts,	
streamlined	 training,	 and	 volume-based	 procurement	 advantages.	 Their	 study	 of	 three	 Saudi	 hospitals	
demonstrated	cost	reductions	of	12-17%	through	coordinated	equipment	standardization	programs.	

Beyond	equipment	management,	biomedical	engineers	contribute	to	developing	innovative	technologies	
addressing	specific	cluster	needs.	Alkahtani	et	al.	(2019)	documented	how	biomedical	engineering	teams	
in	Saudi	healthcare	institutions	have	developed	monitoring	systems	for	tracking	mobile	medical	equipment	
across	multiple	facilities,	addressing	the	common	cluster	challenge	of	resource	sharing.	Similar	innovations	
include	 patient	 flow	 management	 systems	 and	 remote	 diagnostic	 technologies	 enhancing	 resource	
utilization	across	cluster	networks.	

System	 integration	 represents	 perhaps	 the	most	 sophisticated	 biomedical	 engineering	 contribution	 to	
cluster	 operations.	Al-Shammari	 et	 al.	 (2022)	described	how	biomedical	 engineers	develop	 integration	
solutions	 allowing	diverse	medical	 devices	 and	 information	 systems	 to	 communicate	 effectively	 across	
cluster	facilities.	This	integration	capacity	proves	essential	for	creating	unified	technology	environments	
supporting	coordinated	care	delivery.	
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Alsulami	 and	 Atkins	 (2016)	 analyzed	 challenges	 facing	 biomedical	 engineering	 in	 supporting	 Saudi	
healthcare	transformation,	identifying	workforce	limitations	as	particularly	significant.	Their	assessment	
revealed	 shortages	 of	 specialized	 biomedical	 engineers	 with	 advanced	 digital	 health	 competencies,	
particularly	in	emerging	areas	such	as	artificial	intelligence	applications,	remote	monitoring	systems,	and	
cybersecurity	for	networked	medical	devices.	

Professional	 development	 emerges	 as	 another	 critical	 dimension,	 with	 Al-Fadl	 and	 Khalid	 (2020)	
documenting	 how	 biomedical	 engineering	 roles	 in	 Saudi	 healthcare	 increasingly	 require	 expanded	
competencies	in	project	management,	clinical	workflow	analysis,	and	interdisciplinary	collaboration.	Their	
survey	 of	 112	 biomedical	 engineers	working	 in	 Saudi	 healthcare	 institutions	 revealed	 significant	 gaps	
between	current	competencies	and	those	required	for	supporting	complex	healthcare	clusters.	

2.3 Pharmacy	Assistance	in	Healthcare	Clusters	

Pharmacy	assistance	provides	essential	services	supporting	medication	management,	patient	safety,	and	
resource	 optimization	 across	 healthcare	 clusters.	 Within	 the	 Saudi	 context,	 Alhawsawi	 and	 Alqahtani	
(2021)	 documented	 how	 pharmacy	 departments	 increasingly	 function	 as	 cluster-wide	 medication	
management	 systems	 coordinating	 procurement,	 distribution,	 patient	 education,	 and	 medication	
reconciliation	across	multiple	facilities.	

The	evolution	of	pharmacy	assistance	in	Saudi	healthcare	clusters	reflects	expansion	beyond	traditional	
dispensing	roles.	Alomi	et	al.	(2018)	traced	this	development,	describing	how	pharmacy	teams	now	assume	
greater	responsibilities	in	formulary	management,	pharmacovigilance,	and	clinical	pharmacist	integration	
within	interdisciplinary	care	teams.	This	evolution	supports	the	cluster	objective	of	providing	consistent,	
high-quality	pharmaceutical	services	across	geographically	distributed	facilities.	

Medication	 standardization	 represents	 a	 fundamental	 pharmacy	 contribution	 to	 cluster	 functionality.	
Alomi	(2017)	analyzed	how	standardized	medication	protocols	across	clustered	facilities	enhance	patient	
safety,	 simplify	 prescribing	 practices,	 and	 create	 procurement	 efficiencies	 through	 volume-based	
purchasing.	 Their	 study	 of	 standardized	 formulary	 implementation	within	 a	 Saudi	 healthcare	 network	
demonstrated	medication	error	reductions	of	23%	and	cost	savings	of	approximately	15%.	

Inventory	management	systems	represent	another	critical	pharmacy	contribution	to	cluster	operations.	Al-	
Jedai	 et	 al.	 (2016)	 documented	 how	 centralized	 pharmaceutical	 inventory	 management	 enables	 more	
efficient	resource	allocation	across	clustered	facilities,	reducing	both	stockouts	and	waste.	Their	analysis	of	
pharmacy	automation	implementation	in	Saudi	hospitals	demonstrated	how	technology-enabled	inventory	
systems	improved	medication	availability	by	18%	while	reducing	expired	medication	losses	by	27%.	

Clinical	pharmacy	services	increasingly	extend	across	entire	clusters	rather	than	remaining	facility-specific.	
Albejaidi	and	Al-Harbi	(2019)	described	how	clinical	pharmacists	now	support	multiple	facilities	within	
clusters	 through	 both	 physical	 presence	 and	 virtual	 consultation,	 enhancing	 medication	 therapy	
management	 for	 patients	 transitioning	 between	 different	 care	 levels.	 This	 networked	 approach	 helps	
ensure	therapeutic	continuity	throughout	patient	journeys	within	clusters.	

Pharmaceutical	education	represents	a	growing	pharmacy	contribution	to	cluster	operations.	Alomi	et	al.	
(2020)	analyzed	how	pharmacy	teams	develop	standardized	patient	education	programs	and	materials	
implemented	 consistently	 across	 cluster	 facilities.	 Their	 assessment	 of	 diabetes	 medication	 education	
programs	 implemented	 across	 three	 Saudi	 healthcare	 facilities	 demonstrated	 improved	 medication	
adherence	and	reduced	readmissions	when	standardized	approaches	replaced	facility-specific	education.	

Al-Jedai	 and	 Nurgat	 (2017)	 identified	 significant	 challenges	 facing	 pharmacy	 assistance	 in	 supporting	
healthcare	clusters,	including	medication	reconciliation	across	multiple	care	settings,	establishing	unified	
electronic	prescribing	systems,	and	maintaining	consistent	pharmaceutical	services	across	geographically	
dispersed	 facilities.	Their	analysis	highlighted	how	these	challenges	necessitate	enhanced	 technological	
support	and	interdisciplinary	collaboration	to	ensure	pharmaceutical	care	continuity	throughout	cluster	
networks.	
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2.4 Medical	Records	and	Health	Information	Management	

Medical	 records	 specialists	 facilitate	 data-driven	 decision-making	 through	 information	 governance,	
regulatory	 compliance,	 and	 interoperability	 frameworks	 essential	 for	 cluster	 operations.	Within	 Saudi	
healthcare	 clusters,	 Alabbas	 and	 Al-Qahtani	 (2022)	 documented	 how	 medical	 records	 departments	
increasingly	 function	 as	 information	 management	 hubs	 coordinating	 patient	 data	 access,	 privacy	
protection,	and	analytical	utilization	across	multiple	facilities.	

The	evolution	of	medical	 records	management	 in	Saudi	healthcare	 reflects	 transformation	 from	paper-	
based	 documentation	 to	 sophisticated	 health	 information	 systems.	 Aldosari	 (2014)	 traced	 this	
development,	 describing	 how	 medical	 records	 functions	 now	 encompass	 electronic	 health	 record	
implementation,	data	security	frameworks,	and	health	information	exchange	capabilities.	This	evolution	
directly	 supports	 the	 cluster	 objective	 of	 providing	 seamless	 information	 continuity	 across	 distributed	
healthcare	facilities.	

Data	 standardization	 represents	 a	 fundamental	 medical	 records	 contribution	 to	 cluster	 functionality.	
Altuwaijri	 (2018)	 analyzed	 how	 standardized	 documentation	 formats,	 coding	 practices,	 and	 data	
definitions	 across	 clustered	 facilities	 enhance	 information	 quality,	 analytical	 capabilities,	 and	
interoperability.	 Their	 study	of	 standardized	documentation	 implementation	within	 a	 Saudi	 healthcare	
network	demonstrated	34%	improvement	in	data	completeness	and	41%	enhancement	in	cross-facility	
information	sharing.	

Health	information	exchange	capabilities	represent	another	critical	medical	records	contribution	to	cluster	
operations.	AlMuammar	and	Alshenqeeti	(2020)	documented	how	establishing	secure	information-sharing	
frameworks	enables	clinicians	to	access	relevant	patient	 information	regardless	of	where	previous	care	
occurred	 within	 the	 cluster.	 Their	 analysis	 of	 health	 information	 exchange	 implementation	 in	 Saudi	
healthcare	networks	demonstrated	28%	reduction	in	duplicate	testing	and	17%	improvement	in	transition-	
of-care	quality	metrics.	

Quality	management	increasingly	depends	on	medical	records	capabilities	spanning	entire	clusters.	Khalifa	
(2014)	 described	 how	 medical	 records	 departments	 now	 support	 performance	 measurement,	
accreditation	preparation,	and	quality	improvement	initiatives	through	data	extraction	and	reporting	from	
multiple	 facilities.	This	coordinated	approach	helps	ensure	consistent	quality	standards	 throughout	 the	
cluster	while	identifying	improvement	opportunities.	

Privacy	 protection	 frameworks	 represent	 an	 essential	 medical	 records	 contribution	 to	 ethical	 cluster	
operations.	Aldosari	(2017)	analyzed	how	medical	records	teams	develop	unified	privacy	policies,	access	
control	 mechanisms,	 and	 audit	 procedures	 implemented	 consistently	 across	 cluster	 facilities.	 Their	
assessment	 of	 privacy	 framework	 implementation	 across	 Saudi	 healthcare	 networks	 highlighted	 both	
technological	 and	 procedural	 components	 required	 for	 maintaining	 confidentiality	 within	 integrated	
delivery	systems.	

Al-Rayes	 et	 al.	 (2019)	 identified	 significant	 challenges	 facing	medical	 records	 specialists	 in	 supporting	
healthcare	clusters,	including	establishing	interoperability	between	legacy	systems,	maintaining	consistent	
data	quality	across	facilities	with	different	documentation	practices,	and	implementing	unified	information	
governance	 frameworks.	 Their	 analysis	 emphasized	 how	 these	 challenges	 necessitate	 substantial	
investment	 in	 both	 technology	 infrastructure	 and	 workforce	 development	 to	 support	 effective	 cluster	
operations.	

2.5 Interdisciplinary	Collaboration	in	Healthcare	Clusters	

Interdisciplinary	collaboration	among	biomedical	engineering,	pharmacy	assistance,	and	medical	records	
management	creates	synergistic	capabilities	essential	for	effective	healthcare	cluster	operations.	Al-Jedai	
et	al.	(2020)	documented	how	integration	of	these	disciplines	enables	sophisticated	capabilities	including	
smart	medication	 distribution	 systems,	 technology-enabled	 clinical	workflows,	 and	 data-driven	 quality	
improvement	frameworks	spanning	multiple	facilities.	
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Structural	factors	significantly	influence	collaborative	potential	within	Saudi	healthcare	clusters.	Albejaidi	
and	Katz	(2020)	analyzed	how	organizational	structures,	reporting	relationships,	and	physical	proximity	
affect	 interdisciplinary	 integration.	 Their	 assessment	 of	 early	 cluster	 implementation	 identified	 both	
enabling	factors	(unified	leadership,	shared	goals,	integrated	committees)	and	barriers	(professional	silos,	
separate	physical	locations,	disparate	information	systems)	to	effective	collaboration.	

Communication	patterns	represent	fundamental	determinants	of	collaborative	effectiveness.	Al-Mahmoud	
et	 al.	 (2017)	 described	 how	 formal	 and	 informal	 communication	 channels	 support	 interdisciplinary	
coordination	 across	 dispersed	 cluster	 facilities.	 Their	 study	 of	 communication	 practices	 within	 Saudi	
healthcare	 networks	 highlighted	 the	 complementary	 roles	 of	 structured	 documentation,	 scheduled	
interdisciplinary	meetings,	and	relationship-based	informal	consultation	in	supporting	collaboration.	

Technological	platforms	increasingly	facilitate	interdisciplinary	coordination	across	healthcare	clusters.	Al-	
Sobhi	 et	 al.	 (2020)	 analyzed	 how	 shared	 information	 systems,	 communication	 tools,	 and	 project	
management	 platforms	 enable	 professionals	 from	 different	 disciplines	 to	 coordinate	 activities	 despite	
geographical	separation.	Their	assessment	of	collaboration	technology	implementation	in	Saudi	healthcare	
institutions	 demonstrated	 significant	 improvements	 in	 cross-disciplinary	 project	 completion	 times	 and	
coordination	satisfaction.	

Professional	identity	factors	influence	collaborative	capabilities	within	Saudi	healthcare	clusters.	Almutairi	
et	al.	(2015)	documented	how	disciplinary	socialization,	status	perceptions,	and	professional	boundaries	
affect	willingness	 to	 engage	 in	 interdisciplinary	 practice.	 Their	 survey	 of	 318	 healthcare	 professionals	
working	in	Saudi	institutions	revealed	both	positive	collaborative	attitudes	and	persistent	disciplinary	silos	
that	potentially	limit	integration	across	professional	boundaries.	

Educational	preparation	increasingly	recognizes	interdisciplinary	collaboration	requirements.	Al-Qahtani	
et	 al.	 (2020)	 described	 emerging	 interdisciplinary	 education	 initiatives	 preparing	 professionals	 for	
collaborative	practice	within	integrated	healthcare	systems.	Their	assessment	of	joint	learning	experiences	
involving	biomedical	engineering,	pharmacy,	and	health	information	management	students	demonstrated	
enhanced	 collaborative	 competencies	 and	 improved	 understanding	 of	 complementary	 professional	
contributions.	

Al-Farhan	 et	 al.	 (2022)	 identified	 significant	 success	 factors	 for	 interdisciplinary	 collaboration	 within	
healthcare	 clusters,	 including	 establishing	 shared	 goals,	 implementing	 supportive	 leadership	 practices,	
developing	 collaborative	 competencies,	 and	 creating	 integrated	 information	 systems.	 Their	 analysis	 of	
successful	collaborative	initiatives	within	Saudi	healthcare	networks	emphasized	the	importance	of	both	
structural	enablers	and	relational	factors	in	supporting	effective	cross-disciplinary	integration.	

3. Technological	Integration	and	Implementation	Frameworks	

3.1 Digital	Health	Strategies	for	Cluster	Advancement	

Digital	health	technologies	provide	essential	infrastructure	supporting	interdisciplinary	collaboration	and	
cluster	integration	across	Saudi	healthcare	networks.	Al-Sobhi	et	al.	(2020)	categorized	these	technologies	
into	 four	 primary	 domains:	 clinical	 information	 systems,	 operational	 management	 platforms,	
communication	 technologies,	 and	 analytical	 capabilities.	 Their	 framework	 helps	 conceptualize	 how	
different	technology	types	contribute	to	specific	cluster	functions.	

Electronic	health	record	(EHR)	systems	represent	foundational	technologies	enabling	cluster	operations.	
Alaboudi	 et	 al.	 (2016)	 analyzed	 EHR	 implementation	 experiences	within	 Saudi	 healthcare	 institutions,	
identifying	 critical	 success	 factors	 including	 leadership	 support,	 change	 management,	 infrastructure	
adequacy,	 and	 user	 involvement.	 Their	 assessment	 emphasized	 how	 EHRs	must	 support	 both	 facility-	
specific	workflows	and	cross-facility	information	sharing	to	effectively	enable	cluster	operations.	

Telemedicine	capabilities	increasingly	extend	specialist	services	across	geographical	clusters.	Alshammari	
and	Alhindi	(2021)	documented	how	telehealth	technologies	connect	primary	and	secondary	facilities	with	
tertiary	 expertise,	 enhancing	 clinical	 support	 without	 requiring	 patient	 transfer.	 Their	 study	 of	
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teledermatology	 implementation	 across	 a	 Saudi	 healthcare	 network	 demonstrated	 43%	 reduction	 in	
unnecessary	referrals	and	67%	improvement	in	primary	care	provider	confidence.	

Internet	of	Medical	Things	 (IoMT)	 technologies	create	 increasingly	connected	healthcare	environments	
within	clusters.	Alwashmi	(2020)	described	how	networked	medical	devices,	remote	monitoring	systems,	
and	wearable	technologies	generate	continuous	data	streams	supporting	both	individual	patient	care	and	
population	 health	 management	 across	 clustered	 facilities.	 Their	 assessment	 highlighted	 both	 clinical	
benefits	and	implementation	challenges	related	to	data	security,	integration,	and	analytical	capacity.	

Pharmacy	information	systems	increasingly	span	entire	clusters	rather	than	functioning	as	facility-specific	
applications.	 Alomi	 et	 al.	 (2020)	 analyzed	 how	 integrated	 medication	 management	 platforms	 support	
standardized	 formularies,	 unified	 inventory	 control,	 and	 consistent	 clinical	 decision	 support	 across	
networked	 facilities.	 Their	 evaluation	 of	 system	 implementation	 within	 Saudi	 healthcare	 institutions	
demonstrated	significant	improvements	in	both	medication	safety	metrics	and	operational	efficiency.	

Artificial	intelligence	applications	show	growing	potential	for	enhancing	cluster	capabilities.	Alasaad	et	al.	
(2021)	documented	emerging	AI	implementations	supporting	diagnostic	assistance,	predictive	analytics,	
and	resource	optimization	across	Saudi	healthcare	networks.	Their	assessment	of	early	implementations	
highlighted	both	promising	results	in	enhancing	clinical	decision-making	and	significant	implementation	
challenges	regarding	data	quality,	algorithm	transparency,	and	clinical	workflow	integration.	

Cloud	 computing	 increasingly	 provides	 infrastructure	 supporting	 cluster-wide	 applications.	 AlBar	 and	
Hoque	 (2019)	 analyzed	 how	 cloud-based	 healthcare	 solutions	 address	 challenges	 of	 scalability,	
maintenance,	 and	 accessibility	 across	 geographically	 distributed	 facilities.	 Their	 evaluation	 of	 cloud	
adoption	 in	Saudi	healthcare	 institutions	demonstrated	benefits	 including	reduced	 infrastructure	costs,	
improved	system	availability,	and	enhanced	disaster	recovery	capabilities.	

Table	1	presents	a	classification	of	digital	health	technologies	supporting	healthcare	cluster	operations	in	
Saudi	Arabia:	

Table	1:	Digital	Health	Technologies	Supporting	Healthcare	Cluster	Operations	
	

Technology	Category	 Specific	
Applications	

Primary	 Cluster	
Functions	Supported	

Key	 Interdisciplinary	
Interfaces	

Clinical	 Information	
Systems	

Electronic	 Health	
Records	

Computerized	
Provider	Order	Entry	

Clinical	 Decision	
Support	

Digital	 Imaging	
Systems	

Shared	patient	records	

Standardized	 clinical	
workflows	

Evidence-based	practice	

Remote	consultation	

Medical	 Records-	
Biomedical	Engineering	

Pharmacy-Medical	
Records	

All	three	disciplines	

Biomedical	 Engineering-	
Medical	Records	

Operational	
Management	
Platforms	

Enterprise	 Resource	
Planning	

Supply	 Chain	
Management	

Inventory	 Control	
Systems	

Human	 Resource	
Management	

Resource	allocation	

Material	distribution	

Equipment	tracking	

Workforce	scheduling	

Biomedical	 Engineering-	
Pharmacy	

All	three	disciplines	

Biomedical	 Engineering-	
Pharmacy	

All	three	disciplines	
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Communication	
Technologies	

Secure	 Messaging	
Systems	

Telehealth	Platforms	

Mobile	Applications	

Patient	Portals	

Interdisciplinary	
consultation	

Remote	clinical	services	

Point-of-care	
information	

Patient	engagement	

All	three	disciplines	

Biomedical	 Engineering-	
Medical	Records	

All	three	disciplines	

Pharmacy-Medical	
Records	

Analytical	Capabilities	 Business	 Intelligence	
Tools	

Clinical	Analytics	

Population	 Health	
Platforms	

Quality	Dashboards	

Performance	
measurement	

Clinical	outcome	analysis	

Risk	stratification	

Quality	improvement	

Medical	 Records-	
Biomedical	Engineering	

All	three	disciplines	

Medical	 Records-	
Pharmacy	

All	three	disciplines	

	
3.2 Implementation	Frameworks	and	Governance	Models	

Effective	 implementation	 frameworks	provide	 structured	approaches	 for	 advancing	healthcare	 clusters	
through	interdisciplinary	integration.	Almutairi	et	al.	(2018)	proposed	a	multi-level	implementation	model	
addressing	 technological,	 organizational,	 and	 human	 factors	 affecting	 cluster	 development.	 Their	
framework	 emphasizes	 alignment	 between	 these	 dimensions	 as	 essential	 for	 successful	 cluster	
implementation.	

Governance	 structures	 significantly	 influence	 interdisciplinary	 collaboration	within	healthcare	 clusters.	
Albejaidi	and	Katz	(2020)	analyzed	how	different	governance	models	affect	integration	across	professional	
boundaries,	identifying	four	primary	approaches:	functional	departmental	governance,	matrix	structures,	
service	line	organization,	and	fully	integrated	governance.	Their	assessment	found	that	matrix	structures	
incorporating	 both	 disciplinary	 expertise	 and	 cross-functional	 integration	 most	 effectively	 supported	
interdisciplinary	collaboration	within	Saudi	healthcare	clusters.	

Project	 management	methodologies	 increasingly	 guide	 technology	 implementation	 within	 clusters.	 Al-	
Shammari	 and	 Al-Sultan	 (2020)	 evaluated	 how	 structured	 project	 management	 approaches	 enhance	
implementation	success	for	complex	technological	systems	spanning	multiple	facilities.	Their	comparison	
of	 traditional,	 agile,	 and	 hybrid	 methodologies	 found	 that	 hybrid	 approaches	 combining	 standardized	
documentation	with	iterative	implementation	cycles	achieved	superior	results	in	Saudi	healthcare	settings.	

Stakeholder	engagement	strategies	significantly	influence	implementation	success.	Alaboudi	et	al.	(2016)	
analyzed	how	 involving	key	stakeholders	 from	biomedical	engineering,	pharmacy,	and	medical	 records	
throughout	 planning	 and	 implementation	 processes	 enhanced	 adoption	 of	 cluster-wide	 information	
systems.	 Their	 assessment	 emphasized	 early	 engagement,	 continuous	 communication,	 and	meaningful	
participation	in	design	decisions	as	critical	success	factors.	

Change	 management	 frameworks	 address	 the	 human	 dimensions	 of	 cluster	 implementation.	 Al-Abri	
(2017)	documented	how	structured	change	management	approaches	help	overcome	resistance	and	build	
engagement	during	major	healthcare	transformations.	Their	evaluation	of	change	management	practices	
within	 Saudi	 healthcare	 institutions	 identified	 leadership	 commitment,	 clear	 communication,	 training	
adequacy,	and	demonstrated	benefits	as	key	factors	supporting	successful	organizational	change.	

Quality	 improvement	methodologies	 increasingly	guide	 cluster	advancement	 initiatives.	Al-Ahmadi	and	
Roland	(2005)	analyzed	how	frameworks	such	as	Lean,	Six	Sigma,	and	Plan-Do-Study-Act	cycles	support	
systematic	improvement	of	cluster	operations.	Their	assessment	found	that	these	structured	improvement	
methodologies	provided	valuable	approaches	for	enhancing	interdisciplinary	processes	spanning	multiple	
facilities	within	healthcare	clusters.	
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Risk	 management	 approaches	 address	 implementation	 challenges	 proactively.	 Alharbi	 et	 al.	 (2019)	
evaluated	how	systematic	risk	assessment	and	mitigation	planning	enhanced	technology	implementation	
success	within	Saudi	healthcare	institutions.	Their	framework	for	identifying,	analyzing,	and	addressing	
implementation	risks	helped	organizations	anticipate	and	manage	challenges	affecting	 interdisciplinary	
system	deployments	across	clustered	facilities.	

Table	2	presents	key	implementation	frameworks	supporting	healthcare	cluster	advancement:	

Table	2:	Implementation	Frameworks	Supporting	Healthcare	Cluster	Advancement	
	

Framework	
Category	

Specific	Approaches	 Primary	Applications	 Key	Success	Factors	

Governance	
Models	

Matrix	Structures	

Service	 Line	
Organization	

Integrated	 Clinical	
Networks	

Corporatized	
Governance	

Interdisciplinary	
coordination	

Clinical	 pathway	
management	

Cross-facility	
standardization	

Operational	autonomy	

Clear	accountability	

Balanced	representation	

Authority-responsibility	
alignment	

Performance	measurement	

Project	
Management	

Hybrid	Methodologies	

Phased	Implementation	

Agile	Approaches	

Benefits	Realization	

Complex	 system	
deployment	

Multi-facility	rollouts	

Iterative	development	

Value	demonstration	

Structured	documentation	

Adaptive	planning	

User	involvement	

Outcome	tracking	

Change	
Management	

Kotter's	8-Step	Model	

ADKAR	Framework	

Stakeholder	
Engagement	

Communication	
Planning	

Organizational	
transformation	

Workflow	redesign	

Building	commitment	

Reducing	resistance	

Leadership	commitment	

Compelling	vision	

Skills	development	

Quick	wins	demonstration	

Quality	
Improvement	

Lean	Methodology	

Six	Sigma	

Plan-Do-Study-Act	

Clinical	 Practice	
Improvement	

Process	optimization	

Error	reduction	

Continuous	
improvement	

Outcome	enhancement	

Process	analysis	

Measurement	capability	

Interdisciplinary	teams	

Systematic	approach	

Risk	Management	 Proactive	Assessment	

Contingency	Planning	

Decision	Analysis	

Continuous	Monitoring	

Implementation	
planning	

Technology	adoption	

Resource	allocation	

Performance	oversight	

Comprehensive	
identification	

Prioritization	methods	

Response	strategies	

Regular	reassessment	
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4. Workforce	Development	and	Cultural	Considerations	

4.1 Professional	Development	for	Interdisciplinary	Collaboration	

Professional	 development	 initiatives	 play	 crucial	 roles	 in	 preparing	 biomedical	 engineers,	 pharmacy	
assistants,	and	medical	records	specialists	for	effective	interdisciplinary	collaboration	within	healthcare	
clusters.	 Al-Dossary	 (2018)	 identified	 three	 primary	 development	 dimensions	 requiring	 attention:	
technical	 competencies	 specific	 to	 each	 discipline,	 collaborative	 capabilities	 spanning	 disciplinary	
boundaries,	and	system	thinking	skills	supporting	integrated	cluster	operations.	

Competency	frameworks	increasingly	guide	professional	development	within	Saudi	healthcare.	Al-Qahtani	
et	al.	(2020)	documented	emerging	competency	models	addressing	both	discipline-specific	expertise	and	
interdisciplinary	capabilities	required	for	cluster	environments.	Their	analysis	identified	core	collaborative	
competencies	 including	 communication	 skills,	 role	 understanding,	 conflict	 resolution,	 shared	 decision-	
making,	and	technology	utilization	that	span	all	three	professional	groups.	

Educational	 preparation	 increasingly	 incorporates	 interdisciplinary	 experiences.	 Alkadhi	 et	 al.	 (2019)	
described	 how	health	 professions	 education	 programs	 have	 begun	 introducing	 joint	 learning	 activities	
bringing	together	students	from	different	disciplines	to	develop	collaborative	capabilities	before	entering	
practice.	Their	evaluation	of	 interdisciplinary	simulation	experiences	 involving	biomedical	engineering,	
pharmacy,	and	health	information	management	students	demonstrated	enhanced	mutual	understanding	
and	improved	collaborative	attitudes.	

Continuing	education	increasingly	addresses	evolving	cluster	requirements.	Albejaidi	and	Al-Harbi	(2019)	
analyzed	 how	 professional	 development	 programs	 help	 existing	 practitioners	 adapt	 to	 changing	 roles	
within	healthcare	clusters.	Their	assessment	of	continuing	education	initiatives	within	Saudi	healthcare	
institutions	highlighted	both	successful	approaches	and	ongoing	challenges	in	preparing	professionals	for	
expanded	responsibilities	within	integrated	delivery	systems.	

Leadership	development	emerges	as	particularly	important	for	supporting	interdisciplinary	integration.	
Al-Yami	 et	 al.	 (2018)	 documented	 how	 leadership	 capabilities	 significantly	 influence	 collaborative	
effectiveness	within	healthcare	clusters.	Their	analysis	of	leadership	development	programs	within	Saudi	
healthcare	 organizations	 emphasized	 the	 importance	 of	 preparing	 leaders	 who	 can	 span	 disciplinary	
boundaries,	establish	collaborative	cultures,	and	facilitate	integration	across	traditional	professional	silos.	

Mentorship	programs	increasingly	support	professional	adaptation	to	cluster	environments.	Almalki	et	al.	
(2018)	 described	 how	 structured	 mentorship	 relationships	 help	 professionals	 navigate	 changing	
responsibilities	and	relationships	within	 integrated	healthcare	systems.	Their	evaluation	of	mentorship	
initiatives	 within	 Saudi	 healthcare	 institutions	 demonstrated	 positive	 impacts	 on	 both	 professional	
satisfaction	and	collaborative	capability	development.	

Technology	competency	development	presents	particular	challenges	given	rapid	innovation.	Al-Sobhi	et	al.	
(2020)	analyzed	how	healthcare	professionals	struggle	to	maintain	current	technology	capabilities	amidst	
accelerating	digital	 transformation.	Their	 assessment	of	 technology	education	approaches	within	Saudi	
healthcare	 highlighted	 both	 formal	 training	 programs	 and	 informal	 learning	 communities	 as	
complementary	approaches	to	developing	and	maintaining	digital	competencies.	

4.2 Cultural	Considerations	in	Cluster	Implementation	

Cultural	 factors	 significantly	 influence	 how	 healthcare	 clusters	 develop	 and	 function	 within	 the	 Saudi	
context.	 Almutairi	 et	 al.	 (2015)	 identified	 multiple	 cultural	 dimensions	 affecting	 interdisciplinary	
collaboration	 and	 technology	 adoption,	 including	 professional	 cultures,	 organizational	 cultures,	 and	
broader	societal	values	shaping	healthcare	 interactions.	Understanding	these	cultural	 influences	proves	
essential	for	effective	cluster	implementation.	

Professional	identity	significantly	shapes	collaborative	possibilities.	Al-Mahmoud	et	al.	(2017)	documented	
how	 strong	 disciplinary	 socialization	 creates	 both	 specialized	 expertise	 and	 potential	 barriers	 to	
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interdisciplinary	integration.	Their	assessment	of	professional	cultures	within	Saudi	healthcare	identified	
varying	 collaborative	 readiness	 across	 disciplines,	 with	 some	 professions	 demonstrating	 stronger	
collaborative	orientations	while	others	maintained	more	pronounced	disciplinary	boundaries.	

Organizational	cultures	substantially	influence	collaborative	practices	within	healthcare	clusters.	Al-Hosis	
(2017)	 analyzed	 how	 organizational	 values,	 leadership	 styles,	 and	 established	 patterns	 shape	
interdisciplinary	 interaction.	 Their	 comparison	 of	 organizational	 cultures	 across	 Saudi	 healthcare	
institutions	 revealed	 significant	 variations	 in	 collaborative	 orientation,	 with	 some	 organizations	
demonstrating	highly	 integrated	practices	while	others	maintained	stronger	departmental	 silos	despite	
formal	cluster	structures.	

Technology	adoption	patterns	reflect	cultural	influences	beyond	purely	technical	considerations.	AlBar	and	
Hoque	 (2019)	 documented	 how	 cultural	 factors	 including	 uncertainty	 avoidance,	 power	 distance,	 and	
collectivist	orientations	affect	healthcare	professionals'	responses	to	new	technologies.	Their	assessment	
of	technology	implementation	within	Saudi	healthcare	institutions	highlighted	the	importance	of	culturally	
appropriate	change	management	approaches	addressing	these	dimensions.	

Generational	 differences	 increasingly	 influence	 collaborative	 and	 technological	 practices.	 Alharbi	 et	 al.	
(2019)	 analyzed	 how	 different	 professional	 generations	 demonstrate	 varying	 attitudes	 toward	
interdisciplinary	collaboration	and	technology	utilization.	Their	survey	of	Saudi	healthcare	professionals	
revealed	 significant	 generational	 variations	 in	 collaborative	 orientation,	 technology	 comfort,	 and	
adaptation	readiness—differences	requiring	consideration	in	cluster	implementation	strategies.	

Leadership	styles	significantly	affect	collaborative	culture	development.	Al-Ahmadi	 (2011)	documented	
how	 leadership	 approaches	 influence	 organizational	 readiness	 for	 interdisciplinary	 integration.	 Their	
assessment	of	 leadership	practices	within	Saudi	healthcare	 institutions	 identified	 transformational	 and	
authentic	 leadership	 styles	 as	 particularly	 effective	 in	 fostering	 collaborative	 cultures	 supporting	
healthcare	cluster	development.	

Gender	considerations	require	attention	within	the	Saudi	healthcare	context.	Al-Mahmoud	et	al.	 (2017)	
analyzed	how	gender	composition	and	interaction	patterns	within	healthcare	teams	influence	collaborative	
practices.	 Their	 assessment	 highlighted	 both	 challenges	 and	 opportunities	 related	 to	 gender	 dynamics	
within	interdisciplinary	teams,	noting	increasing	female	representation	across	healthcare	professions	and	
evolving	workplace	interaction	patterns.	

Table	3	presents	cultural	factors	influencing	healthcare	cluster	implementation	in	Saudi	Arabia:	

Table	3:	Cultural	Factors	Influencing	Healthcare	Cluster	Implementation	
	

Cultural	
Dimension	

Key	Characteristics	 Implications	 for	 Cluster	
Implementation	

Adaptation	Strategies	

Professional	
Cultures	

Specialized	knowledge	

Disciplinary	
socialization	

Role	boundaries	

Status	differences	

Potential	 collaborative	
barriers	

Discipline-specific	priorities	

Communication	challenges	

Interdisciplinary	tensions	

Joint	 education	
experiences	

Shared	goal	emphasis	

Boundary-spanning	
roles	

Status	 recognition	
approaches	

Organizational	
Cultures	

Hierarchical	structures	

Decision-making	
patterns	

Innovation	orientation	

Governance	 adaptation	
challenges	

Implementation	 pace	
variations	

Deliberate	 culture	
development	

Adaptive	 leadership	
approaches	
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 Collaborative	history	 Technology	 adoption	
readiness	

Integration	 capability	
differences	

Organizational	readiness	
assessment	

Tailored	implementation	
pacing	

Generational	
Factors	

Digital	 nativity	
variations	

Work-style	preferences	

Authority	perceptions	

Change	readiness	

Technology	 adoption	
differences	

Communication	 style	
variations	

Leadership	 response	
differences	

Adaptation	 pace	
expectations	

Multi-modal	 training	
approaches	

Diverse	 communication	
channels	

Inclusive	 decision	
processes	

Generational	 bridging	
strategies	

Gender	
Considerations	

Professional	
representation	

Interaction	patterns	

Leadership	
opportunities	

Work-life	integration	

Team	composition	effects	

Communication	 dynamics	

Leadership	diversity	

Scheduling	considerations	

Inclusive	 team	
structures	

Communication	 skill	
development	

Leadership	 pathway	
creation	

Flexible	 work	
arrangements	

Regional	
Variations	

Urban-rural	differences	

Local	 healthcare	
traditions	

Community	
engagement	patterns	

Resource	distribution	

Implementation	 pace	
variations	

Adaptation	 requirement	
differences	

Engagement	 approach	
variations	

Resource	 allocation	
challenges	

Context-sensitive	
implementation	

Local	 stakeholder	
involvement	

Customized	engagement	
approaches	

Differential	 resource	
planning	

	
5. Implementation	Models	and	Case	Examples	

5.1 Successful	Implementation	Approaches	

Several	implementation	models	demonstrate	successful	integration	of	biomedical	engineering,	pharmacy	
assistance,	 and	medical	 records	management	within	 Saudi	 healthcare	 clusters.	 Al-Farhan	 et	 al.	 (2022)	
documented	implementation	experiences	across	multiple	Saudi	healthcare	networks,	identifying	common	
elements	 in	 successful	 approaches	 including	 phased	 implementation,	 strong	 governance	 structures,	
dedicated	integration	resources,	and	comprehensive	training	programs.	

Model	1:	Technologically-Led	Integration	prioritizes	establishing	unified	technological	infrastructure	as	a	
foundation	 for	 subsequent	 organizational	 integration.	 Al-Shammari	 et	 al.	 (2022)	 described	 an	
implementation	 approach	 that	 began	 with	 establishing	 interoperable	 information	 systems	 connecting	
biomedical	 devices,	 pharmacy	 systems,	 and	 electronic	 health	 records.	 This	 technological	 foundation	
subsequently	 supported	 process	 standardization	 and	 collaborative	 workflow	 development	 across	
previously	 separate	 facilities.	 Their	 assessment	 found	 that	 this	 approach	 provided	 clear	 structural	
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improvements	 but	 required	 additional	 attention	 to	 human	 and	 organizational	 factors	 to	 achieve	 full	
benefits.	

Model	 2:	 Service	 Line	 Organization	 establishes	 cross-facility	 clinical	 programs	 with	 dedicated	
multidisciplinary	teams.	Albejaidi	and	Katz	(2020)	documented	how	organizing	cluster	resources	around	
specific	 service	 lines	 such	 as	 cardiovascular	 care,	 oncology,	 and	maternal-child	 health	 created	 natural	
platforms	for	interdisciplinary	collaboration.	This	approach	embedded	biomedical	engineering,	pharmacy,	
and	 medical	 records	 specialists	 within	 service-specific	 teams	 supporting	 multiple	 facilities.	 Their	
evaluation	found	enhanced	collaboration	around	specific	patient	populations	but	identified	challenges	in	
maintaining	professional	development	and	standard	practices	across	different	service	lines.	

Model	 3:	 Hub-and-Spoke	 Implementation	 establishes	 centralized	 expertise	 supporting	 distributed	
facilities.	Al-Jedai	et	al.	(2020)	described	how	creating	specialized	central	teams	in	biomedical	engineering,	
clinical	pharmacy,	and	health	information	management	that	support	multiple	facilities	enabled	resource	
optimization	while	maintaining	specialized	expertise.	This	approach	positioned	advanced	practitioners	at	
hub	facilities	while	establishing	standardized	practices	and	consultative	relationships	with	spoke	facilities.	
Their	 assessment	 found	 this	model	 particularly	 effective	 for	 clusters	 spanning	 significant	 geographical	
areas	with	varying	facility	sizes.	

Model	 4:	 Integrated	 Project	 Implementation	 organizes	 cross-disciplinary	 teams	 around	 specific	
improvement	 initiatives.	 Al-Rayes	 et	 al.	 (2019)	 documented	 how	 forming	 dedicated	 project	 teams	
combining	biomedical	engineering,	pharmacy,	and	medical	records	expertise	 to	address	specific	cluster	
priorities	 created	 practical	 collaboration	 models	 with	 demonstrable	 outcomes.	 This	 approach	 focused	
interdisciplinary	 collaboration	 on	 concrete	 objectives	 such	 as	 medication	 safety	 enhancement,	
telemedicine	 implementation,	 or	 quality	 reporting	 improvement.	 Their	 evaluation	 found	 this	 model	
particularly	 effective	 for	 building	 collaborative	 capabilities	 through	 project-based	 experiences	 with	
tangible	results.	

Critical	 success	 factors	 identified	 across	multiple	 implementation	models	 include	 executive	 leadership	
commitment,	dedicated	integration	resources,	performance	measurement	systems	tracking	both	process	
and	outcome	metrics,	comprehensive	training	programs,	and	celebration	of	early	successes.	Al-Ahmadi	and	
Roland	 (2005)	 emphasized	 how	 these	 factors	 collectively	 create	 momentum	 for	 sustainable	
implementation	progress	even	when	facing	inevitable	challenges.	

Common	 implementation	 challenges	 included	 legacy	 system	 integration,	 professional	 resistance	 to	
changing	 roles,	 geographical	 coordination	 difficulties,	 and	maintaining	momentum	 through	 leadership	
transitions.	Al-Abri	(2017)	noted	that	successful	implementations	addressed	these	challenges	proactively	
through	explicit	risk	management	strategies	rather	than	allowing	them	to	derail	progress.	

5.2 Application	to	Vision	2030	Objectives	

The	 successful	 integration	 of	 biomedical	 engineering,	 pharmacy	 assistance,	 and	 medical	 records	
management	directly	supports	multiple	Vision	2030	healthcare	objectives.	Al-Hanawi	et	al.	(2022)	analyzed	
alignments	between	 interdisciplinary	healthcare	 integration	and	specific	national	 transformation	goals,	
identifying	several	direct	contributions	to	Vision	2030	implementation.	

Quality	improvement	represents	a	primary	Vision	2030	healthcare	objective	supported	by	interdisciplinary	
integration.	Alkhamis	(2021)	documented	how	unified	technology	systems,	standardized	clinical	processes,	
and	coordinated	quality	improvement	initiatives	enabled	by	cross-disciplinary	collaboration	significantly	
enhanced	care	quality	metrics	within	Saudi	healthcare	clusters.	Their	analysis	of	quality	indicators	before	
and	after	cluster	implementation	demonstrated	improvements	in	medication	safety,	diagnostic	accuracy,	
and	care	coordination	directly	attributable	to	enhanced	integration	across	previously	siloed	functions.	

Cost	 efficiency	 emerges	 as	 another	 Vision	 2030	 objective	 advanced	 through	 effective	 disciplinary	
integration.	 Al-Jedai	 et	 al.	 (2016)	 analyzed	 how	 coordinated	 resource	 management	 across	 biomedical	
engineering,	 pharmacy,	 and	 information	 management	 functions	 generated	 significant	 operational	
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efficiencies.	Their	economic	analysis	of	equipment	standardization,	inventory	optimization,	and	reduced	
duplicative	 documentation	 demonstrated	 cost	 savings	 ranging	 from	 12-23%	 when	 these	 functions	
operated	in	coordinated	rather	than	independent	fashion.	

Digital	 transformation	 represents	 a	 cornerstone	 Vision	 2030	 initiative	 substantially	 enabled	 by	
interdisciplinary	 integration.	 Al-Sobhi	 et	 al.	 (2020)	 documented	 how	 collaboration	 among	 technology-	
oriented	 disciplines	 accelerated	 digital	 health	 implementation	 across	 Saudi	 healthcare	 clusters.	 Their	
assessment	of	digital	maturity	development	demonstrated	significantly	 faster	and	more	comprehensive	
digital	 transformation	 when	 biomedical	 engineering,	 pharmacy	 systems,	 and	 health	 information	
management	teams	worked	through	integrated	rather	than	parallel	implementation	approaches.	

Workforce	 nationalization	 ("Saudization")	 goals	 receive	 support	 through	 enhanced	 professional	
development	 and	 role	 optimization.	 Al-Dossary	 (2018)	 analyzed	 how	 interdisciplinary	 collaboration	
creates	expanded	career	pathways	and	professional	development	opportunities	attracting	Saudi	nationals	
to	healthcare	professions.	Their	assessment	of	career	satisfaction	and	professional	development	among	
Saudi	 healthcare	 professionals	 demonstrated	 higher	 engagement	 and	 retention	 when	 working	 in	
collaborative,	technologically-advanced	cluster	environments	compared	to	traditional	siloed	settings.	

Private	 sector	 participation	 increases	 through	 enhanced	 operational	 models	 and	 technological	
infrastructure.	 Albejaidi	 and	 Katz	 (2020)	 documented	 how	 well-functioning	 healthcare	 clusters	 with	
integrated	technological	systems	and	efficient	operational	models	create	more	attractive	environments	for	
private	investment	and	public-private	partnerships.	Their	analysis	of	private	sector	engagement	before	and	
after	 cluster	 implementation	 demonstrated	 increased	 investor	 interest	 and	 participation	 following	
successful	integration	of	technological	and	operational	functions.	

Table	4	summarizes	key	contributions	of	interdisciplinary	integration	to	Vision	2030	healthcare	objectives:	

Table	4:	Contributions	of	Interdisciplinary	Integration	to	Vision	2030	Healthcare	Objectives	
	

Vision 2030	
Objective	

Interdisciplinary	
Contribution	

Measurable	Outcomes	 Implementation	
Examples	

Improved	Healthcare	
Quality	

Standardized	 clinical	
systems	

Integrated	 care	
pathways	

Coordinated	 quality	
initiatives	

Enhanced	 monitoring	
capabilities	

Reduced	adverse	events	

Improved	 clinical	
outcomes	

Enhanced	 patient	
experience	

Higher	 accreditation	
achievement	

Clinical	decision	support	
integration	

Cross-facility	 protocol	
standardization	

Interdisciplinary	quality	
committees	

Real-time	 quality	
dashboards	

Enhanced	
Operational	
Efficiency	

Resource	optimization	

Workflow	
standardization	

Reduced	duplication	

Economies	of	scale	

Cost	 per	 patient	
reductions	

Improved	 resource	
utilization	

Reduced	 administrative	
overhead	

Enhanced	throughput	

Equipment	
standardization	
programs	

Shared	 inventory	
management	

Unified	 documentation	
systems	

Centralized	 support	
services	

Digital	
Transformation	

Integrated	 information	
systems	

Increased	 digital	
maturity	

Enterprise	 system	
implementation	
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 Technological	
infrastructure	

Change	management	

Digital	 competency	
development	

Enhanced	 technological	
capabilities	

Improved	 data	
utilization	

Innovative	 service	
models	

IoMT	device	integration	

Virtual	care	platforms	

Advanced	 analytics	
capabilities	

Workforce	
Development	

Enhanced	 career	
pathways	

Professional	
specialization	

Continuous	 learning	
opportunities	

Leadership	
development	

Increased	retention	rates	

Higher	 professional	
satisfaction	

Advanced	 skill	
development	

Improved	 recruitment	
success	

Specialized	 certification	
programs	

Career	 advancement	
structures	

Interdisciplinary	
training	initiatives	

Leadership	development	
programs	

Private	 Sector	
Engagement	

Operational	 model	
refinement	

Performance	
transparency	

Innovation	capacity	

Commercial	 viability	
enhancement	

Increased	 private	
investment	

Public-private	
partnerships	

Commercialization	
opportunities	

Service	 outsourcing	
arrangements	

Accountable	 care	
organizations	

Transparent	
performance	reporting	

Innovation	 incubator	
programs	

Managed	 service	
arrangements	

	
6. Conclusion	and	Recommendations	

The	 integration	 of	 biomedical	 engineering,	 pharmacy	 assistance,	 and	 medical	 records	 management	
represents	 a	 critical	 enabler	 for	 advancing	 healthcare	 clusters	 in	 alignment	 with	 Saudi	 Vision	 2030	
objectives.	 This	 review	 has	 examined	 how	 these	 disciplines	 contribute	 distinct	 yet	 complementary	
capabilities	essential	for	effective	cluster	operations,	highlighted	successful	implementation	approaches,	
and	identified	challenges	requiring	attention	as	cluster	development	continues	across	the	Kingdom.	

Several	 key	 insights	 emerge	 from	 this	 analysis.	 First,	 technological	 integration	 across	 these	 disciplines	
creates	foundational	infrastructure	supporting	cluster	functionality,	with	interoperable	systems	connecting	
biomedical	 devices,	 medication	 management	 platforms,	 and	 health	 information	 repositories	 enabling	
coordinated	 care	 delivery	 across	 geographically	 distributed	 facilities.	 Second,	 interdisciplinary	
collaboration	enhances	both	operational	efficiency	and	care	quality	through	standardized	practices,	shared	
expertise,	and	coordinated	improvement	initiatives	spanning	traditional	professional	boundaries.	Third,	
successful	 implementation	 requires	 attention	 to	 technological,	 organizational,	 and	 human	 factors,	with	
leadership	 commitment,	 structured	 project	 management,	 comprehensive	 training,	 and	 cultural	
consideration	representing	critical	success	factors.	

Based	on	these	 insights,	several	recommendations	emerge	 for	healthcare	policymakers,	administrators,	
and	practitioners	engaged	in	advancing	healthcare	clusters	through	interdisciplinary	integration:	

1. Establish	 explicit	 governance	 structures	 with	 balanced	 representation	 from	 biomedical	
engineering,	pharmacy,	and	medical	records	functions	to	ensure	coordinated	planning	and	implementation	
aligned	with	cluster	objectives.	
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2. Develop	unified	technological	roadmaps	addressing	integration	requirements	across	biomedical	
devices,	medication	management	 systems,	 and	 health	 information	 platforms	 to	 create	 coherent	 digital	
environments	spanning	cluster	facilities.	

3. Implement	 comprehensive	 professional	 development	 programs	 addressing	 both	 discipline-	
specific	competencies	and	collaborative	capabilities	required	 for	effective	 functioning	within	 integrated	
healthcare	clusters.	

4. Establish	structured	implementation	methodologies	incorporating	phased	approaches,	dedicated	
project	resources,	comprehensive	training,	and	performance	measurement	to	enhance	adoption	success	
and	benefit	realization.	

5. Create	incentive	systems	rewarding	interdisciplinary	collaboration,	technological	innovation,	and	
quality	improvement	contributions	that	advance	cluster	capabilities	and	support	Vision	2030	healthcare	
objectives.	

6. Develop	knowledge	sharing	mechanisms	including	communities	of	practice,	case	repositories,	and	
implementation	guidance	to	accelerate	learning	across	healthcare	clusters	throughout	the	Kingdom.	

7. Invest	in	research	examining	implementation	experiences,	measuring	outcomes,	and	identifying	
optimal	 approaches	 for	 advancing	 healthcare	 clusters	 through	 interdisciplinary	 collaboration	 and	
technological	integration.	

As	 Saudi	 Arabia	 continues	 its	 ambitious	 healthcare	 transformation	 under	 Vision	 2030,	 the	 effective	
integration	of	biomedical	engineering,	pharmacy	assistance,	and	medical	records	management	will	remain	
essential	 for	creating	high-functioning	healthcare	clusters	capable	of	delivering	accessible,	efficient,	and	
high-quality	care	to	the	Kingdom's	population.	By	applying	evidence-based	approaches	to	interdisciplinary	
collaboration	and	technological	integration,	Saudi	healthcare	institutions	can	accelerate	progress	toward	
achieving	these	important	national	objectives.	

References	

1. Al-Abri,	 R.	 (2017).	 Managing	 change	 in	 healthcare	 organizations	 in	 Sultanate	 of	 Oman	 from	
physicians	perspective.	Journal	of	Health	Management,	19(4),	495-506.	

2. Al-Ahmadi,	 H.	 (2011).	 Challenges	 facing	 women	 leaders	 in	 Saudi	 Arabia.	 Human	 Resource	
Development	International,	14(2),	149-166.	

3. Al-Ahmadi,	H.,	&	Roland,	M.	(2005).	Quality	of	primary	health	care	in	Saudi	Arabia:	A	comprehensive	
review.	International	Journal	for	Quality	in	Health	Care,	17(4),	331-346.	

4. Alabbas,	S.	A.,	&	Al-Qahtani,	M.	F.	(2022).	Health	information	exchange	implementation	challenges	in	
Saudi	Arabia:	A	qualitative	analysis.	Journal	of	Multidisciplinary	Healthcare,	15,	41-52.	

5. Alaboudi,	 A.,	 Atkins,	 A.,	 Sharp,	 B.,	 Balkhair,	 A.,	 Alzahrani,	 M.,	 &	 Sunbul,	 T.	 (2016).	 Barriers	 and	
challenges	 in	 adopting	 Saudi	 telemedicine	 network:	 The	 perceptions	 of	 decision	 makers	 of	
healthcare	facilities	in	Saudi	Arabia.	Journal	of	Infection	and	Public	Health,	9(6),	725-733.	

6. Alasaad,	 M.	 A.,	 Ahmad,	 S.	 N.,	 Al-Jedaie,	 A.	 M.,	 &	 Al-Ghamdi,	 M.	 (2021).	 Artificial	 intelligence	
applications	 in	 Saudi	 healthcare:	 Current	 state	 and	 future	 opportunities.	 Journal	 of	 Health	
Informatics	in	Developing	Countries,	15(1),	1-12.	

7. AlBar,	 A.	 M.,	 &	 Hoque,	 M.	 R.	 (2019).	 Factors	 affecting	 cloud	 ERP	 adoption	 in	 Saudi	 Arabia:	 An	
empirical	study.	Information	Development,	35(1),	150-164.	

8. Albejaidi,	F.	M.	 (2010).	Healthcare	 system	 in	Saudi	Arabia:	An	analysis	of	 structure,	 total	quality	
management	and	future	challenges.	Journal	of	Alternative	Perspectives	in	the	Social	Sciences,	2(2),	
794-818.	

9. Albejaidi,	 F.,	 &	 Al-Harbi,	 Y.	 (2019).	 Clinical	 pharmacy	 services	 in	 Saudi	 Arabia:	 An	 overview.	
International	Journal	of	Pharmacy	and	Pharmaceutical	Sciences,	11(8),	1-7.	

10. Albejaidi,	 F.,	 &	 Katz,	 G.	 (2020).	 Governance	 models	 of	 healthcare	 clusters	 in	 Saudi	 Arabia:	
Transformation	challenges.	Journal	of	Health	Management,	22(4),	607-622.	



7088	https://reviewofconphil.com		

11. Aldosari,	B.	(2014).	Rates,	levels,	and	determinants	of	electronic	health	record	system	adoption:	A	
study	of	hospitals	in	Riyadh,	Saudi	Arabia.	International	Journal	of	Medical	Informatics,	83(5),	330-	
342.	

12. Aldosari,	B.	 (2017).	 Patients'	 safety	 in	 the	 era	of	EMR/EHR	automation.	 Informatics	 in	Medicine	
Unlocked,	9,	230-233.	

13. Al-Dossary,	 R.	 N.	 (2018).	 The	 Saudi	 Arabian	 2030	 vision	 and	 the	 nursing	 profession:	 The	 way	
forward.	International	Nursing	Review,	65(4),	484-490.	

14. Al-Fadl,	F.	A.,	&	Khalid,	M.	(2020).	Assessment	of	biomedical	engineers'	competencies	for	healthcare	
technology	management	in	Saudi	Arabian	hospitals.	Journal	of	Medical	Systems,	44(11),	1-9.	

15. Al-Farhan,	K.	H.,	Alqarni,	M.	S.,	&	Bahamdan,	A.	S.	(2022).	Initial	outcomes	from	healthcare	clustering	
in	Saudi	Arabia:	A	mixed-methods	evaluation.	BMC	Health	Services	Research,	22(1),	230.	

16. Alhawsawi,	J.	M.,	&	Alqahtani,	S.	(2021).	Pharmacy	assistant	contributions	to	medication	safety	in	
Saudi	hospitals:	A	cross-sectional	survey.	Saudi	Pharmaceutical	Journal,	29(4),	424-431.	

17. Al-Hanawi,	M.	K.,	Almubark,	R.	A.,	Qattan,	A.	M.,	Cenkier,	A.,	&	Kosycarz,	E.	A.	 (2022).	Healthcare	
transformation	in	Saudi	Arabia:	Progress	and	challenges	under	Vision	2030.	Leadership	in	Health	
Services,	35(3),	252-272.	

18. Alharbi,	N.	S.,	Almutari,	H.	M.,	&	Al-Surimi,	K.	(2019).	The	adoption	of	health	information	technology	
in	Saudi	Arabian	hospitals:	A	systematic	review.	Health	Policy	and	Technology,	8(2),	105-114.	

19. Al-Hosis,	K.	 F.	 (2017).	 Leadership	 styles	 among	nurse	managers	 in	 Saudi	Arabian	hospitals:	The	
perception	of	nurses	and	nurse	managers.	(Doctoral	dissertation,	Monash	University).	

20. Al-Jedai,	A.,	&	Nurgat,	Z.	A.	 (2017).	Electronic	documenting	of	 clinical	pharmacy	 interventions	 in	
hospitals.	Hospital	Pharmacy	Europe,	85,	34-36.	

21. Al-Jedai,	A.,	Qaisi,	S.,	Al	Meman,	A.,	Almetwazi,	M.,	Al	Tassan,	Y.,	&	Al	Mohameed,	S.	(2016).	The	impact	
of	pharmacy	automation	on	safety,	productivity	and	services	in	Saudi	hospitals:	A	national	survey.	
Journal	of	Pharmaceutical	Policy	and	Practice,	9(1),	1-7.	

22. Al-Jedai,	A.,	Qaisi,	S.,	&	Al-Meman,	A.	(2020).	Pharmacy	services	in	Saudi	Arabia:	Quantitative	and	
qualitative	perspective	from	a	survey	of	hospital	pharmacists.	Saudi	Pharmaceutical	Journal,	28(9),	
1124-1132.	

23. Alkahtani,	S.,	Atkins,	A.,	&	Abdulrazak,	B.	(2019).	Biomedical	technology	adoption	challenges	in	Saudi	
Arabia.	Global	Journal	of	Health	Science,	11(10),	84-94.	

24. Alkadhi,	K.	A.,	Abdulaziz,	S.	S.,	&	Alanazi,	S.	A.	(2019).	Interprofessional	education	in	Saudi	health	
science	programs.	Global	Journal	of	Health	Science,	11(12),	158-168.	

25. Alkhamis,	A.	(2021).	The	association	between	insourcing	health	services	and	efficiency:	The	case	of	
hospital	services	in	Saudi	Arabia.	BMC	Health	Services	Research,	21(1),	1-10.	

26. Almalki,	M.	S.,	Alzahrani,	M.	M.,	&	Alsolami,	A.	A.	(2018).	Assessment	of	readiness	towards	smart	
healthcare	in	Saudi	Arabian	hospitals.	Journal	of	Health	Informatics	in	Developing	Countries,	12(1),	
1-14.	

27. AlMuammar,	A.	M.,	&	Alshenqeeti,	H.	(2020).	Health	Information	Exchange	(HIE)	in	Saudi	Arabia:	
Benefits,	 challenges	 and	 recommendations	 for	 large	 scale	 implementation.	 Saudi	 Journal	 of	
Biological	Sciences,	27(12),	3726-3733.	

28. Almutairi,	A.	F.,	Gardner,	G.	E.,	&	McCarthy,	A.	(2015).	Practical	guidance	for	the	use	of	a	pattern-	
matching	technique	in	case	study	research:	A	case	presentation.	Nursing	&	Health	Sciences,	17(2),	
239-244.	

29. Almutairi,	K.	M.,	Moussa,	M.,	Boswell,	J.	S.,	&	Rodgers,	S.	(2018).	Transformation	readiness:	Assessing	
healthcare	professionals'	perspectives	on	electronic	health	record	implementation	in	Saudi	Arabia.	
Journal	of	Health	Informatics	in	Developing	Countries,	12(2),	1-17.	

30. Al-Mahmoud,	S.,	Al-Dossary,	R.	N.,	Al-Yami,	M.	S.,	&	Al-Rowais,	N.	(2017).	Professional	values	among	
female	nursing	students	in	Saudi	Arabia.	Nursing	Ethics,	24(4),	398-409.	

31. Alomi,	Y.	A.	 (2017).	National	Pharmacy	Practice	Programs	at	Ministry	of	Health	 in	 Saudi	Arabia.	
Journal	of	Pharmacy	Practice	and	Community	Medicine,	3(4),	1-8.	



7089	https://reviewofconphil.com		

32. Alomi,	Y.	A.,	Alghamdi,	S.	J.,	&	Alattyh,	R.	A.	(2018).	National	Survey	of	Pharmacy	Practice	at	MOH	
Hospitals	in	Saudi	Arabia	2016-2017:	Clinical	Pharmacy	Services.	Journal	of	Pharmacy	Practice	and	
Community	Medicine,	4(1),	1S-8S.	

33. Alomi,	 Y.	 A.,	 Aldosary,	 B.	 A.,	&	Alhadab,	 A.	 (2020).	 The	 economic	 outcomes	 of	 clinical	 pharmacy	
services	 in	 Saudi	Arabia:	A	 systematic	 review.	 International	 Journal	of	Pharmaceutical	Research,	
12(3),	1078-1086.	

34. Al-Otaibi,	 A.	 S.,	 Al-Zahrani,	 R.	 M.,	 &	 Al-Khaldi,	 Y.	 M.	 (2019).	 Health	 information	 technology	
implementation	 in	 Saudi	 primary	 healthcare	 centres.	 International	 Journal	 of	 Healthcare	
Management,	12(3),	173-180.	

35. Al-Qahtani,	M.	F.,	Guraya,	 S.	Y.,	&	Khoja,	T.	 (2020).	 Interprofessional	education	and	collaborative	
practice	models	in	Saudi	healthcare	institutions:	Barriers	and	strategies.	Journal	of	Taibah	University	
Medical	Sciences,	15(6),	464-472.	

36. Alrajhi,	S.	N.,	Salam,	M.	A.,	Alqarni,	M.	S.,	&	Alharbi,	S.	R.	(2020).	Advanced	digital	health	technologies	
for	COVID-19	and	future	emergencies.	International	Journal	of	Environmental	Research	and	Public	
Health,	17(18),	6568.	

37. Al-Rayes,	 S.	 A.,	 Aldosari,	 H.,	 Aldosari,	 A.,	 &	 Aldosari,	 B.	 (2019).	 Health	 data	 standards	 and	 the	
challenges	of	implementation	in	Saudi	Arabia.	Studies	in	Health	Technology	and	Informatics,	264,	
1679-1680.	

38. Alshammari,	 F.,	 &	 Alhindi,	 A.	 (2021).	 Telemedicine	 implementation	 challenges	 in	 Saudi	 Arabian	
hospitals:	A	systematic	review.	Global	Journal	of	Health	Science,	13(3),	121-130.	

39. Al-Shammari,	H.	A.,	&	Al-Sultan,	B.	(2020).	Biomedical	engineering	department	roles	in	healthcare	
technology	management:	A	Saudi	Arabian	perspective.	Journal	of	Clinical	Engineering,	45(1),	44-50.	

40. Al-Shammari,	H.	A.,	Alabbas,	S.	A.,	&	Alhawsawi,	J.	M.	(2022).	Integration	of	biomedical	engineering	
and	health	 information	 systems	 in	 Saudi	 healthcare	 clusters.	 International	 Journal	 of	Healthcare	
Information	Systems	and	Informatics,	17(2),	1-17.	

41. Al-Sobhi,	F.,	Weerakkody,	V.,	&	El-Haddadeh,	R.	(2020).	The	roles	of	intermediaries	in	e-government	
adoption:	The	case	of	Saudi	Arabia.	Government	Information	Quarterly,	37(1),	101279.	

42. Alsulami,	H.,	&	Atkins,	A.	(2016).	Factors	influencing	the	acceptance	of	health	information	technology	
in	Saudi	Arabian	hospitals.	Global	Journal	of	Health	Science,	8(12),	68-76.	

43. Altuwaijri,	 M.	 M.	 (2018).	 Saudi	 healthcare	 sector:	 Progress,	 challenges	 and	 opportunities.	
International	Journal	of	Health	Sciences,	12(5),	i-ii.	

44. Al-Yami,	M.	 S.,	Galdas,	P.,	&	Watson,	R.	 (2018).	 Leadership	 style	 and	organisational	 commitment	
among	nursing	staff	in	Saudi	Arabia.	Journal	of	Nursing	Management,	26(5),	531-539.	

45. Alwashmi,	M.	F.	 (2020).	The	use	of	digital	health	 in	 the	detection	and	management	of	COVID-19.	
International	Journal	of	Environmental	Research	and	Public	Health,	17(8),	2906.	

46. Atallah,	 M.	 A.,	 Khalifa,	 M.,	 El-Metwally,	 A.,	 &	 Househ,	 M.	 (2018).	 The	 quality	 of	 mobile	 health	
applications	for	disease	management:	A	systematic	analytical	review.	Journal	of	Medical	Systems,	
42(8),	1-11.	

47. Bamufleh,	D.	Y.,	Al-Zahrani,	R.,	Youssef,	E.,	Kurdi,	R.,	&	Aldossari,	K.	(2021).	Health	system	reform	
vision	and	actions:	The	case	of	Saudi	Arabia.	Healthcare,	9(6),	625.	

48. El-Metwally,	 A.,	 Househ,	 M.,	 Alshammari,	 A.,	 &	 Dessouky,	 I.	 I.	 (2019).	 Healthcare	 information	
technology	acceptance	model	(HITAM)	in	Saudi	Arabia:	Challenges	and	opportunities.	International	
Journal	of	Environmental	Research	and	Public	Health,	16(23),	4807.	

49. Faqeeh,	H.	M.,	Al-Shabanah,	H.	A.,	Althekair,	F.	O.,	Al-Tweijri,	A.	H.,	&	Albagmi,	F.	M.	(2020).	Exploring	
the	 Adoption	 of	 Healthcare	 Information	 Systems	 in	 Saudi	 Arabia:	 A	 Conceptual	 Framework.	
International	Journal	of	Environmental	Research	and	Public	Health,	17(23),	8964.	

50. Hasanain,	R.,	Vallmuur,	K.,	&	Clark,	M.	(2018).	Electronic	medical	record	systems	in	Saudi	Arabia:	
Knowledge	and	preferences	of	healthcare	professionals.	Journal	of	Health	Informatics	in	Developing	
Countries,	12(1),	1-16.	

51. Khalifa,	M.	(2014).	Technical	and	human	challenges	of	implementing	hospital	information	systems	
in	Saudi	Arabia.	Journal	of	Health	Informatics	in	Developing	Countries,	8(1),	12-25.	



7090	https://reviewofconphil.com		

52. Khalifa,	M.,	&	Alswailem,	O.	(2015).	Hospital	information	systems	(HIS)	acceptance	and	satisfaction:	
A	case	study	of	a	tertiary	care	hospital.	Procedia	Computer	Science,	63,	198-204.	

53. Ministry	of	Health.	(2021).	Saudi	health	sector	transformation	strategy.	Ministry	of	Health,	Kingdom	
of	Saudi	Arabia.	

54. Mominah,	M.	A.,	Yunus,	F.,	&	Househ,	M.	S.	 (2018).	A	case	study	on	 the	 impacts	of	 computerized	
provider	order	entry	(CPOE)	system	on	hospital	clinical	workflow.	Studies	in	Health	Technology	and	
Informatics,	251,	153-157.	

55. Saquib,	N.,	Zaghloul,	M.	S.,	Mazrou,	A.,	&	Saquib,	J.	(2019).	Cardiovascular	disease	research	in	Saudi	
Arabia:	A	bibliometric	analysis.	Scientometrics,	118(3),	1021-1029.	

56. Terrell,	 G.	 E.,	 Alruwaili,	 A.,	 Dent,	 D.,	 &	 Galbraith,	 K.	 (2020).	 Comparing	 the	 current	 pharmacy	
educational	 systems	 in	 Saudi	 Arabia	 and	 Australia:	 A	 qualitative	 analysis.	 Saudi	 Pharmaceutical	
Journal,	28(12),	1531-1538.	

57. Walston,	S.,	Al-Harbi,	Y.,	&	Al-Omar,	B.	(2018).	The	changing	face	of	healthcare	in	Saudi	Arabia.	Annals	
of	Saudi	Medicine,	28(4),	243-250.	

58. Yamin,	M.	 (2018).	 IT	 framework	 to	 enhance	 smart	 healthcare	 systems	 integration.	 International	
Journal	of	Computer	Networks	&	Communications,	10(6),	39-53.	


